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Abstract

While associations between maternal infections during pregnancy and child-

hood leukemia in offspring have been extensively studied, the evidence for

other types of childhood cancers is limited. Additionally, antibiotic exposure

during pregnancy could potentially increase the risk of childhood cancers. Our

study investigates associations between maternal infections and antibiotic pre-

scriptions during pregnancy and the risk of childhood cancer in Taiwan. We

conducted a population-based cohort study using the Taiwan Maternal and

Child Health Database (TMCHD), linked with national health and cancer regis-

tries. The study included 2 267 186 mother-child pairs, and the median

follow-up time was 7.96 years. Cox proportional hazard models were utilized to

estimate effects. Maternal infections during pregnancy were associated with a

moderate increase in the risk of childhood hepatoblastoma (adjusted hazard

ratio [HR] = 1.34; 95% confidence interval [CI]: 0.90-1.98) and a weaker

increase in the risk of childhood acute lymphoblastic leukemia (ALL) (adjusted

HR = 1.15; 95% CI: 0.99-1.35). Antibiotic prescriptions during pregnancy were

also associated with an elevated risk of childhood ALL (adjusted HR = 1.30;

95% CI: 1.04-1.63), particularly with tetracyclines (adjusted HR = 2.15; 95% CI:

1.34-3.45). Several specific antibiotics were also associated with an increased

risk of hepatoblastoma and medulloblastoma. Children exposed in utero to anti-

biotic prescription or both infections and antibiotics during pregnancy were at

higher risk of developing ALL. Our findings suggest that there are associations

between maternal infections, antibiotic use during pregnancy and the risk of

several childhood cancers in addition to ALL and highlight the importance of

further research in this area.
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What's new?

Maternal infection and antibiotic exposure during pregnancy are potential risk factors for child-

hood cancer. Previous studies of possible associations between these factors and childhood

cancer risk, however, have focused mainly on European and U.S. populations. Here, relation-

ships between childhood cancer and medically diagnosed maternal infection and antibiotic use

during pregnancy were explored in a Taiwanese population. Analyses reveal moderate associa-

tions between maternal infection during pregnancy and childhood hepatoblastoma risk and risk

of childhood acute lymphoblastic leukemia (ALL). Maternal use of certain antibiotics during

pregnancy increased childhood hepatoblastoma and ALL risk, with ALL risk especially linked to

maternal tetracycline use.

1 | INTRODUCTION

Potential links between maternal infections during pregnancy and

childhood cancers, especially leukemia, have been the subject of

investigations for a considerable period of time.1-3 However, there

remains limited evidence available regarding associations between

maternal infections during pregnancy and less common types of can-

cers, such as central nervous system tumors, including medulloblas-

toma, and hepatoblastoma.4-6 Additionally, there is concern that

exposure to antibiotics during pregnancy may be a potential risk fac-

tor for some childhood cancers, either acting as a mediator of infec-

tion or as an independent cause of the cancer.7-9

Greaves studied the associations between infection and child-

hood acute lymphoblastic leukemia (ALL),10 and developed a theory

that ALL development occurs in two distinct stages: during fetal

development and after birth.10 This two-stage process is influenced

by a combination of common infections and inherited genetic factors.

While Greaves' theory highlighted the importance of common infec-

tions over specific types of infection,10 several studies concentrated

on specific groups of infections that occur during pregnancy, for

instance, infections affecting the genitourinary tract, influenza and

varicella were found to be associated to a higher risk of childhood

leukemia.1-3

Similar to infections, maternal exposure to antibiotics during preg-

nancy has been extensively studied in relation to risk of childhood leu-

kemia. However, most of the findings have not provided sufficient

evidence to establish associations conclusively,11,12 with only a few

studies demonstrating moderate to strong links.7,9 While the presence

of infections can complicate the interpretation of these results due to

confounding by indication for antibiotics, there remains a possibility

that the antibiotics themselves contribute to the development of

childhood cancer through different mechanisms. Certain types of anti-

bacterials, such as some quinolones and metronidazole, have been

shown to act as carcinogens or genotoxins in animal studies.13,14

Furthermore, many antibiotics are considered nitrosatable drugs,

which have been associated with certain types of childhood cancer.15

On the other hand, several studies explored the potential links

between maternal infections during pregnancy and the risk of child-

hood brain and nervous system tumors, which represent the second

most common type of childhood cancer. However, findings have been

inconclusive due to limited statistical power.4,6 Some studies have

identified a positive association between viral infections during preg-

nancy and the risk of childhood nervous system tumors.4,6 A case-

control study reported an increase in risk of childhood brain tumors

associated with influenza infection in pregnant women.6 Additionally,

research investigating the use of antibiotics by mothers during preg-

nancy has provided additional evidence for childhood brain tumor

associations.16

Hepatoblastoma is more frequently observed in children in

Taiwan compared to other populations,17 which highlights the impor-

tance of studying the potential relationship with maternal infections

and antibiotic prescriptions during pregnancy in this specific context.

Additionally, a recent cohort study has reported associations between

parental hepatitis B infection and risk of childhood hepatoblastoma.18

The objective of our study is to explore possible associations

between maternal medically diagnosed infections and antibiotic pre-

scriptions during pregnancy and the risk of childhood cancer in the

Taiwanese population.

2 | METHODS

We performed a population-based cohort study using the Taiwan

Maternal and Child Health Database (TMCHD). Established in 2004,

this database contains information including health status and health-

care utilization of mothers and children born between 2004 and 2015,

with a total population of 2 385 071 mother and child pairs.19 The data-

base was linked with the Registry for Beneficiaries of the National

Insurance Research Database (NIRD) (2002-2017), Taiwanese Cancer

Registry (1979-2017) and birth registry (2004-2015; Figure S1). Nota-

bly, the Taiwanese government has ensured universal healthcare cover-

age through the National Health Insurance Program since 1995, thus

these datasets comprise information on >99% of Taiwanese residents,

including inpatients, outpatients and prescription information. All of

these datasets were accessed through the Health andWelfare Data Sci-

ence Center, which operates under the Ministry of Health and Welfare

in Taiwan.

Children who had incomplete information regarding their

mother's identification (ID), International Classification of Diseases

(ICD) code, age or sex at baseline were excluded from the analysis
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(n = 17 174). Additionally, any children with missing or duplicated

registration records were excluded (n = 73 718). Children born with

extremely low birth weights (<500 g), who have a lower likelihood of

surviving until the development of cancer, were also excluded from

the analysis (n = 1071). Moreover, children diagnosed with Down

syndrome, a condition strongly associated with specific cancer

types,20,21 were excluded from the analysis as well (n = 1006). Finally,

children who had missing information regarding their mother's Ana-

tomical Therapeutic Chemical (ATC) code (n = 24 916) were excluded

due to uncertainty regarding their exposure status.

The presence of maternal infection during pregnancy was deter-

mined by extracting information from the linkage of TMCHD with the

NIRD. Diagnoses recorded in the database were categorized using

the International Classification of Diseases, Revision 9 (ICD-9) and

Revision 10 (ICD-10) coding systems. Maternal infection diagnoses

were grouped based on their type (viral or bacterial) and the affected

organ system (such as the respiratory, enteric or urinary tract) using

the categorization developed by Atlad�ottir et al.22 (Table S1).

We determined exposure to antibiotics during pregnancy by uti-

lizing the ATC code for antibacterials for systemic use (J01) and intes-

tinal anti-infectives (A07A). The specific subcategories of antibiotics

are described in Table S2.

The exposure period was defined as the estimated date of concep-

tion until the date of birth. The estimated date of conception was calcu-

lated by subtracting the gestational age in days from the date of birth.

Within this exposure period, episodes of infection were counted. If a

pregnant woman received multiple diagnoses of the same disease

within a span of 2 weeks, we considered it a single episode. To identify

exposure status, we included both inpatient and outpatient diagnoses

as well as primary and secondary ICD codes.

The main outcome of our study was the offspring's cancer diag-

nosis. The specific types of cancer that were of interest in our study

were ALL, central nervous system (CNS) tumors (including medullo-

blastoma) and hepatoblastoma. We established a linkage between the

databases above and the Taiwan Cancer Registry, which is a compre-

hensive and reliable population-based cancer registry.23 This linkage

allowed us to identify children within the database who were diag-

nosed with cancer between 2004 and 2017.

Cox proportional hazard models with age (in days) as the time

scale were used to estimate effects for medically diagnosed infections

and antibiotic prescriptions during pregnancy and the risk of child-

hood cancer. Premature death was treated as a censoring event, and

we assumed the independency of this completing risk. Additional ana-

lyses were conducted to explore the number of infection episodes,

both as categorical variables (0, 1, 2-3 and 4 or more episodes) and as

a continuous variable. We also examined the combined effects of

infections and antibiotic exposure during pregnancy in separate

models, using those without infections and antibiotic use during preg-

nancy as the reference group.

Based on modified disjunctive cause criteria,24 we adjusted all

models for birth year, sex, maternal age in years, family income

(divided into quartiles), urbanization level (categorized as high, middle

or low) and parity (categorized as 1, 2 or 3 or more). Some of these

factors including child's age (as birth year) and sex,25-27 maternal

age21,28-30 and parity26,27 have been suggested as potential risk fac-

tors for certain types of childhood cancer. Family income and urbani-

zation level were considered proxies for confounding by

socioeconomic status.26,31 Furthermore, some factors, such as birth

year, parity, family income and urbanization level, may be associated

with exposures of interest, that is, infections and antibiotic use during

pregnancy in our study population. We ensured the proportional-

hazards assumption was met through graphical evaluation. Models

with fewer than five exposed cases are not being presented due to

the limited number of events occurring. All statistical analyses were

performed using SAS 9.4 (SAS Institute, Cary, NC).

3 | RESULTS

Table 1 shows the general characteristics of the maternal and child

cohort. A total of 2 292 102 individuals were initially considered eligi-

ble for the study. After excluding those with incomplete information

regarding maternal exposure during pregnancy (n = 24 916), the final

analysis includes 2 267 186 participants (Figure S1). The median

follow-up time for children after live birth was 7.96 years (interquar-

tile range [IQR] = 6.2 years) while the median age at cancer diagnosis

was 2.72 years (IQR = 4.06 years).

We observed a moderate increase in the risk of childhood hepa-

toblastoma among children whose mothers were diagnosed with

infections during pregnancy, but the confidence interval was wide and

included the null (adjusted hazard ratio [HR] = 1.34; 95% confidence

interval [CI] 0.90-1.98). Similarly, we found a small increase in the risk

of childhood ALL among children whose mothers had an infection

during pregnancy (adjusted HR = 1.15; 95% CI: 0.99-1.35). However,

we did not observe an association between any type of infection dur-

ing pregnancy and the risk of childhood CNS tumors or medulloblas-

toma. Additionally, while for some of the specific types of infection

we saw positive associations with the four types of childhood cancers

examined, the data were not informative enough to draw firm conclu-

sions (see Table 2).

Table 3 shows an increased risk of childhood ALL among children

whose mothers were prescribed antibiotics during pregnancy

(adjusted HR = 1.30; 95% CI: 1.04-1.63). The association was even

stronger for children whose mothers were prescribed tetracyclines

during pregnancy (adjusted HR = 2.15; 95% CI: 1.34-3.45). The use of

aminoglycosides during pregnancy was associated with an increased

risk of hepatoblastoma in offspring (adjusted HR = 2.05; 95% CI:

1.11-3.80), as were other antibacterials with different modes of action

not classified in the preceding groups (adjusted HR = 5.26; 95% CI:

2.29-12.12). However, there was not sufficient evidence to conclu-

sively establish an association between antibiotic prescriptions during

pregnancy and childhood CNS tumors including medulloblastoma.

In Table 4, we show our results from examining relationships

between medically diagnosed infections, antibiotic prescriptions dur-

ing pregnancy and the risk of childhood cancer. Compared to mothers

without exposure to either risk factor, children whose mothers had

SIRIRUNGREUNG ET AL. 3
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TABLE 1 General characteristics of study population in Taiwan, 2004 to 2015.

Infection during pregnancya Antibiotic prescription during pregnancya

Total Yes No Yes No

Number 2 292 102 1 552 387 714 799 1 942 047 325 139

Acute lymphoblastic

leukemia

798 560 233 703 90

Central nervous system

tumors

389 264 123 339 48

Hepatoblastoma 136 100 36 120 16

Medulloblastoma 86 56 30 79 7

Follow-up time (years),

median (IQR)

7.96 (6.20) 7.79 (6.18) 8.19 (6.25) 8.06 (6.29) 7.27 (5.60)

Age at cancer diagnosis,

cases only (years), n

(%)

0-4 2004 (73.17) 1372 (73.64) 617 (72.5) 1753 (73.29) 236 (73.29)

5-9 587 (21.43) 401 (21.52) 180 (21.15) 508 (21.24) 73 (22.67)

10-14 148 (5.40) 90 (4.83) 54 (6.35) 131 (5.48) 13 (4.04)

Age of cancer diagnosis

(years), median (IQR)

2.72 (4.06) 2.69 (3.99) 2.82 (4.22) 2.74 (4.01) 2.62 (4.14)

Birth year, n (%)

2004-2007 777 057 (33.90) 513 683 (33.09) 253 077 (35.41) 679 544 (34.99) 87 216 (26.82)

2008-2011 708 476 (30.91) 482 785 (31.10) 218 181 (30.52) 589 139 (30.34) 111 827 (34.39)

2012-2015 806 569 (35.19) 555 919 (35.81) 243 541 (34.07) 673 364 (34.67) 126 096 (38.78)

Sex, n (%)

Male 1 190 872 (51.96) 806 321 (51.94) 371 478 (51.97) 1 012 177 (52.12) 165 622 (50.94)

Female 1 101 230 (48.04) 746 066 (48.06) 343 321 (48.03) 929 870 (47.88) 159 517 (49.06)

Mother's age (years), n

(%)

<30 1 051 675 (45.88) 732 339 (47.18) 307 024 (42.95) 894 288 (46.05) 145 075 (44.62)

30-<40 1 188 291 (51.84) 790 387 (50.91) 389 849 (54.54) 1 005 551 (51.78) 174 685 (53.73)

40 and over 47 901 (2.09) 29 661 (1.91) 17 926 (2.51) 42 208 (2.17) 5379 (1.65)

Missing 4235 (0.18) — — — —

Mother's age (years),

mean (SD)

30.35 (4.84) 30.21 (4.83) 30.70 (4.85) 30.36 (4.87) 30.41 (4.64)

Family income (TWD), n

(%)

<30 759 550 262 (24.01) 367 159 (23.65) 165 012 (23.09) 462 285 (23.80) 69 886 (21.49)

30 759-48 200 547 531 (23.89) 391 347 (25.21) 152 727 (21.37) 475 623 (24.49) 68 451 (21.05)

48 200-73 317 553 224 (24.14) 381 587 (24.58) 169 424 (23.70) 471 106 (24.26) 79 905 (24.58)

≥73 317 550 296 (24.01) 351 074 (22.62) 198 421 (27.76) 454 377 (23.40) 95 118 (29.25)

Missing 90 789 (3.96) 61 220 (3.94) 29 215 (4.09) 78 656 (4.05) 11 779 (3.62)

Family income (TWD),

mean (SD)

54 584.00 (36 075.91) 53 724.22 (34 738.74) 57 644.25 (38 512.93) 54 244.65 (35 557.11) 59 205.91 (38 360.35)

Urbanization level of

inhabited area, n (%)

High 1 220 489 (53.25) 805 893 (51.91) 400 731 (56.06) 1 022 627 (52.66) 183 997 (56.59)

Middle 861 047 (37.57) 595 854 (38.38) 256 386 (35.87) 732 517 (37.72) 119 723 (36.82)

Low 209 813 (9.15) 150 089 (9.67) 57 485 (8.04) 186 289 (9.59) 21 285 (6.55)

Missing 753 (0.03) 551 (0.04) 197 (0.03) 614 (0.03) 134 (0.04)

4 SIRIRUNGREUNG ET AL.
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TABLE 1 (Continued)

Infection during pregnancya Antibiotic prescription during pregnancya

Total Yes No Yes No

Parity, n (%)

1 922 928 (40.27) 610 804 (39.35) 296 657 (41.50) 793 062 (40.84) 114 399 (35.18)

2 1 125 093 (49.09) 771 525 (49.70) 345 264 (48.30) 944 665 (48.64) 172 124 (52.94)

3 or more 244 081 (10.65) 170 058 (10.95) 72 878 (10.20) 204 320 (10.52) 38 616 (11.88)

aMissing information on medical diagnoses and/or drug prescription (n = 24 916).

TABLE 2 Hazard ratios and 95% confidence intervals for the association between medically diagnosed infection during pregnancy and risk of
childhood cancer in Taiwan, 2004 to 2015 (N = 2 267 186).

Number
of events

Incidence density
rate (per 100 000
person-years) HR (95% CI)

Adjusted
HR (95% CI)a

Acute lymphoblastic leukemia

Noninfected cohort 233 4.07 Ref Ref

Infected cohort, any type of infection 560 4.61 1.13 (0.97-1.31) 1.15 (0.99-1.35)

Viral infection 130 4.35 1.06 (0.85-1.31) 1.07 (0.86-1.34)

Bacterial infection 381 4.44 1.08 (0.92-1.27) 1.11 (0.94-1.32)

Respiratory infection 266 4.58 1.11 (0.93-1.33) 1.14 (0.95-1.36)

Enteric infection 23 6.09 1.49 (0.97-2.28) 1.60 (1.04-2.46)

Urinary tract infection 88 4.42 1.07 (0.84-1.36) 1.15 (0.89-1.47)

Central nervous system tumors

Noninfected cohort 123 2.15 Ref Ref

Infected cohort, any type of infection 264 2.17 1.01 (0.82-1.25) 0.98 (0.79-1.22)

Viral infection 76 2.54 1.18 (0.89-1.57) 1.13 (0.84-1.52)

Bacterial infection 194 2.26 1.05 (0.84-1.31) 1.01 (0.80-1.28)

Respiratory infection 123 2.12 0.98 (0.76-1.26) 0.94 (0.73-1.22)

Enteric infection 6 1.59 0.74 (0.33-1.67) 0.74 (0.33-1.69)

Urinary tract infection 46 2.31 1.07 (0.76-1.50) 1.02 (0.72-1.46)

Hepatoblastoma

Noninfected cohort 36 0.63 Ref Ref

Infected cohort, any type of infection 100 0.82 1.28 (0.88-1.88) 1.34 (0.90-1.98)

Viral infection 28 0.94 1.45 (0.89-2.38) 1.54 (0.92-2.56)

Bacterial infection 65 0.76 1.18 (0.79-1.77) 1.25 (0.82-1.90)

Respiratory infection 42 0.72 1.12 (0.72-1.75) 1.18 (0.74-1.86)

Urinary tract infection 11 0.55 0.84 (0.43-1.65) 0.84 (0.41-1.71)

Medulloblastoma

Noninfected cohort 30 0.52 Ref Ref

Infected cohort, any type of infection 56 0.46 0.88 (0.57-1.37) 0.83 (0.53-1.29)

Viral infection 16 0.54 1.02 (0.56-1.87) 0.99 (0.54-1.82)

Bacterial infection 45 0.52 1.00 (0.63-1.59) 0.93 (0.58-1.48)

Respiratory infection 31 0.53 1.01 (0.61-1.68) 0.99 (0.60-1.64)

Urinary tract infection 15 0.75 1.45 (0.78-2.69) 1.28 (0.68-2.43)

Note: Number of hepatoblastoma and medulloblastoma cases exposed to enteric infections were ≤5.
aAdjusted for birth year, sex, maternal age (years), family income (quartile), urbanization level (high, middle, low) and parity (1, 2, ≥3).
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received an antibiotic prescription only (without infection) were at

an increased risk of developing ALL (adjusted HR = 1.53; 95% CI:

1.05-2.23). Similarly, children whose mothers had received both a

medically diagnosed infection and an antibiotic prescription during

pregnancy were also at increased risk of ALL (adjusted HR = 1.66;

95% CI: 1.16-2.38). However, our data did not allow us to examine

TABLE 3 Hazard ratios and 95% confidence intervals for the association between antibiotic prescription during pregnancy and risk of
childhood cancer in Taiwan, 2004 to 2015 (N = 2 267 186).

Number of events

Incidence density

rate (per 100 000 person-years) HR (95% CI)

Adjusted

HR (95% CI)a

Acute lymphoblastic leukemia

Not prescribed antibiotics 90 3.73 Ref Ref

Any type of antibiotics 703 4.55 1.25 (1.01-1.56) 1.30 (1.04-1.63)

Tetracyclines 23 7.46 2.09 (1.32-3.30) 2.15 (1.34-3.45)

Amphenicols 13 4.99 1.43 (0.80-2.57) 1.28 (0.67-2.42)

Beta-lactam antibacterials—penicillin 287 3.97 1.09 (0.86-1.38) 1.15 (0.90-1.47)

Other beta-lactam antibacterials 561 4.62 1.27 (1.02-1.59) 1.31 (1.04-1.65)

Sulfonamides and trimethoprim 11 4.68 1.34 (0.72-2.51) 1.42 (0.75-2.69)

Macrolides, lincosamides and streptogramins 79 4.33 1.22 (0.90-1.65) 1.30 (0.95-1.78)

Aminoglycoside antibacterials 178 4.29 1.19 (0.92-1.54) 1.18 (0.91-1.55)

Quinolone antibacterials 15 3.78 1.05 (0.61-1.82) 1.04 (0.59-1.84)

Other antibacterials 16 4.06 1.12 (0.66-1.90) 1.08 (0.61-1.91)

Intestinal anti-infectives 13 4.08 1.15 (0.64-2.06) 1.22 (0.67-2.21)

Central nervous system tumors

Not prescribed antibiotics 48 1.99 Ref Ref

Any type of antibiotics 339 2.19 1.12 (0.82-1.51) 1.16 (0.84-1.59)

Tetracyclines 6 1.95 1.04 (0.45-2.43) 0.74 (0.26-2.09)

Amphenicols 6 2.30 1.24 (0.53-2.90) 1.32 (0.55-3.15)

Beta-lactam antibacterials—penicillin 172 2.38 1.22 (0.88-1.67) 1.29 (0.92-1.80)

Other beta-lactam antibacterials 273 2.25 1.14 (0.84-1.55) 1.17 (0.85-1.62)

Sulfonamides and trimethoprim 7 2.98 1.60 (0.72-3.54) 1.43 (0.60-3.43)

Macrolides, lincosamides and streptogramins 33 1.81 0.95 (0.61-1.48) 0.93 (0.58-1.48)

Aminoglycoside antibacterials 95 2.29 1.18 (0.83-1.67) 1.26 (0.87-1.81)

Quinolone antibacterials 11 2.77 1.44 (0.75-2.77) 1.55 (0.79-3.03)

Other antibacterials 8 2.03 1.05 (0.50-2.22) 1.16 (0.54-2.48)

Hepatoblastoma

Not prescribed antibiotics 16 0.66 Ref Ref

Any type of antibiotics 120 0.78 1.25 (0.74-2.10) 1.37 (0.79-2.40)

Beta-lactam antibacterials—penicillin 53 0.73 1.17 (0.67-2.05) 1.34 (0.74-2.43)

Other beta-lactam antibacterials 105 0.86 1.38 (0.82-2.34) 1.50 (0.86-2.64)

Macrolides, lincosamides and streptogramins 16 0.88 1.48 (0.74-2.95) 2.03 (0.98-4.20)

Aminoglycoside antibacterials 44 1.06 1.75 (0.99-3.11) 2.05 (1.11-3.80)

Other antibacterials 10 2.54 4.06 (1.84-8.95) 5.26 (2.29-12.12)

Medulloblastoma

Not prescribed antibiotics 7 0.29 Ref Ref

Any type of antibiotics 79 0.51 1.77 (0.82-3.84) 1.96 (0.85-4.51)

Beta-lactam antibacterials—penicillin 44 0.61 2.08 (0.94-4.62) 2.28 (0.96-5.38)

Other beta-lactam antibacterials 67 0.55 1.91 (0.88-4.16) 2.10 (0.91-4.85)

Macrolides, lincosamides and streptogramins 10 0.55 1.97 (0.75-5.18) 2.22 (0.80-6.18)

Aminoglycoside antibacterials 25 0.60 2.10 (0.91-4.85) 2.37 (0.96-5.83)

aAdjusted for birth year, sex, maternal age (years), family income (quartile), urbanization level (high, middle, low) and parity (1, 2, ≥3). Antibiotic exposures

that had a low occurrence of ≤5 cancer cases were excluded.
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associations with other types of cancer (≤5 cases in reference

group).

We lacked sufficient evidence to establish a linear relationship

between the number of infection episodes during pregnancy and the

risk of childhood cancer in offspring. While two to three episodes of

infection during pregnancy were associated with an increased risk

of ALL (adjusted HR = 1.24; 95% CI: 1.03-1.50), we saw weak to null

associations for four or more episodes (adjusted HR = 1.11; 95% CI:

0.89-1.38) or one episode only (adjusted HR = 1.09; 95%

CI: 0.90-1.32) compared to children of mothers never infected in

pregnancy (Table S3).

4 | DISCUSSION

Maternal infections during pregnancy showed a moderate increase in

the risk of childhood hepatoblastoma and a smaller increase in the risk

of childhood ALL. Furthermore, having received an antibiotic prescrip-

tion during pregnancy was associated with an elevated risk of child-

hood ALL, particularly for tetracyclines. Specific types of antibiotics

were also found to be associated with an increased risk of hepatoblas-

toma. Furthermore, children whose mothers were exposed to an anti-

biotic prescription (without infection) or both infection and an

antibiotic prescription during pregnancy were at higher risk of devel-

oping ALL. However, the number of infection episodes during preg-

nancy did not show a linear association with the risk of childhood

cancer.

Interestingly, our findings suggest a relatively strong association

with childhood ALL for mothers who were prescribed antibiotics dur-

ing pregnancy even without having a maternal infection recorded in

the medical records. This may suggest a potential direct effect of anti-

biotic exposure on the risk of ALL in offspring. As we observed that a

relatively large proportion of participants (24.8%) had been prescribed

antibiotics without a concomitant diagnosis for an infection, this may

reflect at least some of these prescriptions having been given as pro-

phylaxis in preparation for birth to prevent infections during the deliv-

ery process. This practice aligns with certain guidelines, including the

prophylaxis strategy for preventing group B Streptococcus infection

during pregnancy.32-35 Although it is plausible that certain infections

were diagnosed solely based on clinical symptoms without laboratory

confirmation, the likelihood of prescriptions for antibiotics without

clear indications in Taiwan is low. This is due to the fact that prescrip-

tion practices are regulated by the national insurance system, which

maintains stringent auditing standards within the healthcare system.19

If these prescriptions indeed happened without an indication due to a

pregnancy infection, they may suggest an independent direct effect of

antibiotics on the risk of offspring ALL. Further studies are needed to

investigate this possibility.

Our findings support previous research that found positive

associations between common infections during pregnancy and the

risk of childhood ALL.1-3 A previous cohort study in Denmark

observed an increased risk of childhood ALL among children born to

mothers with infections during pregnancy (adjusted HR = 1.35; 95%

CI: 1.04-1.77).2 In our study, urinary tract infections did not seem to

increase risk, but for enteric infections positive associations were

suggested. While previous studies in European countries reported

positive associations between maternal genitourinary tract infec-

tions during pregnancy and childhood ALL (with HR and OR ranging

from 1.34 to 1.92),2,3 a matched case-control study in California

which collected data using self-report found no association

(OR = 0.70; 95% CI: 0.42-1.17).36 Variations in effect estimates for

specific infection types and ALL may be random observations driven

by small sample sizes for these subtypes.

We found a potential association between maternal infection dur-

ing pregnancy, particularly viral infections, and the risk of childhood

hepatoblastoma. This observation aligns with a previous cohort study

conducted in Taiwan, which also suggested an association between

aternal hepatitis B infection before childbirth and the risk of childhood

TABLE 4 Hazard ratios and 95% confidence intervals for the association between infection and antibiotic prescription during pregnancy and
risk of childhood cancer in Taiwan, 2004 to 2015 (N = 2 267 186).

Infection
Prescribed
antibiotics

Number
of events

Incidence density

rate (per 100 000
person-years) HR (95% CI)

Adjusted
HR (95% CI)a

Acute lymphoblastic leukemia

No No 36 3.16 Ref Ref

No Yes 197 4.29 1.41 (0.99-2.01) 1.53 (1.05-2.23)

Yes No 54 4.25 1.34 (0.88-2.04) 1.47 (0.95-2.27)

Yes Yes 506 4.65 1.51 (1.07-2.11) 1.66 (1.16-2.38)

Central nervous system tumors

No No 19 16.67 Ref Ref

No Yes 104 22.66 1.38 (0.85-2.25) 1.40 (0.85-2.31)

Yes No 29 22.81 1.37 (0.77-2.44) 1.27 (0.70-2.32)

Yes Yes 235 21.62 1.31 (0.82-2.09) 1.29 (0.80-2.09)

aAdjusted for birth year, sex, maternal age (years), family income (quartile), urbanization level (high, middle, low) and parity (1, 2, ≥3).
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hepatoblastoma, although the confidence interval for the effect esti-

mate was very wide (adjusted HR = 1.40; 95% CI: 0.56-3.52).18 A

small matched case-control study conducted in North America did not

find a difference in the incidence of common infections (hepatitis,

measles, mumps, influenza, chicken pox or infectious mononucleosis)

or maternal antibiotic use during pregnancy and childhood cancers.37

A possible mechanism by which common infections during preg-

nancy may contribute to the risk of childhood ALL has proposed by

Greaves.10,38 In the case of hepatoblastoma, it would be plausible that

a specific infection such as a viral hepatitis infection may either cause

maternal immune dysregulation or infect fetal hepatocytes39,40 conse-

quently leading to mutations in liver cells as has been shown for adult

hepatocellular carcinoma.41,42

Our results indicate that prescription of certain antibiotics during

pregnancy, particularly tetracyclines, may increase the risk of childhood

ALL. This aligns with previous research conducted in Denmark, Sweden

and Canada reporting similar associations.9,43 On the other hand, a study

in the United Kingdom found a slightly negative or null association

between systemic antibacterial use during pregnancy and childhood ALL

(OR = 0.88; 95% CI: 0.72-1.07).7 This highlights the need for further

investigation of the relationship between antibiotic use during pregnancy

and the risk of childhood leukemia. Notably, doxycycline, a commonly

used drug from the tetracycline group, has been found to increase the

average number of megakaryocytes and the periportal leukocytic infiltra-

tion in liver cells, as well as causing DNA damage, in a study on rat embry-

onic development.44 Furthermore, doxycycline is considered a

nitrosatable drug, and maternal prescriptions of nitrosatable drugs have

also been associated with childhood ALL.15

While our findings should be considered exploratory, they sug-

gest associations between the prescription of beta-lactam antibacte-

rials (excluding penicillin) during pregnancy and the occurrence of

childhood hepatoblastoma. In contrast, a cohort study conducted in

Denmark and Sweden found no associations between maternal pre-

scriptions of other beta-lactam antibacterials and the risk of childhood

cancers (HR = 0.88; 95% CI: 0.50-1.57).9 Instead, penicillin, particu-

larly pivampicillin, were found to increase the risk of hepatic tumors in

offspring (HR = 8.31; 95% CI: 2.88-23.99).9 Cephalosporins, which

are commonly used beta-lactam antibacterials, have long been consid-

ered safe for pregnant women.45-47 To our knowledge, there is no

specific evidence available regarding the teratogenic or carcinogenic

effects of this group of medicines.

Our utilization of a data-linkage method that relies on compre-

hensive registries covering the entire population as a part of the

national insurance program minimizes the potential for participation

bias to occur. Furthermore, the integration of national insurance data

enabled us to gather clinical diagnoses for infections and medical pre-

scriptions independently and before the detection of cancer in the

offspring. This eliminates any potential for recall bias and ensures a

clear temporal relationship between the exposure and the outcome.

Nevertheless, the current study has certain limitations. While

clinical diagnoses of infections were typically documented using a

standardized coding system, it is likely that many common

infections—especially those of viral origin—were diagnosed solely

based on clinical presentation without being confirmed through

laboratory testing. This may introduce exposure misclassification.

However, such misclassification would have occurred regardless of

outcome status and would therefore be nondifferential, leading most

likely to a bias towards the null for binary exposures.

The presence of uncontrolled confounding is a possibility in our

study due to incomplete information on certain factors, such as

maternal vaccination and the use of over-the-counter supplements.

These factors could potentially be associated with both certain types

of cancer and the exposure status under investigation. However, since

there are only a limited number of established causes for childhood

cancers, the potential for uncontrolled confounding is minimal. It

should be noted that vaccination rates among pregnant women in

Taiwan appear to vary across diseases, ranging from 20% to 70%.48-51

Studies focusing on prenatal exposure and its impact on postnatal

outcomes may encounter live birth bias.52 This bias arises because

childhood cancers are only identified in children who were born

alive,52 while certain infections and antibiotic usage during pregnancy

have been linked to congenital malformations that are also associated

with higher rates of fetal loss and stillbirth.53,54 This bias may, for

example, explain the inverted U-shaped association in our study with

an increasing number of infections during pregnancy. Nevertheless,

the magnitude of this type of bias may be small.

Additionally, premature death could be an event competing with

the risk of a childhood cancer diagnosis. Our primary focus was to

investigate risk factors for childhood cancer and using the Cox model

assumes independent censoring. However, as child mortality is rare in

Taiwan,55 any bias due to dependent censoring is likely minimal.

Despite the inclusion of a substantial number of mother and child

pairs in our cohort, we are investigating rare diseases such that our

sample size is nevertheless limited especially for certain cancer types

and specific subcategories of exposure. Another limitation of our

study is the issue of multiple comparisons. However, it is worth noting

that the majority of associations observed in our study align with

those previously reported in the existing literature.

5 | CONCLUSION

This large population-based cohort study confirmed that there are

some associations between infections and antibiotic exposure during

pregnancy and childhood ALL. We also found some associations for

specific types of antibiotic prescriptions and hepatoblastoma, but

future investigations are required to confirm these results.
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