UCSF

UC San Francisco Previously Published Works

Title

Maternal Infection in Pregnancy and Childhood Leukemia: A Systematic Review and Meta-
analysis

Permalink

https://escholarship.org/uc/item/443147zn

Authors

He, Jian-Rong
Ramakrishnan, Rema
Hirst, Jane E

Publication Date
2020-02-01

DOI
10.1016/j.jpeds.2019.10.046

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/443147zn
https://escholarship.org/uc/item/443147zn#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Pedliatr. Author manuscript; available in PMC 2021 February 01.

-, HHS Public Access
«

Published in final edited form as:
J Pedjatr. 2020 February ; 217: 98-109.e8. doi:10.1016/j.jpeds.2019.10.046.

Maternal Infection in Pregnancy and Childhood Leukemia: A
Systematic Review and Meta-analysis

Jian-Rong He, MScl:2:3, Rema Ramakrishnan, PhD1:3:4, Jane E. Hirst, PhD!, Audrey
Bonaventure, MD%8, Stephen S. Francis, PhD’, Ora Paltiel, MDCM8, Siri E. Haberg, PhD?,
Stanley Lemeshow, PhD10, Sjurdur Olsen, PhD!, Gabriella Tikellis, PhD12, Per Magnus,
PhD?, Michael F. G. Murphy, MScl, Joseph L. Wiemels, PhD13, Martha S. Linet, MD14,
Terence Dwyer, MPH1:3

INuffield Department of Women’s and Reproductive Health, University of Oxford, Oxford, UK

2Division of Birth Cohort Study, Guangzhou Women and Children’s Medical Center, Guangzhou
Medical University, Guangzhou, China

3The George Institute for Global Health, University of Oxford, Oxford, UK
4University of New South Wales, Sydney, Australia
SDepartment of Health Sciences, University of York, York

5Department of Non-Communicable Disease Epidemiology, London School of Hygiene & Tropical
Medicine, London, UK

"Division of Epidemiology, School of Community Health Sciences, University of Nevada, Reno,
NV

8Braun School of Public Health, Hadassah-Hebrew University Medical Center, Jerusalem, Israel
9Centre for Fertility and Health, Norwegian Institute of Public Health, Oslo, Norway
10Division of Biostatistics, College of Public Health, Ohio State University, Columbus, OH

11Center for Fetal Programming, Department of Epidemiology Research, State Serum Institute,
Copenhagen, Denmark

2population Epidemiology, Murdoch Children’s Research Institute, Royal Children’s Hospital,
University of Melbourne, Melbourne, Australia

B3Department of Preventative Medicine, University of Southern California, Los Angeles, CA

14Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD

Abstract

Objective—To summarize the published evidence regarding the association between maternal
infection during pregnancy and childhood leukemia.

Reprint requests: Terence Dwyer, MPH, The George Institute for Global Health, Hayes House, 75 George Street, Oxford, OX1 2BQ,
UK. terence.dwyer@georgeinstitute.ox.ac.uk.

The other authors declare no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Heetal.

Page 2

Study design—In this systematic review and meta-analysis (PROSPERO number,
CRD42018087289), we searched PubMed and Embase to identify relevant studies. We included
human studies that reported associations of at least one measure of maternal infection during
pregnancy with acute lymphoblastic leukemia (ALL) or all childhood leukemias in the offspring.
One reviewer extracted the data first using a standardized form, and the second reviewer
independently checked the data for accuracy. Two reviewers used the Newcastle-Ottawa Scale to
assess the quality of included studies. We conducted random effects meta-analyses to pool the ORs
of specific type of infection on ALL and childhood leukemia.

Results—This review included 20 studies (ALL, n = 15; childhood leukemia, n = 14) reported in
32 articles. Most (>65%) included studies reported a positive association between infection
variables and ALL or childhood leukemia. Among specific types of infection, we found that
influenza during pregnancy was associated with higher risk of ALL (pooled OR, 3.64; 95% ClI,
1.34-9.90) and childhood leukemia (pooled OR, 1.77; 95% CI, 1.01-3.11). Varicella (pooled OR,
10.19; 95% Cl, 1.98-52.39) and rubella (pooled OR, 2.79; 95% CI, 1.16-6.71) infections were
also associated with higher childhood leukemia risk.

Conclusions—Our findings suggest that maternal infection during pregnancy may be associated
with a higher risk of childhood leukemia.

Leukemia, the most common cancer in children, accounts for about one-third of all
childhood cancers worldwide.! Evidence has shown that acquired genetic mutations that
initiate childhood leukemia occur in utero.? Factors affecting genetic stability and cell
growth pathways in the fetus may be responsible for a significant proportion of childhood
leukemia.

Maternal infection during pregnancy has long been a suspected risk factor for childhood
leukemia.3# Infectious agents with oncogenic potential may transfer from mother to fetus,
leading to genomic instability.> Alternately, fetal infection may lead to immune tolerance
because the adaptive immune response in the fetus is immature. This tolerance would allow
the long-term persistence of the virus and proliferation of infected cells, resulting in a high
viral load.®:” Maternal infection may also affect the development of the immune system in
the fetus without transplacental transmission.® Levels of several cytokines at birth are
different between children who develop acute lymphoblastic leukemia (ALL) and matched
controls,®10 suggesting a role for dysregulated immune function at birth in the development
of leukemia. There are, therefore, several plausible mechanisms that might explain the
contribution of a specific type of maternal infection or infection in general to childhood
leukemia.

The epidemiologic evidence for the association between maternal infection during
pregnhancy and childhood leukemia has accumulated steadily over the past 6 decades, but
with inconsistent findings. Investigated types of infections range from specific pathogens
(eg, cytomegalovirus [CMV]) to more general systemic infection (eg, urinary tract
infection), based on data collected using laboratory tests, self-report, or medical records. A
narrative review published in 2013 found that 11 of 16 articles reported that maternal
infection was associated with an increased risk of childhood leukemia.ll Other reviews of
the association with infection at any point before childhood leukemia have only highlighted
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a small number of studies on the contribution of maternal infection.12-14 However, there has
been no systematic review or meta-analysis of this association. Furthermore, evidence from
studies using laboratory techniques (eg, examining viral DNA15-17) has not been
summarized and reviewed. We, therefore, conducted a systematic review and meta-analysis
to determine whether any maternal infection or specific types of infection during pregnancy
was associated with childhood leukemia risk in the offspring.

The protocol of this systematic review and meta-analysis was registered in PROSPERO
(CRD42018087289). We followed the PRISMA guidelines. Because ALL is the largest
subgroup of childhood leukemia and relatively homogenous with regards to cell lineage, we
used ALL as the primary outcome and all childhood leukemias (not categorized) as the
secondary outcome.

We searched PubMed and Embase from inception through January 16, 2018, without
language restriction. The search terms and strategy are shown in Table | (available at
www.jpeds.com). We also screened the reference lists of included studies. All identified
items were imported into Covidence (Veritas Health Innovation, Melbourne, Victoria,
Australia), a systematic review software. An updated search was performed through July 17,
2018, with no additional eligible studies identified.

We included studies that were conducted in humans, reported associations between =1
measure of maternal infection during pregnancy, and used ALL or childhood leukemia as the
outcome in the offspring up to the age of 19 years. Maternal infection during pregnancy can
be measured using self-reported questionnaires, medical records, or biospecimens (eg,
maternal blood during pregnancy, cord blood, or neonatal dried blood spot). It is possible
that any infectious agent detected by dried blood spot was acquired after birth. However,
because most causes of early onset neonatal sepsis (ie, clinical infection in the first week of
life) are acquired from the mother either in utero or during the birth process, it was felt that
infections detected on dried blood spot were most likely to be from maternal infection rather
than postnatal exposures. We excluded studies that (1) were reviews, comments, case
reports, or conference abstracts, (2) did not measure maternal infection at the individual
level (eg, ecological study), (3) only reported results for maternal infection at times other
than during pregnancy, (4) used indirect markers for maternal infections (eg, antimicrobial
use, vaccination), (5) were restricted to children of specific subgroups (eg, children with
trisomy 21), or (6) did not have a full-text article in English. Conference abstracts!8 were
excluded from the final review and analysis, but were used to trace relevant full reports via
additional searches or by contacting the authors. We also tracked full reports for research
letters. 19

The authors first screened titles and abstracts independently to identify potentially relevant
papers, and then assessed the full text for eligibility. Any disagreement was resolved by
discussion between the 2 reviewers and/or a third reviewer.
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Data Extraction and Quality Assessment

One reviewer extracted the data first using a standardized form, and the second reviewer
independently checked the data for accuracy. Disagreements were resolved by discussion
between the 2 reviewers and/or a third reviewer. Extracted data items included authors,
publication year; study design, study period, sources of participants, matching variables;
sample size, country of origin, age at diagnosis of childhood leukemia; type, timing, and
measurement method of maternal infection; type (ALL and/or childhood leukemia) and
ascertainment method of leukemia; effect size (point estimate and 95% CI) and adjustment
variables. When the effect estimate was not reported, we collected raw data of cell counts
(details in the Appendix; available at www.jpeds.com). Duplicated publications were
identified based on the description of study population, data source, study period, and
authors. When multiple articles from a study were identified on the same exposure and
outcome variables, only the report with the largest sample size was included; however, if the
study samples were independent, they were treated as separate studies.2%-21 When multiple
reports from the same study reported different exposures (infections), data were first
extracted from each report separately and then linked across multiple reports. These multiple
reports of a study were treated as a single study. Authors of 7 studies reported in 14 articles
were contacted for additional information or clarification,17:20.22-33 and 5 studies17.22:25-33
responded, among which 2 provided clarification.17:25-31

Two reviewers used the Newcastle-Ottawa Scale (NOS) to assess the quality of included
studies. Consisting of 9 items, the NOS assesses the following domains3#: selection (4
items), comparability (2 items), and ascertainment of exposure/outcome (3 items). One star
is awarded if the study meets 1 assessment item. We used birth date and maternal
socioeconomic status for comparability assessment. High-quality studies were defined as
those with a NOS score of =7, medium-quality as a score of 4-6, and low-quality as a score
of <3.

Statistical Analyses

Based on the potential mechanisms we mentioned elsewhere in this article, it is possible that
both infections in general and specific types of infection can contribute to childhood
leukemia. We performed qualitative and quantitative syntheses depending on the infection
variables examined to examine the possible broad effects (including immunologic response)
of maternal infection; we used an aggregate variable referred to as a “proxy for any
infection”. For those studies that reported effect estimates for more than one infection, we
included only the infection variable with the highest prevalence in that study as a proxy for
any infection. In studies where the association was reported only for a specific infection, we
included this infection variable as proxy for any infection in the meta-analysis. Owing to
substantial differences in the definition of proxy for any infection and high heterogeneity in
effect estimates across studies, a formal meta-analysis was not appropriate; hence, we only
qualitatively summarized results for this exposure variable. For each specific type of
infection, we conducted quantitative synthesis (meta-analyses) if =2 studies presented effect
estimates. When studies reported multiple types of immunoglobulins, we selected IgM as the
measure of the specific infection given high level of IgM represents recent occurrence of
infection (details in the Appendix). We used random effect models (DerSimonian-Laird
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method3®) to pool study-level effect measure of association between specific infections and
childhood leukemia (ALL and childhood leukemia separately). We used the Cochran Q test
and the 12 statistic to assess the heterogeneity across studies. A Pvalue of <.10 for the
Cochran Q test was used to indicate heterogeneity. An 12 value of =50% suggests substantial
heterogeneity.36

We used the ORs to perform data syntheses (qualitative and quantitative syntheses) as it was
the only effect measure reported in included studies. If the OR was not reported, we used
data of cell counts, constructed 2 x 2 tables and calculated the crude OR. We added 0.5 to all
cells before OR calculation when there was a null value in 1 of the 4 cells. Two studies, 1 for
ALL24 and 1 for childhood leukemia,?3 were excluded from the meta-analysis because the
effect estimates and/or 95% Cls was not reported and could not be computed. An additional
study was excluded from the data synthesis for childhood leukemia because of its low
quality.3” When >2 types of controls were reported, we only used results for the one that was
closest to the concept of population-based controls (community controls rather than cancer
controls?4) or, alternatively, with the results with the best matching criteria.

Prespecified subgroup analyses were performed based on exposure measurement method
(self-report, medical record, or laboratory test), study design (case-control, nested case-
control, or cohort study), study region (Europe, North America, or others), and study quality
(high or medium quality). Differences in effect estimates across subgroups were explored by
random effects meta-regression. Prespecified sensitivity analysis was performed by
excluding studies with less than ten subjects with exposure/outcome. We also repeated the
meta-analysis by excluding studies that included cases >19 years of age or that combined the
exposure periods 3 months before pregnancy and pregnancy. We used the Egger bias test38
and a funnel plot to assess the publication bias. Subgroup analysis, sensitivity analysis, and
publication bias analysis were performed for the most frequently reported type of infection
(ie, influenza). We did not conduct subgroup, sensitivity or publication bias analyses for the
other specific types of infection due to the small number of studies. All analyses were
performed using STATA software (version 14.0, Stata Corp LP, College Station, Texas).

Of 2072 records identified, 118 were eligible for full-text assessment. After further
excluding 86 articles based on our exclusion criteria, the remaining 32
articles34:15-17.20-33,37.39-50 consjsted of 20 independent studies included in this review
(Figure 1; available at www.jpeds.com). A selection of excluded studies and the reasons for
exclusion are listed in Table Il (available at www.jpeds.com).

Characteristics of Included Studies

The characteristics of 20 studies (32 individual publications) are shown in Table Il1. Of
these, 13 were case-control, 4 nested case-control, and 3 cohort studies. Twelve studies used
nonlaboratory data (self-report or medical records) for exposure assessment, 6 used
laboratory data (DNA or immunoglobulin presence in maternal serum during pregnancy or
neonatal blood spot at birth), and 2 used both nonlaboratory and laboratory data depending
on the type of infection investigated. A total of 3559 ALL cases and 79 619 non-ALL
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controls (from 15 studies), 7115 childhood leukemia cases and 88 611 non-childhood
leukemia controls (from 14 studies) were included. Out of a maximum of 9, the NOS scores
of the 32 articles published from the 20 studies, ranged from 3 to 8 (median, 7): 17 articles
were high quality (score of =7), 14 medium quality (score of 4-6), and 1 low quality (score
of <3) (Table 1V; available at www.jpeds.com). For ALL, 15 studies investigated 37 different
infection variables: 26 (70%) were viral or virus-related infection, 7 (19%) systemic
symptoms (eg, urinary tract infection), 3 bacterial (including 1 chlamydia and 1
mycoplasma), and 1 fungal infection (Table V; available at www.jpeds.com). For childhood
leukemia, 14 studies investigated 29 infections: 17 (59%) viral or virus-related infection, 8
(28%) systemic symptoms, 3 bacterial (including 1 chlamydia and 1 mycoplasma), and 1
fungal infection (Table VI; available at www.jpeds.com).

Qualitative Evaluation for a “Proxy for Any Infection”

Fourteen studies provided data on effect estimates for ALL and proxy for any infection, with
study-level ORs ranging from 0.58 to 11.36 (Figure 2). Of these studies, 10 (71%) reported
point estimate ORs of >1, of which 4 were statistically significant (ORs ranging from 2.02 to
11.36). For the 12 studies that had data on ORs for childhood leukemia, 8 (67%) showed
proxy for any infection as a risk factor (OR > 1), of which 4 were statistically significant
(ORs ranging from 1.55 to 9.09).

Meta-analysis of Specific Types of Infection

Seven types of infections were included in the meta-analyses for ALL. These included
influenza (n = 4), urinary tract infection (n = 2), viral infection (n = 5), CMV (n = 3),
Epstein-Barr virus (n = 3), human herpesvirus type 6 (n = 2), and species C adenovirus (n =
3). Among them, influenza during pregnancy was associated with a higher risk of ALL
(pooled OR, 3.64; 95% ClI, 1.34-9.90; 12 = 54.7%). Both CMV (pooled OR, 3.00; 95% ClI,
0.92-9.80; 12 = 79.0%) and species C adenovirus (pooled OR, 3.69; 95% CI, 0.82-16.57; 12
= 23.8%) showed an increased risk, but associations were not statistically significant and
numbers of studies were low (Figure 3).

For childhood leukemia, 12 infections were included in meta-analyses, including
genitourinary infection (n = 2), herpes simplex (n = 2), herpes zoster (n = 2), infectious
hepatitis (n = 2), influenza (n = 6), mumps (n = 2), rubella (n = 3), urinary tract infection (n
= 3), varicella (n = 2), viral infection (n = 6), CMV (n = 2), and Epstein-Barr virus (n = 2).
Influenza (pooled OR, 1.77; 95% ClI, 1.01-3.11; 12 = 64.4%), rubella (pooled OR, 2.79; 95%
Cl, 1.16-6.71; 12 = 0%), and varicella (pooled OR, 10.19; 95% CI, 1.98-52.39; 12 = 0%)
infections were significantly associated with a higher risk of childhood leukemia (Figure 4).
There were no significant associations observed for other types of infections.

Subgroup analyses for influenza showed that pooled ORs among cohort studies seemed to
be higher than those in case-control studies (eg, pooled OR, 7.91 [95% CI, 1.83-34.24]448
vs pooled OR, 2.10 [95% Cl, 1.35-3.27]3245 for ALL), but the P value for the interaction
was >.1; both groups had lower heterogeneity compared with the overall analysis (Table VII;
available at www.jpeds.com). The pooled ORs across different stratum of measurement
method, study region, or study quality were similar. Sensitivity analyses excluding studies
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with <10 subjects with exposure/outcome or excluding studies with cases >19 years of age
had similar results to the overall analysis, although the Cls were wider (Table VIII; available
at www.jpeds.com). When excluding studies that combined the exposure periods 3 months
before pregnancy and pregnancy, the pooled ORs (eg, pooled OR, 6.87 [95% CI, 2.57-
18.42] for ALL) seemed to be higher than those in overall analysis (pooled OR, 3.64 [95%
Cl, 1.34-9.90] for ALL).

Assessment of Publication Bias

Funnel plots appear symmetrical (Figure 5; available at www.jpeds.com), and the Egger test
revealed that there was no evident publication bias or small-study effects (P values of >.4).
The potential for publication bias for other infections could not be assessed owing to the
small number of studies.

Results for Studies Not Included in Data Synthesis (Qualitative or Quantitative)

Among the infections not included in the meta-analysis because only 1 study reported the
effect estimate, an increased risk of ALL and childhood leukemia was observed for lower
genital tract infection (pooled OR, 1.63 [95% CI, 1.04-2.53] for ALL, 1.78 (pooled OR,
1.17-2.72) for childhood leukemia), sexually transmitted diseases (pooled OR, 6.65 [95%
Cl, 1.37-32.38] for ALL, 7.59 [95% ClI, 1.58-36.56] for childhood leukemia), and
mycoplasma pneumoniae (pooled OR, 1.6 [95% ClI, 1.0-2.6] for ALL, 1.6 [95% ClI, 1.0-
2.5] for childhood leukemia) (Tables V and VI1). Varicella infection was associated with
higher risk of ALL (pooled OR, 17.2; 95% Cl, 1.55-190.07) (Table V).

Discussion

In this systematic review and meta-analysis, we found that 3 types of infection (influenza,
varicella, and rubella) were significantly associated with a higher risk of ALL and/or
childhood leukemia, although numbers of studies were small. For the hypothesis of any
infection, we were unable to perform a quantitative synthesis because of the high
heterogeneity across studies; however, most of included studies reported a positive
association of childhood leukemia when we used a variable of proxy for any infection.

Among the specific infections, the meta-analysis results for influenza seemed to be more
robust, based on the number and quality of studies and sample size. However, the results
should be interpreted with some degree of caution given there was substantial heterogeneity
across studies reporting on influenza. This finding may be explained by study design (cohort
vs case-control study) and different methods (self-reports, medical records, or 2 combined)
used to collect influenza data across studies. We also found rubella and varicella infections
during pregnancy were associated with increased risk of childhood leukemia, despite the
small number of studies. It has been shown that these 2 infections may be transmitted from
the mother to the fetus and cause congenital or neonatal infection®1:52; thus, they are more
likely to directly affect the fetus/child. However, further studies are needed to confirm the
findings on these 2 infections.

The strengths of our review include its adherence to a registered protocol, methodologic
advantages, no obvious evidence publication bias, and consistent results in sensitivity
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analyses, suggesting the robustness and validity of our findings. Several limitations,
however, should be noted. First, few studies reported results for a variable of any infection;
thus, it was difficult to test our hypothesis that any infection might be linked with childhood
leukemia via general immunologic response. To address this issue, we used a specific type
of infection as a proxy to represent any infection for studies that did not report a variable of
any infection. However, the high heterogeneity across studies precluded a meta-analysis for
this proxy variable. Second, for the meta-analysis of specific infections, and relatively strong
associations were observed for varicella and rubella and childhood leukemia, the number of
studies were too small to draw confident conclusions. Third, we were unable to perform
subgroup analyses by exposure timing, age at diagnosis, and race/ethnicity because very few
studies reported results stratified on these variables. Fourth, most of the included studies
failed to adjust for socioeconomic status or other maternal characteristics such as age and
obesity, which are potential confounders.53-55 Therefore, the associations observed in the
original individual studies as well as in our meta-analyses might be confounded by =1
factors.

The findings from this systematic review highlight the lack of consistent epidemiologic
evidence to support an association for specific infections and childhood leukemias. However,
plausible biological mechanisms have been reported in studies examining in utero exposures
to maternal infections and childhood cancer. Besides the genetic and immunologic
mechanisms that we outlined elsewhere in this article, fetal infection may initiate immune
dysregulation, through initial B-cell sensitization during programming of central tolerance,
thereby altering adaptive immune response independent of viral load and cryptically
contributing to leukemia. Another possibility is that maternal infections (especially those
leading to severe illnesses) might result in adverse and other pregnancy outcomes, for
example, cesarean delivery®®:57 and shorter gestational length38 that, in turn, increase the
risk of childhood leukemia.>*>9 In addition, it is possible that the use of antibiotics or other
medications to treat infection and related symptoms, rather than the infection itself, could be
related to the risk of leukemia. Whether the medication use acts as a mediator or directly on
the causal pathway requires further investigation.

Although this review does not include postnatal infections, it is important to distinguish
timing of infection and leukemia risk. A popular theory known as the delayed infection or
hygiene hypothesis posits that a paucity of infections early in life may increase the risk of
childhood leukemia.2:6% Our analysis focused on the pregnancy window and suggests that
maternal infections during pregnancy are associated with childhood leukemia. As
mentioned, maternal infection might alter the fetal immune system development, and one
might hypothesize that this alteration may become overt in childhood if there is no
correction by the early (postnatal) exposure to infection. However, we were not able to
investigate this possibility with the evidence currently available. Further research is needed
to understand critical windows of infection, and interaction by timing of infections to further
elucidate temporally varying risk and the underlying mechanism of leukemogenesis.

Our findings suggest directions for future epidemiologic research on this topic. The
observation that the association of influenza was stronger in cohort studies than case-control
studies suggests that there should be more emphasis on this study design in the future. Not
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only would this approach reduce the possibility of recall bias, it would provide a greater
opportunity for obtaining predisease biospecimens. However, adequately powered
prospective studies in this field are scarce owing to the rarity of childhood leukemia. In
addition, given that limited information was available on exposure timing, age at diagnosis
and race/ethnicity among the studies included in our review, future studies should also
explore whether the relationship between maternal infection and childhood leukemia varies
across different strata of these factors.

Our findings suggest that, although based on a small number of studies, specific infections
during pregnancy are associated with childhood leukemia. These findings justify the need
for further research; however, they should not be used as a basis for supporting specific
preventive measures. Further studies are needed to confirm our findings, ideally with larger
sample sizes, including a greater collection of prospective evidence, and more accurate
methods for detecting and measuring infection. &

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study selection flow chart.
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A Acute lymphoblastic leukaemia

Page 14

Study Infection variable n (case/non-case) OR (95% ClI)
Francis 20171 CMV 268/270 —_— 3.71 (1.71, 8.95)
Bogdanovic 20167 HHV-6 95/95 —_— 0.67 (0.11, 4.08)
Bzhalava 2016 Anelloviridae 26/47 —_—r 0.58 (0.17, 1.97)
Tedeschi 2009% EBV 561/1679 —— 0.90 (0.50, 1.80)
Gustafsson 20072° Species C adenovirus 49/47 —_— 5.30 (1.40, 20.00)
Kwan 200732 Influenza/pneumonia 311/398 —— 2.02 (1.28, 3.18)
Lehtinen 20034 HHV-6 342/1028 —r 0.80 (0.60, 1.20)
Naumburg 200242 Overall infection 578/578 r— 1.22 (0.92, 1.63)
McKinney 19994 Overall infection 124/236 - 1.44 (0.81, 2.55)
Roman 19974 Viral infection 113/226 ————— 4.00 (0.70, 21.80)
Fine 19854 Viral infection 4/5041 2.89 (0.30, 27.82)
vanSteensel-Moll 19854 Viral infection 519/507 —1— 1.40 (0.70, 3.10)
Heinonen 1973% Spontaneous viral infection 2/50895 3.14 (0.15, 65.33)
Fedrick 19724 Influenza 10/17740 —_— 11.36 (3.20, 40.28)
T T
0.1 1 10 100
B Childhood leukaemia
Study Infection variable n (case/non-case) OR (95% CI)
Tedeschi 2009%' EBV 705/2105 — 0.89 (0.49, 1.62)
Kwan 200732 Influenza/pneumonia 365/460 —— 1.77 (1.17, 2.68)
Lehtinen 2003*' HHV-6 403/1216 — 0.80 (0.60, 1.20)
Naumburg 200242 Overall infection 652/652 re— 1.25 (0.95, 1.64)
Dockerty 19994 Influenza 121/303 —_— 0.58 (0.24, 1.41)
McKinney 19994 Overall infection 144/271 T 1.43 (0.85, 2.42)
Roman 19974 Viral infection 143/286 —_— 6.00 (1.20, 29.70)
Gardner 1990% Viral infection 35/103 —_—t 1.23 (0.22, 7.04)
Fine 19854 Viral infection 6/5039 —_— 1.93 (0.35, 10.53)
Bithell 197322 Influenza 4219/9074 —— 1.55 (1.06, 2.27)
Heinonen 1973% Spontaneous viral infection 8/50889 € 0.92 (0.05, 15.98)
Fedrick 19724 Influenza 11/17739 —_— 9.09 (2.77, 29.80)
T I T
0.1 1 10 100

Figure 2.
Qualitative summary of a proxy of any infection for A, ALL and B, all childhood leukemias.

EBV;, Epstein-Barr virus; HHV-6, human herpesvirus type 6.
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Study n (case/non-case) R (95% Cl) Weight (%)
Influenza
Kwan 20073 311/398 - 2.02 (1.28, 3.18) 45.09
Roman 19974 113/226 . 3.87 (0.64, 23.49) 19.04
Fine 1985 4/5041 ¢ * 1.69 (0.07, 41.51) 8.17
Fedrick 1972¢ 10/17740 — 11.36 (3.20, 40.28) 27.70
Subtotal (I-squared = 54.7%, p = 0.085) <> 3.64 (1.34, 9.90) 100.00
Urinary tract infection
Kwan 20072 311/398 —— 0.70 (0.42, 1.17) 52.90
Naumburg 20024 578/578 —— 1.92 (0.95, 3.85) 47.10
Subtotal (I-squared = 80.8%, p = 0.023) <> 1.13(0.42, 3.02) 100.00
Viral infection
McKinney 1999 124/236 —_—— 0.95 (0.28, 3.22) 21.52
Roman 19974 113/226 - 4.00 (0.70, 21.80) 10.84
Fine 1985 4/5041 —_— 2.89 (0.30, 27.82) 6.25
vanSteensel-Moll 19854  519/507 — 1.40 (0.70, 3.10) 57.90
Heinonen 1973% 2/50895 * 3.14 (0.15, 65.33) 3.48
Subtotal (I-squared = 0.0%, p = 0.671) '<> 1.55 (0.88, 2.74) 100.00
CMV
Francis 2017 268/270 — 3.71 (1.71, 8.95) 39.74
Lehtinen 2003%' 342/1028 - 1.30 (0.90, 1.90) 47.02
Fine 1985% 4/5041 ———) 30.92(1.92, 498.87) 13.24
Subtotal (I-squared = 79.0%, p = 0.009) <> 3.00 (0.92, 9.80) 100.00
EBV
Francis 2017 268/270 - 1.01(0.42, 2.42) 21.89
Tedeschi 20092 561/1679 o 0.90 (0.50, 1.80) 33.31
Lehtinen 2003*' 342/1028 - 1.80 (1.10, 2.90) 44.80
Subtotal (I-squared = 39.5%, p = 0.192) <> 1.26 (0.78, 2.03) 100.00
HHV-6
Bogdanovic 2016"" 95/95 ke 0.67 (0.11, 4.08) 3.53
Lehtinen 2003*' 342/1028 P 0.80 (0.60, 1.20) 96.47
Subtotal (l-squared = 0.0%, p = 0.846) C' 0.79 (0.57, 1.12) 100.00
Species C adenovirus
Honkaniemi 20103 243/484 —T—— 10.03 (0.48, 209.77) 20.21
Vasconcelos 2008 89/100 ——T 0.37 (0.01, 9.21) 18.42
Gustafsson 2007 49/47 = 5.30 (1.40, 20.00) 61.36
Subtotal (I-squared = 23.8%, p = 0.269) '<> 3.69 (0.82, 16.57) 100.00
NOTE: Weights are from random effects analysis
T T
0.1 1 10

Figure 3.
Meta-analysis of specific type of infection for ALL (A, nonlaboratory data; B, laboratory

data). The study of Fine et al 1985 used both self-report or medical record data for CMV.
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Study n (case/non-case) OR (95% Cl) Weight (%)

A Genitourinary infection I

McKinney 1999%  144/271 —— 1.36 (0.66, 2.83) 76.99
Stewart 1958° 619/619 _— 2,69 (0.71, 10.18) 23.01
Subtotal (-squared = 0.0%, p = 0.379) > 1.59 (0.84, 3.01) 100.00

Herpes simplex

Dockerty 19994 121/303 — 0.70 (0.25, 1.99) 75.84
Roman 1997+ 143/286 ——T——+—— 6.03(0.24, 149.00) 24.16
Subtotal (I-squared = 36.2%, p = 0.210) B 1.18(0.19,7.17) 100.00

Herpes zoster

Fine 19854 6/5039 ————+————) 7.44(0.35, 156.48) 38.36
Stewart 1958° 619/619 B 200 (0.18, 22.15) 61.64
Subtotal (I-squared = 0.0%, p = 0.507) - 3.31(0.50, 21.86) 100.00

Infectious hepatitis

Fine 19854 6/5039 — e 2.42(0.12, 50.56) 52.61
Stewart 1958° 619/619 3.00(0.12,73.91) 47.39
Subtotal (I-squared = 0.0%, p = 0.923) e — 2.68 (0.30, 24.31) 100.00
Influenza
Kwan 2007 365/460 -] 1.77 (1.17, 2.68) 28.42
Dockerty 1999 121/303 — 0.58 (0.24, 1.41) 18.34
Roman 19974 143/286 —_— 3.04 (0.50, 18.42) 7.56
Fine 1985 6/5039 ——— 1.01(0.05, 21.13) 3
Bithell 19737 4219/9074 e 1.55 (1.06, 2.27) 29.12
Fedrick 1972* 1117739 —_— 9.09 (2.77, 29.80) 13.45
Subtotal (l-squared = 64.4%, p = 0.015) 1.77 (1.01, 3.11) 100.00
Mumps
Fine 1985 6/5039 1.12 (0.05, 23.38) 52.63
Stewart 1958° 619/619 3.00(0.12, 73.91) 47.37
Subtotal (l-squared =0.0%, p = 0.661) 1.79 (0.20, 16.20) 100.00
Rubella
Roman 19974 143/286 6.03 (0.24, 149.00) 7.51
Fine 1985 6/5039 1.88 (0.17, 20.79) 13.39
Bithell 19737 4219/9074 2.77 (1.03, 7.44) 79.09
Subtotal (l-squared = 0.0%, p = 0.850) 2.79(1.16,6.71) 100.00
Urinary tract infection
Kwan 2007% 365/460 0.68 (0.42, 1.09) 50.74
Naumburg 2002 652/652 1.27 (0.69, 2.34) 38.09
Dockerty 1999%  121/303 0.56 (0.15, 2.16) 1117
Subtotal (l-squared = 30.3%, p = 0.238) 0.84 (053, 1.35) 100.00
Varicella
Fine 1985 6/5039 8.59 (1.20, 61.19) 69.49
Bithell 1973 4219/9074 15.06 (0.78, 291.73) 30.51
Subtotal (-squared = 0.0%, p = 0.757) 10.19 (1.98, 52.39) 100.00
Viral infection
McKinney 1999+ 144/271 < 1.18 (0.38, 3.68) 35.64
Roman 19974 143/286 |_+_ 6.00 (1.20, 29.70) 17.87
Gardner 1990 35/103 0 1.23(0.22,7.04) 15.32
Fine 1985 6/5039 T 1.93 (0.35, 10.53) 15.95
Heinonen 1973% 8/50889 — 0.92 (0.05, 15.98) 5.65
Stewart 1958° 619/619 -1 4.02 (0.45, 36.07) 9.56
Subtotal (l-squared =0.0%, p =0.611) <> 1.91(0.97, 3.75) 100.00
B Cmv
Lehtinen 2003*' 403/1216 S 1.10 (0.80, 1.60) 60.61
Fine 1985% 6/5039 ——+—) 15.46(1.39, 172.23) 39.39
Subtotal (I-squared = 77.9%, p = 0.033) I 312(0.25,39.14) 100.00
EBV
Tedeschi 2009*' 705/2105 | 0.89 (0.49, 1.62) 46.55
Lehtinen 2003*' 403/1216 o 1.90 (1.20, 3.00) 53.45
Subtotal (I-squared = 74.3%, p = 0.049) < 1.33 (0.63, 2.81) 100.00
NOTE: Weights are from random effects analysis
T T T
0.1 1 10 100

Figure 4.
Meta-analysis of specific type of infection for all childhood leukemias (A, nonlaboratory

data; B, laboratory data). The study of Fine et al 1985 used both self-report or medical
record data for CMV.
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A Acute lymphoblastic leukemia
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Figure5.
Funnel plots of influenza for A, ALL and B, all childhood leukemias.
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