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as those affecting the mother, fetus or the delivery. The 
ML algorithm was trained on retrospective international 
dataset, gathered from three countries (Canada, Austria, 
and Germany) and employed a set of 25 selected variables 
including demographics, patient and pregnancy char-
acteristics (BMI, gravidity, parity, pre-existing diseases, 
maternal age, smoking, medications, multiple pregnancy, 
fetal growth, etc.), patient comorbidities, respiratory 
parameters, presenting symptoms, clinical signs and lab-
oratory markers collected at timing of positive test (e.g., 
Soluble fms-like tyrosine kinase 1 and placental growth 
factor ratio, thrombocytopenia, haemoglobin, transami-
nase or haptoglobin levels, etc.). The model achieved a 
remarkable and clinically relevant accuracy of about 90%.

Cautions in addressing prediction of adverse obstetric 
outcomes related to Covid-19
Although several studies developed COVID-19 prog-
nostic models using ML, that of Young et al. is the first 
to present a specific algorithm for the particularly vul-
nerable population of pregnant individuals. Despite the 
model needing external validation before it can be rec-
ommended for routine clinical use, it potentially presents 
clinically relevant results, favoring the identification of 

Background
SARS-Cov-2 (Severe Acute Respiratory Coronavirus 2) 
infection confers a significant risk increase for adverse 
pregnancy outcomes, including maternal-neonatal mor-
bidity and mortality, pre-eclampsia, maternal adiposity 
and gestational diabetes, preterm birth, stillbirth, and 
perinatal death [1–6]. The risk is higher when the infec-
tion occurs during the first or second trimester of preg-
nancy, necessitating increased monitoring and prenatal 
care [6]. Despite a growing body of evidence, no study has 
used artificial intelligence (AI), machine learning (ML), 
or data mining to inform global healthcare policies for 
COVID-19 in pregnancy. A recent publication in BMC 
Pregnancy and Childbirth by Young and collaborators 
[7] filled this knowledge gap with a retrospective cohort 
study of 1501 pregnancies testing positive for SARS-
CoV-2-infection. The authors used ML models aiming 
at prediction of adverse pregnancy outcomes, stratified 
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Abstract
SARS-CoV-2 infection poses a significant risk increase for adverse pregnancy outcomes both from maternal and 
fetal sides. A recent publication in BMC Pregnancy and Childbirth presented a machine learning algorithm to predict 
this risk. This commentary will discuss potential implications and applications of this study for future global health 
policies.
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individuals at high-risk that can benefit of additional sur-
veillance, early hospital admission and therapy.

The risks of adverse pregnancy outcomes associated 
with SARS-CoV-2 infection are well established, with 
placental inflammation identified as a primary patho-
genetic mechanism encompassing a cascade of events 
eventually leading to placental dysfunction [8]. However, 
most of the currently available knowledge was collected 
during earlier waves of the pandemic, when the predomi-
nant SARS-CoV-2 variants were different from those cur-
rently present. Since the introduction of safe and effective 
COVID-19 vaccines, a great step was achieved toward 
prevention of maternal-neonatal morbidity and mortality 
due to COVID-19 in pregnancy with significant lessen-
ing of the clinical course and reduced risks of obstetric 
complications with the additional benefit of conferring 
passive immunity the neonates. Recent major evidence 
showed that COVID-19 vaccination during pregnancy 
is safe and effective [9], even against the latest emerg-
ing viral variants, including Omicron, with significantly 
reduced rates of complications in vaccinated individuals 
[10].

In view of this, it is unfortunate that Young and col-
leagues did not include vaccination status and viral vari-
ants of concern in their prognostic model, however we 
believe these can be easily added in the future. Viruses 
have a highly variable and mutagenic nature, and global 
health policies use various strategies during pandemic 
waves, including vaccinations. These factors may render 
a single model inadequate to account for all this variabil-
ity. Finally, the current model explores a composite out-
come group, which does not allow specific indications on 
the type of interventions to be applied.

As such, the model proposed by Young and colleagues 
showed the limitations described, however they do not 
hamper its clinical utility and potential for being updated 
prospectively.

Implications and future directions of machine learning 
approaches in Covid-19 era
COVID-19 pandemic broke out during the era of big data 
and exponential growth in data analytics.

Indeed, in the past two decades, the applications of 
AI and ML in healthcare have experienced significant 
advancements due to the maturity of electronic health 
records and the introduction of ML-based clinical deci-
sion support systems. These technologies have been 
widely implemented in healthcare to address Covid-
19-related challenges, supporting decision-making and 
providing enormous social value in safeguarding public 
health. Bastani and colleagues [11] proposed an efficient 
and targeted COVID-19 border testing approach using 
a reinforcement learning system named Eva. Similarly, 
Pfaff et al. [12] developed an Extreme Gradient Boosting 

(XGboost) ML model capable of accurately identifying 
potential long COVID-19 patients, with high efficiency 
and accuracy.

The study by Young and colleagues introduced a high-
performing ML-based prognostic tool specifically for 
pregnant individuals with COVID-19. The authors tested 
several ML models and found that the Random Forest 
model achieved the best performance, correctly identify-
ing the outcome in 83.3% of high-risk patients and 92.5% 
of low-risk patients, with an overall accuracy of 89.0%, 
an AUC of 0.90 (95% CI 0.83 to 0.95), and recall, preci-
sion, and F1 score of 0.85, 0.94, and 0.89, respectively. 
The algorithm was implemented using a Random For-
est model, an ensemble learning method that constructs 
multiple decision trees during training and outputs the 
mean prediction (regression) of the individual trees [13]. 
The multiple decision trees are built on a random subset 
of features and data points, which improve the model’s 
generalization and reduce the likelihood of overfitting 
[13]. The Random Forest model as compared to simpler 
models (such as single decision trees) offers the advan-
tage of estimating features importance, assisting in their 
selection. Data mining is essential for extracting valuable 
information from large volumes of data and transforming 
it into an interpretable structure for further analysis. This 
is particularly important for COVID-19, as the infec-
tion has been highly variable over time due to the influ-
ence of different virus variants and mutable population 
immunity.

Conclusions
Despite some limitations, the model presented by Young 
and collaborators can help identifying early warning 
signs by an AI and ML workflow. This will facilitate a 
shift towards personalized medicine, with patient-based 
monitoring and care tailored to their expected progno-
sis. The need to shift healthcare delivery from a passive 
approach to a proactive and predictive method is becom-
ing crucial and powerful ML-based models of outcome 
prediction are required in current medical practice to 
achieve this aim. Despite COVID-19 “no longer consti-
tutes a public health emergency of international concern” 
as declared in a very recent World Health Organization 
statement [14], SARS-Cov-2 did not vanish, and we must 
continue supporting research and appropriate measures 
minimizing global health impact.

The prediction model object of this editorial showed 
clinical usefulness for identifying individuals at greater 
risk of adverse pregnancy outcomes during COVID-19 
infections, and showed the potential for translation to 
other similar clinical conditions (future epidemics due 
to respiratory viruses), and to specific single outcomes 
(rather than to composite measure of abnormal out-
come), assuming model external validation, adaptability 
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and updating to changing circumstances. Based on this 
knowledge, future research may transfer this experience 
into novel projects creating robust and reliable mod-
els utilizing AI and ML approaches to be used in global 
health policy management of comparable forthcoming 
circumstances.

Abbreviations
SARS-Cov-2	� Severe Acute Respiratory Coronavirus 2
COVID-19	� Coronavirus disease
ML	� machine learning
AI	� artificial intelligence
AUC	� area under curve
WHO	� World Health Organization

Acknowledgements
Not applicable.

Authors’ contributions
NS and PC contributed equally with conception and design as well as in 
the writing of the manuscript. MC contributed with critical revision and 
supervision. All authors read and approved the final manuscript.

Funding
None.

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 3 June 2023 / Accepted: 21 July 2023

References
1.	 Villar J, Ariff S, Gunier RB, Thiruvengadam R, Rauch S, Kholin A, et al. 

Maternal and neonatal morbidity and mortality among pregnant women 
with and without COVID-19 infection: the INTERCOVID multinational 
cohort study. JAMA Pediatr. 2021;175(8):817–26. https://doi.org/10.1001/
jamapediatrics.2021.1050.

2.	 Papageorghiou AT, Deruelle P, Gunier RB, Rauch S, García-May PK, Mhatre M, 
et al. Preeclampsia and COVID-19: results from the INTERCOVID prospective 
longitudinal study. Am J Obstet Gynecol. 2021;225(3):289e. 1-289.e17.

3.	 Marchand G, Patil AS, Masoud AT, Ware K, King A, Ruther S, et al. System-
atic review and meta-analysis of COVID-19 maternal and neonatal clinical 
features and pregnancy outcomes up to June 3, 2021. AJOG Glob Rep. 
2022;2(1):100049. https://doi.org/10.1016/j.xagr.2021.100049.

4.	 Eskenazi B, Rauch S, Iurlaro E, Gunier RB, Rego A, Gravett MG, et al. Diabetes 
mellitus, maternal adiposity, and insulin-dependent gestational diabetes are 
associated with COVID-19 in pregnancy: the INTERCOVID study. Am J Obstet 
Gynecol. 2022;227(1):74. https://doi.org/10.1016/j.ajog.2021.12.032.

5.	 Giuliani F, Oros D, Gunier RB, Deantoni S, Rauch S, Casale R et al. Effects of 
prenatal exposure to maternal COVID-19 and perinatal care on neonatal 
outcome: results from the INTERCOVID Multinational Cohort Study. Am J 
Obstet Gynecol. 2022;227(3):488.e1-488.e17. doi: 10.1016/j.ajog.2022.04.019. 
Epub 2022 Apr 19. PMID: 35452653; PMCID: PMC9017081.

6.	 Piekos SN, Roper RT, Hwang YM, Sorensen T, Price ND, Hood L, et al. The effect 
of maternal SARS-CoV-2 infection timing on birth outcomes: a retrospective 
multicentre cohort study. Lancet Digit Health. 2022;4(2):e95–e104. https://
doi.org/10.1016/S2589-7500(21)00250-8.

7.	 Young D, Houshmand B, Tan CC, Kirubarajan A, Parbhakar A, Dada J et al. 
Predicting adverse outcomes in pregnant patients positive for SARS-CoV-2: 
a machine learning approach- a retrospective cohort study. BMC Pregnancy 
Childbirth. 2023. https://doi.org/10.1186/s12884-023-05679-2.

8.	 Garcia-Flores V, Romero R, Xu Y, Theis KR, Arenas-Hernandez M, Miller 
D, et al. Maternal-fetal immune responses in pregnant women infected 
with SARS-CoV-2. Nat Commun. 2022;13(1):320. https://doi.org/10.1038/
s41467-021-27745-z.

9.	 Male V. SARS-CoV-2 infection and COVID-19 vaccination in preg-
nancy. Nat Rev Immunol. 2022;22(5):277–82. https://doi.org/10.1038/
s41577-022-00703-6.

10.	 Villar J, Soto Conti CP, Gunier RB, Ariff S, Craik R, Cavoretto PI, et al. Preg-
nancy outcomes and vaccine effectiveness during the period of omicron 
as the variant of concern, INTERCOVID-2022: a multinational, observa-
tional study. Lancet. 2023;401(10375):447–57. https://doi.org/10.1016/
S0140-6736(22)02467-9.

11.	 Bastani H, Drakopoulos K, Gupta V, Vlachogiannis I, Hadjichristodoulou C, 
Lagiou P, et al. Efficient and targeted COVID-19 border testing via reinforce-
ment learning. Nature. 2021;599(7883):108–13. https://doi.org/10.1038/
s41586-021-04014-z.

12.	 Pfaff ER, Girvin AT, Bennett TD, Bhatia A, Brooks IM, Deer RR, et al. Identify-
ing who has long COVID in the USA: a machine learning approach using 
N3C data. Lancet Digit Health. 2022;4(7):e532–41. https://doi.org/10.1016/
S2589-7500(22)00048-6.

13.	 Rajkomar A, Dean J, Kohane I. Machine learning in Medicine. N Engl J Med. 
2019;380(14):1347–58. https://doi.org/10.1056/NEJMra1814259.

14.	 WHO statement: Statement on the fifteenth meeting of the IHR. (2005) Emer-
gency Committee on the COVID-19 pandemic. https://www.who.int/news/
item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-
health-regulations-(2005)-emergency-committee-regarding-the-coronavi-
rus-disease-(covid-19)-pandemic (2023). Accessed on 09 May 2023.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1001/jamapediatrics.2021.1050
https://doi.org/10.1001/jamapediatrics.2021.1050
https://doi.org/10.1016/j.xagr.2021.100049
https://doi.org/10.1016/j.ajog.2021.12.032
https://doi.org/10.1016/S2589-7500(21)00250-8
https://doi.org/10.1016/S2589-7500(21)00250-8
https://doi.org/10.1186/s12884-023-05679-2
https://doi.org/10.1038/s41467-021-27745-z
https://doi.org/10.1038/s41467-021-27745-z
https://doi.org/10.1038/s41577-022-00703-6
https://doi.org/10.1038/s41577-022-00703-6
https://doi.org/10.1016/S0140-6736(22)02467-9
https://doi.org/10.1016/S0140-6736(22)02467-9
https://doi.org/10.1038/s41586-021-04014-z
https://doi.org/10.1038/s41586-021-04014-z
https://doi.org/10.1016/S2589-7500(22)00048-6
https://doi.org/10.1016/S2589-7500(22)00048-6
https://doi.org/10.1056/NEJMra1814259
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic

	﻿Commentary: Predicting adverse outcomes in pregnant patients positive for SARS-CoV-2 by a machine learning approach
	﻿Abstract
	﻿Background
	﻿Cautions in addressing prediction of adverse obstetric outcomes related to Covid-19
	﻿Implications and future directions of machine learning approaches in Covid-19 era

	﻿Conclusions
	﻿References


