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ARTICLE INFO ABSTRACT

Keywords: Objectives: To analyze soluble fms-like tyrosine kinase 1 (sFlt-1) and placental growth factors (PIGF) concen-
Maternal health trations and their ratio in pregnant and postpartum women with suspected COVID-19, and further investigate
COVID-19

conditions associated with an increased ratio (sFlt-1/PIGF > 38), including preeclampsia (PE) and severe acute
respiratory syndrome (SARS).

Study Design: The present study is a secondary analysis of a prospective cohort. Blood samples were collected at
time of COVID-19 investigation and the serum measurements of sFlt-1 and PIGF were performed. Clinical
background, SARS-CoV-2 infection characteristics, maternal and perinatal outcomes were further analyzed.
Main outcome measures: Serum measurements of sFlt-1 and PIGF; obstetrics and clinical outcomes.

Results: A total of 97 SARS-CoV-2 unvaccinated women with suspected infection were considered, 76 were
COVID-19 positive cases and 21 COVID-19 negative. Among COVID-19 positive cases, 09 presented with SARS
and 11 were diagnosed with PE, of which 6 had SARS-CoV-2 infection in first and second trimester (04 with sFlt-
1/PIGF > 38) and 05 with PE and COVID-19 diagnosed at the same time, during third trimester (03 with sFlt-1/
PIGF > 38). Five presented with PE with severe features. sFlt-1/PIGF ratio was significantly higher in the COVID-
19 positive/PE positive group compared to COVID-19 positive/PE negative group (p-value = 0.005), with no
increase in cases complicated by SARS.

Conclusions: sFlt-1/PIGF ratio could be a useful tool for differential diagnosis and adequate counseling among
cases of COVID-19 and PE, especially if severe disease. COVID-19 early in pregnancy could potentially be a risk
factor for PE later during gestation.

Hypertensive disorders of pregnancy
Renin-angiotensin system

1. Introduction

Hypertensive disorders of pregnancy, especially preeclampsia (PE),
represent main contributors to maternal mortality and morbidity
worldwide and most significantly in low and middle-income populations
[1,2]. During the COVID-19 pandemic, these populations have also been
disproportionately affected by severe infections due to delays in
healthcare, difficulties in testing and managing the disease, restricted
availability of intensive care units, and inadequate management of
complications, all aggravated by low access to vaccination. Outcomes
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are particularly striking for COVID-19 infections during pregnancy and
postpartum, with increased numbers reported for maternal morbidity
and mortality not only due to the challenges with healthcare, but also
because of pregnancy itself as a risk factor for severe disease [3-5].

The association between COVID-19 and PE has been recently high-
lighted by different studies, showing increased frequencies of PE among
cases of COVID-19 [6]. The rationale to explain such findings is based on
the similar pathophysiology and clinical presentation of both conditions
[7].

PE is a syndrome with multisystemic organ involvement associated

Received 23 May 2022; Received in revised form 11 October 2022; Accepted 28 November 2022

Available online 5 December 2022

2210-7789/© 2022 International Society for the Study of Hypertension in Pregnancy. Published by Elsevier B.V. All rights reserved.


mailto:mlaura@unicamp.br
www.sciencedirect.com/science/journal/22107789
https://www.elsevier.com/locate/preghy
https://doi.org/10.1016/j.preghy.2022.11.008
https://doi.org/10.1016/j.preghy.2022.11.008
https://doi.org/10.1016/j.preghy.2022.11.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.preghy.2022.11.008&domain=pdf

G.M. Nobrega et al.

with inflammation and endothelial damage. Plasma concentrations of
pro-angiogenic/anti-angiogenic factors released by the placental syn-
cytiotrophoblast have been identified as markers of disease progression.
In PE, soluble fms-like tyrosine kinase 1 (sFlt-1, an anti-angiogenic
protein) increases, and placental growth factor (PIGF, a pro-
angiogenic protein) decreases. Therefore, sFlt-1 and PIGF directly and
inversely correlate, respectively, with disease onset [8-10]. COVID-19
has a few similarities as it also presents with multi-organ involvement
and extensive inflammation and endothelial damage, therefore the dif-
ferential diagnosis can be challenging especially in severe acute respi-
ratory syndrome (SARS) cases, leading to what has been referred to as
“PE-like syndrome” [11,12].

Adequate diagnosis is key in ascertaining appropriate clinical man-
agement, especially in cases of preterm gestation since the decision on
the timing of delivery has a significant impact on perinatal outcomes.
Because clinical parameters of hypertension, proteinuria, and target
organ damage can be similar, biomarkers could be a useful tool in dis-
tinguishing and guiding such decision-making for cases that involve
COVID-19 and preeclampsia [13]. The sFlt-1/PIGF ratio at a threshold of
below 38 can provide reassurance for the absence of PE at that given
time, as well as indicate a low likelihood of onset in the following week.
However, there are still uncertainties about the levels of biomarkers in
COVID-19 cases given previous reports of high values of sFlt-1 in pa-
tients with COVID-19 pneumonia vs COVID-19 without pneumonia [8].

Therefore, the aim of this study was to analyze sFlt-1 and PIGF
concentrations and their ratio in pregnant/postpartum women with
suspected COVID-19, and further investigate conditions associated with
the increased ratio (sFlt-1/PIGF > 38), including preeclampsia and se-
vere COVID-19 cases.

2. Methods
2.1. Participants

The present research is part of a large prospective cohort study
included in REBRACO - Brazilian Network of COVID-19 in Obstetrics —a
multicenter study of 15 Brazilian referral centers from different regions
across the country aiming to understand the burden of disease on
maternal and perinatal outcomes related to COVID-19 infection, with
the University of Campinas (Unicamp) as coordinating center [14,15].
At Unicamp, SARS-CoV-2 quantitative reverse transcriptase polymerase-
chain-reaction (RT-qPCR) assay testing for suspected cases started in
April 2020 and routine universal screening was implemented in June
2020. COVID-19 suspected women had a diversity of biological samples
collected at Unicamp, including peripheral blood - specifically serum. A
total of 135 cases of unvaccinated pregnant or postpartum women who
were admitted to the institution from June 2020 to July 2021 were
included and considered for testing for SARS-CoV-2 infection by RT-
gPCR assay in upper respiratory secretion samples. Of the 135 COVID-
19 suspected women considered, 28 who had mild flu-like syndrome
did not have their peripheral blood sampled. Of the remaining 107 cases,
5 delivered elsewhere and have no available data for analysis of out-
comes — therefore these cases were further excluded. Thus, the total
cases eligible for the current analysis were 102 women. The blood
sampling occurred at different times in relation to SARS-CoV-2 infection
— mostly during active infection or near recovery. Clinical background,
maternal SARS-CoV-2 infection characteristics, socio-demographic in-
formation and maternal and perinatal outcomes of the included cases
were analyzed. The cases were grouped by PE diagnosis, COVID-19
testing, and clinical severity (acute respiratory syndrome (SARS).
Pharmacological or immunobiological methods were not administered
to any study participants.

2.2. Blood serum samples

The blood serum samples were obtained by maternal peripheral

33

Pregnancy Hypertension: An International Journal of Women’s Cardiovascular Health 31 (2023) 32-37

blood collection in a dry vacuum tube with clot separator gel. Peripheral
blood samples were processed within 1 h after sampling for sample
integrity. The blood tubes were centrifuged for 10 min, at 1,200xG at
room temperature (18 °C). After centrifugation, the blood serum sam-
ples were aliquoted in sterile cryotubes (around 600 pL per cryotube)
inside a class II biological safety cabinet in a NB-2 laboratory. The
samples in cryotubes were immediately stored in an Ultrafreezer at
—80 °C temperature. The entire sample collection and processing team
wore appropriate personal protective equipment (PPE) recommended
for such pathogens, including disposable N95 masks, disposable apron,
disposable gloves, disposable cap, eye protection (glasses or face shield)
and closed shoes.

2.3. Electrochemiluminescence for determination of sFlt-1 and PIGF
concentration

The measurements of angiogenesis-related factors sFlt-1 and PIGF in
peripherical blood were performed in the Roche Cobas e411 device
(ROCHE®), with automated Elecsys® sFlt-1/PIGF kits (ROCHE®), using
50 pL of maternal serum, through immunoassays for the quantitative
determination of such biomarkers based on electrochemiluminescence
technology. The protocol was implemented according to the manufac-
turer instructions. The concentration results obtained by the assay were
expressed in pg of the analyte per mL of serum - pg/mL. The values
obtained were also used for the calculation of sFlt-1/PIGF ratio. The sFlt-
1/PIGF ratio had a threshold implemented of 38 for statistical analysis.

2.4. Clinical data

Medical charts were reviewed to retrieve information on socio-
demographic characteristics including age; obstetric and clinical back-
ground - parity; nulliparous; multiparous; mean height (cm); mean
weight (kg); mean BMI (kg/m2); obesity (IMC > 30); hypertension and
diabetes variables — and maternal/perinatal outcomes including, PE; PE
with severe features; eclampsia; HELLP syndrome; confirmed COVID-19;
heart rate (bpm); respiratory rate; systolic blood pressure; diastolic
blood pressure; temperature; ICU admission; gestational age at delivery
(<37 or >37 weeks); route of delivery (vaginal or cesarean section);
mean birth weight at delivery (g); 5th minute APGAR score < 7; still-
birth; neonatal death. For confirmed COVID-19 cases, data on gesta-
tional age at diagnosis, symptoms and severity of disease were
considered (use of supplementary oxygen, intubation, ICU admission).
For cases with the diagnosis of PE, detailed information on gestational
age at diagnosis, severe features, and outcomes were also retrieved.

Suspected COVID-19 was based on the presence of fever and/or at
least one respiratory symptom or sign of flu-like syndrome: sore throat,
runny nose, cough, sputum production, shortness of breath, nasal or
conjunctival congestion, pain swallowing, and O saturation < 95 %,
signs of cyanosis, and/or flapping of the nose and dyspnea were
considered signs of SARS. Other symptoms such as diarrhea, anosmia
and dysgeusia were also considered [15].

PE was considered based on the presence of hypertension associated
with proteinuria (proteinuria/creatinine > 0.3 or 24 h proteinuria over
300 mg) after 20 weeks of gestation, in a previously normotensive
pregnant woman. PE was also considered in the absence of proteinuria if
there was target organ damage [16,17].

2.5. Data analysis

Initially, all cases of suspected and/or confirmed COVID-19 with
available blood sample collection and clinical data (including childbirth
outcomes) were selected. The biomarker level was considered using a
threshold of 38 for the sFlt-1/PIGF ratio. Women were grouped ac-
cording to such results and clinical data on sociodemographic charac-
teristics, clinical background, and maternal and perinatal outcomes
were compared among groups of sFlt-1/PIGF > 38 and sFlt-1/PIGF < 38.



G.M. Nobrega et al.

Cases of confirmed COVID-19 during pregnancy that also presented
with the diagnosis of PE were detailed to describe the timing of infec-
tion, the severity of disease and further association to PE.

A comparison between different groups was performed that consid-
ered sFlt-1 and PIGF serum concentrations and the sFlt-1/PIGF ratios, as
well as diagnosis of PE and SARS associated with COVID-19-positive
cases. The groups analyzed were classified as: COVID-19-positive cases
with diagnosis of PE (COVID-19 + PE + ) versus COVID-19-positive
cases without diagnosis of PE (COVID-19 + PE -); and COVID-19-
positive cases with diagnosis of SARS (COVID-19 + SARS + ) versus
COVID-19-positive cases without diagnosis of SARS (COVID-19 + SARS
).

Finally, biomarkers: PIGF ratios, sFlt-1 and sFlt-1/PIGF ratios were
described among cases of suspected COVID, comparing those with
positive and negative testing and no PE.

Comparisons between groups were performed using the Odds Ratio
with 95 % confidence interval (CI) and Chi-square test for categorical
variables, and Mann-Whitney test (U test) for continuous variables.
Outliers were considered by the ROUT method. Statistical analysis tests
were done using GraphPad Prism version 7 for Mac (GraphPad Software,
San Diego, CA, United States) and Epi.Info 7.0 for Windows. A p-value <
0.05 was considered statistically significant.

2.6. Ethical considerations

The research project followed all recommended rules for the use of
human biological samples, with approval by the Research Ethics Com-
mittee of the University of Campinas, IRB #31591720.5.0000.5404. All
women signed an informed consent form authorizing the collection,
storage, and use of clinical samples and data.

3. Results

There were 135 COVID-19 suspected cases of unvaccinated pregnant
and postpartum women included at Unicamp between June 2020 and
July 2021. Of these, 97 cases were eligible for electro-
chemiluminescence assay for determination of sFlt-1 and PIGF concen-
tration in blood serum. After laboratory analysis, 37 cases presented
sFlt-1/PIGF ratio > 38 and 60 sFlt-1/PIGF ratio < 38. And among
these, 76 were COVID-19 positive cases and 21 COVID-19 negative. In
the COVID-19 positive cases, 11 were diagnosed with PE and 9 with
SARS. And among the COVID-19 negative cases, 7 had only PE and 1 had
PE and SARS (Fig. 1).

When grouping women according to a threshold ratio of biomarkers
(sFlt-1/PIGF > 38 or sFlt-1/PIGF < 38) to investigate whether clinical
diagnosis of PE and COVID-19 were associated with biomarker levels,
there were no significant differences (Table 1). The presence of PE was
more frequent in the sFlt-1/PIGF > 38 (29.73 % vs 11.67; p = 0.051),
but with no significance most likely due to the small number of cases and
moment of sample collection (gestational age of COVID-19 investigation
and not of PE diagnosis). For COVID-19 diagnosis, the frequency was
similar in both groups (p = 0.72).

The detailed description of cases of COVID-19 and PE diagnosis are
presented in Table 2. Among the 11 cases of PE and COVID-19, 5 pre-
sented PE with severe features and received magnesium sulfate due to
severe hypertension and/or imminent eclampsia, such as headache, vi-
sual changes, nausea, and vomiting. Almost all considered cases were
obese (10 cases), only two were previously diagnosed with chronic
arterial hypertension, and over half of them developed gestational dia-
betes (6 cases). There was only one patient who needed supplementary
oxygen use due to COVID-19 infection; she had asthma as a previous
condition and did not need invasive ventilatory support. This patient
developed secondary bacterial pneumonia and was treated with
antibiotics.

Based on the timing of COVID-19 infection, only 3 cases presented a
concomitant diagnosis of COVID-19 and PE, which was during the third
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135 COVID-19 suspected cases of unvaccinated
pregnant and postpartum women included

28 unavailable serum for biomarker testing

107 with available serum for biomarker testing

10 cases without childbirth at at the
considered maternity

}

37 sFIt-1/PIGF ratio > 38 | | 60 sFlt-1/PIGF ratio < 38
[ |

! l

76 COVID-19 21 COVID-19
positive cases negative cases
11 with PE 07 with PE
09 SARS 01 SARS+PE

Fig. 1. Flowchart of the study included cases and cases grouping.

Table 1

Sociodemographic, clinical, obstetric characteristics and maternal and perinatal
outcomes comparing cases of sFlt-1/PIGF > 38 (increased ratio) and sFlt-1/PIGF
< 38.

Variable sFlt-1/P1GF ratio sFlt-1/PIGF ratio p-
> 38 < 38 value

N 37 60
Age (Years) 30.49 + 5.97 29.08 + 6.29 0.279
Parity 0.401

Nulliparous 13 (35.14) 15 (25.00)

Multiparous 24 (64.86) 45 (75.00)
Mean height (cm) 1.62 + 0.06 1.62 + 0.05 0.785
Mean weight (kg) 85.25 + 25.98 83.12 + 21.26 0.698
Mean BMI (kg/m?) 32.43 £ 9.60 31.87 £7.49 0.777
Obesity (IMC > 30) 16 (59.26) 28 (56.00) 0.972
Hypertension 12 (32.43) 10 (16.67) 0.121
Diabetes 14 (37.84) 20 (33.33) 0.816
Preeclampsia 11 (29.73) 7 (11.67) 0.051
Confirmed COVID-19 27 (72.97) 47 (78.33) 0.721
Preeclampsia with severe 6 (16.22) 4 (6.67) 0.133

features
Eclampsia 0 (0.00) 0 (0.00) -
HELLP Syndrome 2(5.41) 0 (0.00) 0.068
Heart rate (bpm) 89.86 + 13.02 92.94 + 15.09 0.359
Respiratory rate 22.84 £ 11.49 19.32 £+ 6.82 0.689
Systolic blood pressure 153.41 + 183.08 134.15 + 131.94 0.579
Diastolic blood pressure 75.27 + 13.56 74.09 + 11.46 0.672
Temperature 36.75 + 0.82 36.53 + 0.85 0.149
ICU admission 4(10.81) 8(13.33) 0.961
Gestational age at delivery 0.705

<37 weeks 12 (32.43) 16 (26.67)

>37 weeks 25 (67.57) 44 (73.33)
Route of delivery 0.954

Vaginal delivery 20 (54.05) 31 (53.45)

Cesarean section 17 (45.95) 27 (46.55)
Mean weight at delivery (g) 2778 + 828 2917 + 813 0.420
5th minute APGAR < 7 2(5.41) 2(3.57) 0.669
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Table 2

Detailed description of cases of confirmed COVID-19 and preeclampsia.

Prot/Crea

sFlt-1/
PIGF
ratio

Route
of

5 PE

Weight
At

GA
At

GA at PE

COVID-19 severity*

Previous conditions GA at COVID-19

Type of

Parity

Maternal
age

Cases

Severe

Min

diagnosis

Diagnosis (weeks)

pregnancy

Birth (g) Apgar Features** Delivery

Birth

(weeks)

0.60
0.17

65.12

C-Section
C-Section
C-Section
C-section

No

4595
2175
3645

36
36
40
33

33

Mild
Mild
Mild
Mild

33

Obesity, GDM
Obesity, GDM

Obesity
No

Single
Single
Single

Twin

Multiparous
Multiparous
Multiparous

35
39
29
28

33.13

Yes

9
9

Puerperium

39
33

48.84
46.95

No

16
23

0.15

1120/ 1-4 No
1462

2750
2085

Primiparous

0.84

26.52
222.4

C-Section
C-Section
C-Section

Vaginal

No

9

38
33
37
36
38
36

Puerperium

33
37
36
38
33

Mild

10
24

0.70
0.15
0.20

Yes

Asymptomatic

Mild

12.82
51.82

32.78

Yes

3350
3100
2880

ty, GDM, Hep B

No

10
9

Asymptomatic

Severe
Mild

19
38
34

1.03
0.38

C-Section
C-Section

Yes

81.66

2430/ 9-8 No

2535
2465

Single
Single
Single
Single
Single

Twin

Multiparous

32
27

Primiparous
Multiparous
Multiparous

40
34
28
34

Primiparous
Multiparous

10

2.65

212.26

Vaginal

Yes

37

34

Asymptomatic

Postpartum

Multiparous Single Obesity

35

11

*Severity of COVID-19: Severe — hospitalization/oxygen supplementary use; Mild - no hospitalization, mild symptoms (cough, coryza, sore throat, anosmia, mild dyspnea, mild fever). ** PE Severe Features: Use of

Magnesium Sulfate (imminence of Eclampsia), Eclampsia, HELLP Syndrome. GDM: gestational diabetes melittus; CH: chronic hypertension; HEP B: chronic hepatitis B; GA: gestational age; PE: pre-eclampsia; PROT/CREA:

Protein/Creatinine ratio.
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trimester. The majority presented COVID-19 prior to the diagnosis of PE,
during the first/second trimester. The only reported case of fetal mal-
formation was a case with COVID-19 at 9 weeks gestation, with Down
syndrome (presented with fetal growth restriction and cardiac involve-
ment). One case was diagnosed with COVID-19 postpartum, during the
routine screening to visit the neonatal ICU (after a preterm delivery).
Our data only included 2 cases with sFlt-1/PIGF ratio over 85, both
ratios actually over 200 (cases 6 and 11); and both cases presented PE
with severe features and short interval between PE diagnosis and de-
livery, with asymptomatic COVID-19 infection.

The results for sFlt-1 and PIGF serum concentrations and sFlt-1/PIGF
ratios were further compared between groups categorized for PE and
SARS diagnosis related to COVID-19-positive cases. The groups analyzed
were classified as: COVID-19-positive cases with diagnosis of PE
[COVID-19 + PE + (n = 11)] versus COVID-19-positive cases without
diagnosis of PE [COVID-19 + PE-(n = 65)]; and COVID-19-positive cases
with diagnosis of SARS [COVID-19 + SARS + (n = 09)] versus COVID-
19-positive cases without diagnosis of SARS [COVID-19 + SARS-(n =
67)]. The findings revealed that the sFlt-1/PIGF ratio was significantly
higher in the COVID-19 + PE + group compared to COVID-19 + PE-
group (p-value = 0.0047). No significant difference was found in com-
parison of these groups related to sFlt-1 and PIGF concentrations when
isolated. Considering COVID-19 cases grouped by SARS incidence, the
analysis of COVID-19 + SARS + versus COVID-19 + SARS - revealed no
significant difference in sFlt-1 and PIGF serum concentration, or in the
sFlt-1/PIGF ratio (Fig. 2).

Regarding COVID-19 positive with COVID-19 negative cases,
excluding cases with PE, no differences were observed in sFlt-1 levels
only (p-value = 0.0861), PIGF levels only (p-value = 0.6473) and in sFlt-
1/PIGF ratio (p-value = 0.5337) (Supplemental Fig. 1).

4. Discussion

This study presented the sFlt-1/PIGF ratio evaluated in women
during their suspected and/or confirmed COVID-19 infection during
pregnancy. Considering the threshold of 38 as abnormal, the findings
support that this value, in association with clinical findings, can be used
to identify cases of PE. COVID-19 alone did not impact these biomarker
levels.

The rationale for the presented analysis was the reported increased
frequency of PE among cases of COVID-19 and possible difficulty in the
differential diagnosis of severe cases since both conditions can evolve to
multiorgan damage, with inflammation and endothelial impairment®.
Classical hypertension and proteinuria as diagnostic criteria might not
be enough for such cases, nor the severity of laboratory findings such as
altered liver enzymes, kidney, or coagulation. Therefore, biomarker
evaluation could be a feasible approach [11]. There is still a lack of
consistent data on the possible impact of COVID-19 alone on levels of
sFlt-1 and/or PIGF [13].

COVID-19 and PE could possibly present common pathophysiolog-
ical mechanisms [18-20]. One of the most considered is that SARS-CoV-
2 binds ACE2-receptors in the placenta, leading to alteration of the
placental renin-angiotensin system (RAS). As RAS regulates blood
pressure, the virus may therefore increase adverse hemodynamic out-
comes, such as PE [3,21].

Another possible pathway in common is NLRP3 activation. SARS-
CoV-2 leads to direct activation of NLRP3 by a viral protein, and this
activation has been strongly correlated to the inflammatory response in
COVID-19 patients. This pathway can also be activated in PE, mainly in
cases with severe features [22].

The timing of diagnosis and follow-up presents additional chal-
lenges. Previous studies have shown an increased risk of future PE
among women that presented with COVID-19 during first/second tri-
mesters [23]. This information can be valuable for counseling during
pregnancy and adequate follow-up. Among the few cases of PE and
confirmed COVID-19 that we reported here, nearly half presented with
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Fig. 2. Boxplots for values of sFlt-1, PIGF and their ratios (sFlt-1/PIGF) according to the presence of preeclampsia (PE) and severe acute respiratory syndrome
(SARS). Boxes encompass a range from the 1st to the 3rd quartile, whiskers represent 10-90 percentile and points represent outliers. Mann-Whitney test (test U) was

used to compare groups, with p-value < 0.05 as significant.

SARS-CoV-2 infection during first/second trimesters and further devel-
oped PE, weeks or months later. And even with the serum collected at
the infection moment, most showed an altered sFlt-1/PIGF ratio.

Increased sFlt-1/PIGF ratio or decreased PIGF values have been
associated to adverse maternal and perinatal outcomes [3,13,24-26]
Studies indicate that COVID-19 in pregnancy can induce higher inci-
dence of adverse perinatal outcomes, as well as PE-like syndrome
[24-26]. The same studies suggest that the biomarkers testing (such as
PIGF and sFlt-1/PIGF ratio) could be used to differentiate PE from severe
COVID-19 and improve clinical management [24,25].

Our data, when comparing outcomes among cases with altered sFlt-
1/PIGF ratio (using 38 as the threshold) did not present significant
differences. Nevertheless, we had limited number of cases and only very
few with sFlt-1/PIGF ratio over 85 (the most used ratio for PE diagnosis)
[27]. Regardless, biological samples were collected at the time of SARS-
CoV-2 infection and not at the time of PE diagnosis, which may have
experimental implications.

Other inflammatory markers can be used adjunctively for the man-
agement of COVID-19 cases, mainly the severe ones. COVID-19 cases
commonly indicate elevated rates of C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR) and p-dimer [28,29]. Other inflammatory
markers that are altered are interleukins and cytokines, mostly
decreasing the expression of IL-1f, which may indicate the state of
clinical evolution depending on their high expression, especially in the
cytokine storm state [30,31]. In our study, we did not evaluate these
inflammatory markers.

This study included all case identification and sample collection
prior to vaccination. Another similar cohort study is being conducted in
which most women are already vaccinated, which may allow investi-
gation into the question of whether vaccination plays any role in these
associations. As we acknowledge the advances of such intervention
among pregnant women, we also should consider the potential impact of
the rise of new variants of concern (VOCs) [32,33]. Although there
appears to be a recent reduction of the number of severe COVID-19
cases, the number of infected pregnant women are nevertheless still
high and the effects on rates of hypertensive disease/PE remains a topic
of relevant interest.

The relatively small number of cases included in this study is a
limitation, especially considering PE and COVID-19 and also the
moment of sample collection (with no biomarker levels at PE diagnosis).

However, the present results provide detailed clinical outcomes tied to
biomarker evaluations that add relevant evidence for the association of
COVID-19 and PE. This should raise increased awareness about the risk
of PE after COVID-19 diagnosis. More adequate pregnancy counseling
considering patient information on the history of infection should be a
key part of interventions moving forward.
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