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Abstract

Objective: To analyze the correlation between blood markers; C-Reactive Protein (CRP), D-Dimer, Neutrophil-to-Lymphocyte
Ratio (NLR) and the severity of COVID-19 in pregnant women during the 2020 pandemic at Persahabatan Hospital, Jakarta.

Methods: This cross-sectional study was conducted at Persahabatan Hospital, a National Respiratory Referral Center in
Jakarta. A total of 525 pregnant women with confirmed COVID-19 who met the inclusion criteria were included in the study.
Laboratory markers, including CRP, D-Dimer, and NLR, were analyzed and categorized as normal or elevated. Data were
analyzed using the Chi-square test, and correlations were evaluated using Spearman’s rank correlation coefficient.

Results: The results showed that elevated biomarkers were significantly correlated with increased disease severity. CRP
(>10 mg/L), D-Dimer (>3333 mg/L), and NLR (>5.8) were all associated with moderate to severe disease. All biomarkers
demonstrated a significant correlation with disease severity (p < 0.005).

Conclusion: Elevated CRP, D-Dimer, and NLR levels are associated with increased disease severity in pregnant women with
COVID-19, suggesting their potential role as practical indicators for disease severity assessment.
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INTRODUCTION in Indonesia, reporting 2018 pregnant women
confirmed COVID-19.> Another study, reported
Coronavirus disease (COVID-19) is there were 62 pregnant women confirmed

characterized by a high level of transmissibility,
having infected more than 6.3 million people in
Indonesia and causing 157,000 deaths.! Globally,
by January 19, 2021, more than 90 million cases
had been confirmed, with 2 million deaths
reported.? In Indonesia alone, by January 20,
2021, there were 939,948 confirmed cases, and
26,857 deaths had occurred.?

The risk of severe COVID-19 is increased
in pregnant women due to physiological
adaptations during gestation, including altered
immune responses, compromised respiratory
function, and enhanced coagulation activity.>*
These conditions predispose them to severe
disease manifestations. For example, From the
other study, total 11 hospital in 10 provinces

COVID-19 with 6 maternal deaths.®

COVID-19 presents with a range of clinical
symptoms such as fever (>38°C), cough,
dyspnea, fatigue, myalgia, diarrhea, and anosmia.
The severity of the disease is classified into
asymptomatic, mild, moderate, and severe cases.
Most patients have a good prognosis, but a
minority may experience critical illness or death. ’

Laboratory biomarkers, including CRP, NLR,
and D-dimer, have been associated with disease
severity and maternal outcomes. NLR, a biomarker
of the systemic inflammatory response syndrome
(SIRS), reflects the balance between neutrophil
activation and lymphocyte suppression, which is
often accompanied by endothelial dysfunction.
This dysfunction is exacerbated by the release
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of cytokines during the inflammatory process,
further activating inflammatory cells and immune
responses. Elevated NLR has been consistently
associated with more severe COVID-19
manifestations.”"°

Pregnancy and COVID-19 are both conditions
that enhance coagulation activity in the body.
While increased D-dimer levels have been linked
to poor prognosis in COVID-19 patients, the
implications of this marker in pregnant women
remain insufficiently explored. CRP is a plasma
protein produced by the liver and generated in
response to inflammatory mediators such as IL-
6. It is a non-specific acute-phase reactant (CRP)
used as a biomarker of inflammatory conditions.
Increased CRP levels are associated with an
increase in the severity of the disease.®™

Despite  significant  advancements in
understanding COVID-19, current evidence on
the association between laboratory markers and
the clinical severity of COVID-19 in pregnant
women is limited, particularly in Jakarta. The
Persahabatan Hospital, a COVID-19 referral
center in Jakarta, has managed numerous cases
of pregnant women with suspected, probable,
and confirmed COVID-19 since the outbreak
began. During 2020, 525 pregnant women with
confirmed COVID-19 underwent treatment at the
hospital.

Thedata fromthese cases provide aninvaluable
opportunity to analyze the correlation between
biomarkers such as CRP, NLR, and D-dimer
with disease severity and maternal outcomes.
Understanding these correlations could improve
management strategies for pregnant women
affected by COVID-19 and contribute to improved
outcomes for both maternal and neonatal.

METHODS

This cross-sectional study was conducted at
Persahabatan Hospital, a National Referral Center
located in a central pandemic area. This study was
approved by the Ethics Committee of the Faculty
of Medicine, Universitas Indonesia (No. KET-528/
UNZ2.F1/ETIK/PPM.00.02/2021), which waived the
requirement for informed consent due to the use
of retrospective analysis. Data from all pregnant
women who were hospitalized between March
1st, 2020 and February 30th, 2021 were evaluated
according to the inclusion and exclusion criteria.
The inclusion criteria comprised all pregnant
women with confirmed COVID-19 during
pregnancy or labor at Persahabatan Hospital.

Between March 2020 and February 2021, a
total of 845 medical records of pregnant women
admitted to RSUP Persahabatan were reviewed.
Of these, 239 cases were excluded due to the
absence of confirmed COVID-19 diagnosis. The
remaining 606 records represented pregnant
women with confirmed COVID-19 and were
included in the periodic study.

A second exclusion was applied to 81 cases,
consisting of 9 cases with gestational age below
24 weeks, 2 cases managed conservatively at
less than 24 weeks of gestation, and 70 cases
with incomplete data. After applying both
exclusion criteria, a total of 525 medical records
met the eligibility criteria and were included
for final analysis. Clinical severity of COVID-19
was classified according to the Indonesian
Ministry of Health guidelines and grouped
into asymptomatic-mild and moderate-severe
categories

We evaluate 525 subjects with fulfill the
criteria. Characteristics of pregnant women with
COVID-19 including age, gestational age, parity,
education, occupation, and Body Mass
Index (BMI). Laboratory finding to evaluate
includes CRP level, D-dimer level, and NLR. We
categorize the data into normal and elevated
levels.

The classification of symptoms follows the
classification of symptoms according to the
Indonesian Ministry of Health, symptoms are
classified into four categories:™> Asymptomatic
cases refer to patients who exhibit no
symptoms. Mild symptoms include patients who
present with clinical complaints but show no
evidence of viral pneumonia or hypoxia; such
symptoms may include fever, cough, fatigue,
shortness of breath, myalgia, sore throat, nasal
congestion, diarrhea, nausea, and vomiting.
Moderate symptoms are characterized by
clinical signs of pneumonia such as fever, cough,
shortness of breath, and rapid breathing without
indications of severe pneumonia, and with
oxygen saturation (SpO,) greater than 93% on
room air. Severe symptoms are defined by the
presence of pneumonia signs accompanied by
at least one of the following: respiratory rate
exceeding 30 breaths per minute, severe
respiratory distress, oxygen saturation below
93% on room air, septic shock, and or organ
dysfunction.

In this study, cases were grouped into two
categories: asymptomatic mild symptoms and
moderate severe symptoms. Data were obtained
through consecutive sampling of medical records
in sequence until the minimum required sample
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size was reached. The collected data were entered
into Microsoft Excel for editing and coding.
Statistical analyses were performed using SPSS
version 23 for Macintosh. Data distribution was
assessed, and the Chi-Square test was applied
under the assumption of normal distribution.

RESULTS

Atotal of 525 pregnant women with confirmed
COVID-19 were included in this study. The median
maternal age was 30 years (range: 17-47), with
a median gestational age of 38 weeks (27-41).
The median parity was 1 (0-5), and all variables
demonstrated non-normal distributions.
Regarding educational background, the majority
of participants had < 12 years of education
(88.9%), while 11.1% had more than 12 years of
schooling. Most of the women were unemployed
(77.8%), and 22.2% were employed. Based on the
body mass index (BMI), 64,4% had a BMI < 30 kg/
m?, whereas 35,6% were classified as obese BMI
> 30 kg/m?).

Tabel 1. Demographic Characteristic in Pregnant Women
with Confirmed COVID-19

Characteristic

Demography n (%)
Maternal age 30 (17-47)*
Gestational age 38 (27-41)*
Parity 1(0-5)*
Education

<12 466 (88.9)
>12 58 (11.1)
Occupation

Un-Employed 408 (77.8)
Employed 116 (22.2)
BMI

Normal (< 30 kg/BB/m?) 338 (64.4)
Obesity (> 30 kg/BB/m?) 187 (35.6)

*Abnormal distribution

The most frequently reported clinical symptom
was cough (42.8%), followed by nasal congestion
(24.4%), fever (21.4%), and dyspnea (19.7%). Other
symptoms included fatigue (16.3%), sore throat
(9.8%), nausea/vomiting (3.2%), and diarrhea,
which was the least common (1.5%). In terms
of disease severity, 40.0% of participants were
asymptomatic, 38.6% had mild disease, 14.5%
had moderate disease, and 6.9% presented with
severe/critical illness.

Table 2. Clinical Characteristic in Pregnant Women with
Confirmed COVID-19

Clinical Characteristic N (%)
Fever
Yes 113 (21.4)
No 412 (78.6)
Cough
Yes 225 (42.8)
No 300 (57.2)
Dyspnue
Yes 103 (19.7)
No 422 (80.3)
Nasal Congestion
Yes 128 (24.4)
No 397 (75.6)
Sore Throat
Yes 53 (9.8)
No 472 (90.2)
Fatigue
Yes 83 (16.3)
No 442 (83.7)
Nausea/Vomiting
Yes 17 (3.2)
No 508 (96.8)
Diarrhea
Yes 5(1.5)
No 520 (98.5)
Severity of Disease
Asymptomatic 211 (40.0)
Mild 202 (38.6)
Moderate 76 (14.5)
Severe/Critical 36 (6.9)

Median laboratory  values included

hemoglobin of 11.7 g/dL, leukocyte count of
10100/uL, and platelet count of 272000/uL, all of
which exhibited non-normal distributions. Most
participants demonstrated normal CRP levels
were normal in 75.9% of subjects and elevated
in 24.1%. D-Dimer levels were normal in 74.8% of
subjects and elevated in 25.2%. For NLR, 72.9% of
participants had elevated values (> 5.8), whereas
27.1% fell within the normal range. Elevated CRP,
D-dimer, and NLR were significantly associated
with moderate-to-severe COVID-19.
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Table 3. Laboratory Characteristic in Pregnant Women with
Confirmed COVID-19

Laboratory Characteristic N (%)

11.7 (5.9 -16.1)*
10100 (6120-28100)*
272000 (12080 - 613000)*

Hemoglobin

Leucocyte

Platelet

C-Reactive Protein (CRP)

All of the subject 525 pregnant women with
normal CRP levels (< 10 mg/L), 343 cases were
classified as asymptomatic to mild, and 55 cases
were moderate to severe.”> Meanwhile, among
patients with elevated CRP levels (> 10 mg/L), 71
cases were asymptomatic to mild, and 56 cases
were moderate to severe.

Normal (< 10 mg/L) 401 (75.9) From total 525 subject with normal D-Dimer
Increased (10-30 mg/L) 73 (13.8) levels (< 3333 mg/L), 320 cases were classified
Very Increased (= 30 mg/L) 51 (10.3) as asymptomatic to mild, and 71 cases were
D-dimer moderate to severe.13 In contrast, among those
Normal (<3333 mg/L) 392 (74.8) with elevated D-dimer levels (> 3333 mg/L), 94
Increased (> 3333 mg/L) 133 (25.2) cases were asymptomatic to mild, and 40 cases
Neutrophil-Lymphocyte Ratio were moderate to severe.
(NLR) Among the 525 study subjects with normal
<58 143 (27.1) o
558 382 (72.9) NLR levels (< ‘5.8), 12? cases were classified
as asymptomatic to mild, and 21 cases were
moderate to severe.13 In contrast, among those
with elevated NLR levels (> 5.8), 292 cases
were asymptomatic to mild, and 90 cases were
moderate to severe.
Table 4. Correlation between Laboratory Result with Severity of Disease
Severity of Disease P-value
Asymptomatic Mild Moderate - Severe
CRP
Normal (< 10) 343 55 < 0.005 (0.000)
Elevated (> 10) 71 56
D-dimer
Normal (23333 mg/L) 320 71 < 0.005 (0.004)
Elevated (> 3333 mg/L) 94 40
NLR
Normal (< 5.8) 122 21 < 0.005 (0.027)
Elevated (> 5.8) 292 90
A significant association was observed DISCUSSION

between all evaluated laboratory biomarkers
and COVID-19 severity. The C-reactive protein
demonstrated a highly significant correlation
with disease severity (p<0.001), with elevated
CRP levels associated with a higher proportion
of moderate-to-severe cases. D-dimer levels
were also significantly associated with severity
(p=0.0004), indicating the that elevated D-dimer
is linked to more severe clinical presentation.
The Neutrophil-to-Lymphocyte Ratio exhibited
a statistically significant association with severity
(p=0.027). Participants with elevated NLR values
had a considerably higher number of moderate-
to-severe cases compared with those with normal
values.

The subjects of this study were pregnant
women confirmed to have COVID-19, aged
17-47 years, who were treated at Persahabatan
Hospital. The study, conducted from March 2020
to February 2021, involved 525 participants.
Demographic data showed that the majority
were at 38 weeks of gestation, had a normal BM],
and had given birth once (parity of 1).

C-Reactive Protein is synthesized by the liver
in response to inflammatory signals, particularly
interleukin-6 (IL-6). It acts as an early indicator of
both infection and inflammation. Under normal
conditions, CRP levels in the blood are below 10
mg/L, but they can increase quickly beginning
within 6 to 8 hours and reaching their highest
levels around 48 hours after the onset of illness. Its
concentration decreases when the inflammatory
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stages end and the patient is healing. Despite
being non-specific, elevated CRP levels can
indicate an increase in disease severity.”>™ This
study shows a significant association between
elevated CRP levels (>10 mg/L) and the severity
of COVID-19. These findings align with a study
which reported a significant correlation between
CRP levels >10 mg/L and COVID-19 disease
severity.” A similar study conducted in Ethiopia
classified asymptomatic-moderate cases as non-
severe conditions and severe symptoms as
severe cases, using a CRP level threshold >30
mg/L, demonstrating a significant correlation
between increased CRP levels and disease
severity.'®

D-Dimer is a product of fibrin degradation that
reflects increased coagulation and fibrinolysis
activity, representing the activation of both
systems. Both pregnancy and infection can elevate
D-Dimer levels. Consequently, individuals with
COVID-19 are at risk for deep vein thrombosis
(DVT), venous thromboembolism (VTE), and
possible pulmonary embolism (PE), with risks
reported to be as high as 25%." Several studies
have examined the relationship between D-Dimer
levels and disease severity. A systematic review
in 2020 highlighted that monitoring D-Dimer
levels is crucial in clinical practice for COVID-19
infection management. The mean D-Dimer level
was recorded at 580 mg/L in patients with mild
disease compared to 3550 mg/L in those with
severe disease. Gutiérrez, demonstrated that
D-Dimer levels increase during the third trimester,
with intervals ranging from 551-3333 mg/L."®
In this study, D-Dimer levels were assessed in
525 subjects; most showed normal D-Dimer
levels (<3333 mg/L). Among these, 320 cases
were classified as asymptomatic to mild, while
71 cases were classified as moderate to severe.
Conversely, among those with elevated D-Dimer
levels (>3333 mg/L), 94 cases were asymptomatic
to mild, and 40 cases were moderate to severe.
The findings revealed a significant association
between elevated D-Dimer levels and disease
severity, consistent with the study by Uzel, which
demonstrated a similar relationship.™

The Neutrophil-to-Lymphocyte Ratio is used
as a marker of disrupted immune regulation in
the context of viral infections.?® In this study,
NLR levels were analyzed across all subjects,
revealing a predominance of elevated NLR levels
(>5.8). Among these, 292 cases were classified as
asymptomatic to mild, while 90 cases fell into the
moderate to severe category. Conversely, normal

NLR levels (<5.8) were identified in only 122
asymptomatic to mild cases and 21 moderate to
severe cases. These findings are consistent with
those  reported who  demonstrated a
significant association between elevated NLR
levels and COVID-19 severity.?’

The interconnected roles of CRP, D-Dimer, and
NLR highlights their collective role in assessing
disease severity among pregnant women with
COVID-19. Elevated CRP indicates systemic
inflammation driven by cytokine release during
infection, which can lead to increased neutrophil
activation reflected by higher NLR values.???
Concurrently,  elevated D-Dimer  signifies
coagulation disturbances that are particularly
concerning in pregnant patients due to their
predisposition to thrombotic events.® Thus,
these biomarkers not only serve as indicators of
individual pathological processes but also reflect
broader physiological changes occurring during
COVID-19 infection.?*24

The integration of these biomarkers into
clinical practice can enhance risk stratification
for pregnant women diagnosed with COVID-19.
Recognizing elevated levels of CRP, D-Dimer, and
NLR could guide healthcare providers in making
timely decisions regarding patient management
strategies aimed at mitigating adverse outcomes
for both mothers and infants.

CONCLUSION

Biomarkers such as CRP, D-Dimer, and the NLR
have demonstrated a strong correlation with
the severity of COVID-19 in pregnant women.
These quantitative markers reflect underlying
pathological processes, including inflammation,
coagulation disturbances, and immune
dysregulation. Elevated levels of these biomarkers
can serve as valuable adjuncts in clinical practice,
aiding in the stratification of disease severity,
guiding therapeutic interventions, and predicting
maternal outcomes in affected patients. Further
research is warranted to refine their predictive
utility in obstetric care during infectious disease
outbreaks.

STUDY of LIMITATION

The findings of this study provide insight into
the impact of COVID-19 during the period when
the alpha variant was predominant. However, it
is important to acknowledge certain limitations.
This research was limited to a one-year timeframe,
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while the pandemic extended beyond that period.
Data from subsequent waves involving the delta
and omicron variants, which were associated
with higher mortality rates, were not included.
As a result, the findings may not fully capture
the evolving dynamics and severity of COVID-19
across different variants. Future multicenter,
longitudinal studies that encompass multiple
viral variants are warranted to validate and
expand upon these findings. Such studies could
provide a more comprehensive understanding of
the pandemic’s impact and inform public health
strategies more effectively.

ACKNOWLEDGEMENTS

The authors sincerely thank the research team in
the Department of Obstetrics and Gynecology,
Persahabatan Hospital Jakarta, and the Faculty
of Medicine, Universitas Indonesia, for their
coordination of the study and data collection
activities. We extend our heartfelt gratitude to
Botefilia Arjunadi, Oni Khonsa, Ni Made Desy
Suratih, Tri Apriliawan Bedarto Raharjo, Zakia,
Mohamad Rezha Faisal, Purnawan Senoaji,
Anindhita, Muhamad Farhan Djamal Hasan,
Amanda Mustika, Arie Aldila, Igra Nugraha, and
Wael Oemar for their invaluable contributions to
this research. Their support and dedication were
instrumental in the successful completion of this
study

REFERENCES

1. Satuan Tugas Penanganan COVID-19. Asesmen Situasi
Pandemi COVID-19 di Indonesia https://covid19.go.id/
situasi.

2.  World Health Organization. WHO Coronavirus Disease
(COVID-19) Dashboard. 2020. https://covid19.who.int.

3.  Komite Penanganan COVID-19 dan Pemulihan Ekonomi
Nasional. Peta Sebaran COVID-19. 2020. https://
covid19.go.id/peta-sebaran-covid19.

4. National Center for Health Statistics. Maternal and
Infant Characteristics among Women with Confirmed
or Presumed Cases of Coronavirus Disease (COVID-19)
during Pregnancy. 2021. https://www.cdc.gov/nchs/
covid19/technical-linkage.htm.

5. Irwinda R, Aziz MA, Akbar MIA, et al. The association
of COVID-19 severity with laboratory parameters,
radiologic findings, maternal and neonatal outcomes in
pregnant women: A multicenter study in Indonesia. J
South Asian Fed Obstet Gynaecol. 2023;15(2):199-205.
doi:10.5005/jp-journals-10006-2221.

6. Akbar MIA, Gumilar KE, Andriya R, et al. Clinical
manifestations and pregnancy outcomes of COVID-19
in Indonesian referral hospital in central pandemic area.
Obstet Gynecol Sci. 2022;65(1):29-36. doi:10.5468/
0gs.21135.

7.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Stein AJ, Black JR, Brown NA, et al. General guidelines in
the management of an obstetrical patient on the labor
and delivery unit during the COVID-19 pandemic. Am J
Perinatol. 2020;37(8):830-7.

Cleverley J, Piper J, Jones MM. The role of chest
radiography in confirming COVID-19 pneumonia. BMJ.
2020;370:m2426. doi:10.1136/bmj.m2426.

Gong J, Dong H, Xia QS, et al. Correlation analysis
between disease severity and inflammation-related
parameters in patients with COVID-19: a retrospective
study. BMC Infect Dis. 2020;20(1). doi:10.1186/s12879-
020-05681-5

Rostami M, Mansouritorghabeh H. D-dimer level in
COVID-19 infection: a systematic review. Expert Rev
Hematol. 2020;13(11). doi:10.1080/17474086.2020.183
1383

Paixdo JTR, Santos C de JS e, Franca APF de M, et al.
Association of D-Dimer, C-Reactive Protein, and Ferritin
with COVID-19 Severity in Pregnant Women: Important
Findings of a Cross-Sectional Study in Northern Brazil.
IntJ Environ Res Public Health. 2023;20(14). doi:10.3390/
ijerph20146415

Kementerian Kesehatan Republik Indonesia. Panduan
pelaksanaan pemeriksaan, pelacakan, karantina, dan
isolasi dalam rangka percepatan pencegahan dan
pengendalian Coronavirus Disease 2019 (COVID-19).
Keputusan Menteri Kesehatan Republik Indonesia
Nomor HK.01.07/MENKES/4641/2021; 2021.

Marnell L, Mold C, Du Clos TW. C-reactive protein:
Ligands, receptors and role in inflammation. Clin
Immunol. 2005;117(2). doi:10.1016/j.clim.2005.08.004
Young B, Gleeson M, Cripps AW. C-reactive
protein: A critical review. Pathol. 1991;23(2).
doi:10.3109/00313029109060809

Ali N. Elevated level of C-reactive protein may be an
early marker to predict risk for severity of COVID-19. J
Med Virol. 2020;92(11). doi:10.1002/jmv.26097
Gebrecherkos T, Challa F, Tasew G, et al. Prognostic
Value of C-Reactive Protein in SARS-CoV-2 Infection: A
Simplified Biomarker of COVID-19 Severity in Northern
Ethiopia. Infect Drug Resist. 2023;16. doi:10.2147/IDR.
S410053

Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous
thromboembolism in patients with severe novel
coronavirus pneumonia. J Thromb Haemost. 2020;18(6).
doi:10.1111/jth.14830

Gutiérrez Garcia I, Pérez Cafiadas P, Martinez Uriarte
J, Garcia Izquierdo O, Angeles Jodar Pérez M, Garcia
de Guadiana Romualdo L. D-dimer during pregnancy:
establishing trimester-specific reference intervals.
Scand J Clin Lab Invest. 2018;78(6). doi:10.1080/003655
13.2018.1488177

Uzel K, Lakhno L PCR positivity and D-dimer levels
in pregnant women with COVID-19. Clin Exp Obstet
Gynecol. 2020;47(5). doi:10.31083/J.CEOG.2020.05.2229
Kermali M, Khalsa RK, Pillai K, Ismail Z, Harky A. The role
of biomarkers in diagnosis of COVID-19 — A systematic
review. Life Sci. 2020;254. doi:10.1016/j.1fs.2020.117788
Yildiz H, Castanares-Zapatero D, Pierman G, et al.
Validation of neutrophil-to-lymphocyte ratio cut-off
value associated with high in-hospital mortality in
covid-19 patients. Int J Gen Med. 2021;14. doi:10.2147/
JGM.S326666



Vol 14. No 1. January 2026

Inflammatory Marker and their

22.

23.

Rotty L, Kurube J, Harijanto PN, et al. The Correlation
between  Neutrophil-to-Lymphocyte  Ratio  with
C-reactive Protein and D-dimer Level among Indonesian
COVID-19 Cases. Open Access Maced J Med Sci.
2022;10. doi:10.3889/0amjms.2022.8545

Gindiz O, Seven B, Seval Ozgu-Erdinc A, et al.
Correlation of systemic inflammation biomarkers and
disease severity in pregnant women with COVID-19.
Rev Assoc Med Bras. 2023;69(6). doi:10.1590/1806-
9282.20221614

24. Nurfianto S, Hary G, Adnyana E, Suhanda R, Evrillisa GA,

Laurentina Y. Comparison of D-dimer Levels Based on
COVID-19 Severity Degree in Third-trimester Pregnant
Women at dr. Doris Sylvanus Hospital. Published online
2024. doi:10.33860/jik.v17i4.3601





