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To the Editor

Studies have assessed the risk of adverse outcomes in pregnant women with COVID-19 

infection compared with either pregnant women without COVID-19 infection, as in Villar 

et al,1 or women with COVID-19 infection who were not pregnant.2 Finding an appropriate 

reference group is a challenge for both study types. In Villar et al,1 COVID-19 diagnosis was 

defined as laboratory confirmation of infection or the presence of symptoms. The reference 

group was pregnant women without a COVID-19 diagnosis; a negative test result was not 

required because most countries did not perform universal testing in pregnancy. As the 

authors noted, this definition may result in exposure misclassification, which tends to bias 

results toward the null.

However, requiring a test result for asymptomatic exposed participants but not asymptomatic 

unexposed participants may bias the effect estimates upward. Test selection bias can occur 

when risk factors for the outcome of interest also increase the likelihood of testing and when 

testing is required for a participant to be classified as exposed or unexposed (Figure).3 

Outside of population-based screening, reasons for SARS-CoV-2 testing in pregnancy 

include symptoms of infection and, in asymptomatic women, the presence of factors 

associated with risk, such as preeclampsia symptoms. If a positive test result is required 

for inclusion of asymptomatic pregnant women as exposed, women with these risk factors 

are preferentially selected in the exposed group. In Villar et al,1 44% of women with positive 

test results were asymptomatic and likely had other reasons for being tested. Prevalence of 

preexisting conditions, such as overweight, diabetes, and hypertension, was higher in the 

exposed group. The observed differences could reflect selective testing of asymptomatic 
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women with these risk factors, true differences in rates of overall or symptomatic infection, 

or a combination of these. The authors adjusted for certain preexisting high-risk conditions, 

but residual test selection bias could exist if unknown or unmeasured shared risk factors for 

testing and adverse outcomes were present (Figure). In particular, the reported association 

between asymptomatic COVID-19 infection and preeclampsia could be partially explained 

by testing of women with gestational hypertension.

If a negative test result had been required for classifying asymptomatic pregnant women 

as unexposed, women with risk factors also associated with testing would be selected 

preferentially in the reference group, resulting in downward bias of the effect estimate. To 

avoid test selection bias, future prospective studies could enroll a random population-based 

asymptomatic negative-test-confirmed reference group from the same study population and 

at the same gestational age as participants with confirmed COVID-19 infection. Otherwise, 

studies need to adjust for risk factors and reasons for testing.
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Figure. Directed Acyclic Graph for Test Selection Bias
Requiring SARS-CoV-2 testing opens a noncausal path from COVID-19 diagnosis to 

adverse maternal outcomes through U2, unknown or unmeasured risk factors for adverse 

pregnancy outcomes that also increase the likelihood of testing. A similar noncausal path 

through preexisting high-risk maternal conditions can be blocked by adjusting for these 

variables. HTN indicates hypertension; U1, unknown or unmeasured common causes of 

COVID-19 infection and preexisting high-risk conditions; U2, unknown or unmeasured 

common reasons for SARS-CoV-2 testing and adverse maternal and neonatal outcomes.
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