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Correlation of systemic inflammation biomarkers and disease 
severity in pregnant women with COVID-19
Özlem Gündüz1* , Banu Seven1 , A.Seval Ozgu-Erdınc2 , Sule Goncu Ayhan1 , Dilek Sahin2 , 
Ozlem Moraloglu Tekin2 , Huseyin Levent Keskin2

INTRODUCTION
The pandemic caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) created an unprecedented global 
health crisis and affected millions of people. COVID-19 infec-
tion often begins with flu-like symptoms but may progress to 
pneumonia, acute respiratory distress syndrome, multisystemic 
dysfunction, and death in some patients1. The elderly and those 
with chronic diseases are high-risk individuals for COVID-19 
complications. In addition, due to physiological and immuno-
logical adaptive changes during pregnancy, the risk of severe 
disease is higher in pregnant women2. According to CDC data 
covering 400,000 people at reproductive age, pregnant women 
with COVID-19 are 3 times more likely to be admitted to 
the intensive care unit, 2.9 times more likely to require inva-
sive ventilation, 2.4 times more likely to require extracorpo-
real membrane oxygenation, and 1.7 times more likely to die3.

Early prediction of serious illness is critical for patient tri-
age and management as the COVID-19 pandemic has placed 

unprecedented strain on the medical system worldwide4. Therefore, 
several studies have focused on available laboratory data to 
assess and predict clinical severity in patients with COVID-19. 
The most frequently used test in clinical practice is the whole 
blood count test. Whole blood parameters [i.e., leukocyte, neu-
trophil, lymphocyte hemoglobin, hematocrit, platelet, and mean 
platelet volume (MPV)] and inflammatory indices were used 
to classify COVID-19 patients. Systemic inflammatory indi-
ces [i.e., neutrophil/lymphocyte ratio (NLR), platelet/lympho-
cyte ratio (PLR), platelet/neutrophil ratio (PNR), and systemic 
immune inflammation index (SII:NxP/L)] are ratio indices that 
are accepted as effective indicators of systemic inflammation and 
immune balance. As COVID-19 infection is associated with a 
high inflammation burden, these indices play an important role 
in the diagnosis, prognosis, and treatment evaluation of the dis-
ease5. The systemic immune inflammation index is one of the 
most up-to-date parameters since it has been defined recently6. 
Additionally, studies on COVID-19 patients showed increased 
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SUMMARY
OBJECTIVE: The aim of this study was to evaluate the prognostic value of whole blood parameters, systemic inflammatory indices, and systemic 

inflammatory markers in pregnant women with COVID-19.

METHODS: In this cross-sectional study, the demographic, clinical, and laboratory data (i.e., whole blood parameters, C-reactive protein, 

procalcitonin, ferritin, and D-dimer) of 464 pregnant women with COVID-19 who attended a tertiary hospital between January and April 2021 

were reviewed. Systemic inflammatory indices (i.e., neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, platelet/neutrophil ratio, and systemic 

immune inflammation index) were calculated. Asymptomatic and mildly symptomatic pregnant women were classified as Group 1 (n=413), and 

those with severe disease were classified as Group 2 (n=51).

RESULTS: Lymphocyte count and lymphocyte percentage in whole blood parameters were significantly lower (p<0.05), and C-reactive protein, 

ferritin, and procalcitonin values were higher in Group 2 (p<0.05). Systemic inflammatory indices [neutrophil/lymphocyte ratio (4.7±2.9 (1.1–21.2) 

vs 7.5±4.7 (2.13–23.2)), platelet/lymphocyte ratio (191.1±104.3 (53.0–807.1) vs 269.5±118.9 (105.0–756.0)), systemic immune inflammation 

index (1,000±663 (209–5,231) vs 1,630±1,314 (345–7,006))] were found statistically significantly higher in severe disease group (p<0.001).

CONCLUSION: Evidence in this study indicates that neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, and systemic immune inflammation 

index at first admission are simple, rapid, and inexpensive indices in predicting the prognosis of COVID-19 in pregnant women.
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values of systemic inflammatory biomarkers such as C-reactive 
protein (CRP), ferritin, procalcitonin, and D-dimer7.

The aim of this study was to evaluate the prognostic value 
of whole blood parameters, systemic inflammatory indices, 
and systemic inflammatory markers in SARS-CoV-2-positive 
pregnant women.

METHODS
This cross-sectional study included 464 pregnant COVID-19 
women (confirmed by PCR test), who were admitted to the 
COVID-19 service of a tertiary level hospital between January 
and April 2021, due to obstetric or non-obstetric (presence of 
COVID-19 symptoms) reasons. Both the Institutional Ethics 
Committee (E2-21-448) and the Turkish Ministry of Health 
approved the study. Informed consent was obtained from all 
patients participating in the study.

Demographic data, symptoms related to COVID-19, oxy-
gen saturation, and laboratory values (i.e., whole blood param-
eters, CRP, ferritin, D-dimer, and procalcitonin) of the preg-
nant women at their first admission were examined. A precise 
diagnosis of COVID-19 infection was arrived at following the 
detection of SARS-CoV-2 positivity via RT-PCR analysis of 
nasopharyngeal and oropharyngeal specimens. Only pregnant 
women with positive PCR test results were included in the 
study. Subjects with other acute or chronic infectious diseases, 
hematological disorders, malignancies, and systemic diseases 
were excluded from the study. Systemic inflammation indices 
were calculated using data from complete blood count tests.

Patients were grouped as asymptomatic, mildly symptom-
atic, and severe disease. Those with symptoms such as fever, 
cough, and sore throat but without respiratory distress were 
considered mildly symptomatic and those with respiratory 
rate>24/min and/or SatO2<93% were considered severe dis-
ease. Asymptomatic and mildly symptomatic pregnant women 
were classified as Group 1 (n=413) and those with severe dis-
ease were classified as Group 2 (n=51).

Statistical analyses were performed by using SPSS (version 
21.0; IBM Corporation, NY, USA). As the data were distributed 
normally, the descriptive results were expressed as mean±SD 
for all subjects and each group. Chi-square test was used to 
compare the categorical variables, and the differences between 
the continuous variables were analyzed using the independent 
sample t-test. By performing receiver operating characteristic 
(ROC) analysis, the threshold value of inflammation indices 
for disease severity was found. As a result of statistical analysis, 
p≤0.05 value was considered statistically significant.

RESULTS
The results of 413 pregnant women in Group 1 (170 asymp-
tomatic and 243 mildly symptomatic) and 51 patients in Group 
2 were analyzed. In Group 2, the mean age (30.5±5.3 years vs 
28.7±5.5 years) and the gestational week (23.5±10.5 vs 27.2±7.2) 
were higher (p<0.05). When examined based on the gestational 
periods, 22.0% (n=102) of 464 cases were in the first trimester, 
40.7% (n=189) were in the second trimester, and 37.3% (n=173) 
were in the third trimester. While only 7.8% (4/51) of Group 2 
cases were in the first trimester, 40.2% (21/51) were in the sec-
ond trimester and 51.0% (26/51) were in the third trimester. 
Severe disease was found to be statistically significantly higher 
in the third trimester (p=0.017) (Table 1).

Of the 10 critically ill pregnant women who needed to 
be admitted to the intensive care unit, 3 were in the second 
trimester and 7 were in the third trimester. Six patients were 
intubated. Maternal mortality was observed in two cases, and 
both were in the third trimester.

Lymphocyte count and lymphocyte percentage in whole 
blood parameters were significantly lower in patients with severe 
disease (p<0.05). Other whole blood parameters were found 
similar between groups. CRP, ferritin, and procalcitonin values 
were higher in severe disease (p<0.05). Systemic inflammatory 
indices [NLR (4.7±2.9 (1.1–21.2) vs 7.5±4.7 (2.13–23.2)), PLR 
(191.1±104.3 (53.0–807.1) vs 269.5±118.9 (105.0–756.0)), 

Table 1. Demographic data of the groups according to the severity of the disease.

Group 1 (n=413)
(asymptomatic/mildly symptomatic)

Group 2 (n=51)
(severe disease)

p-value

Age* 28.7±5.5 (17–44) 30.5±5.3 (19–41) 0.030†

Gravida (n)* 2.24±1.35 (1–10) 2.45±1.39 (1–7) 0.288†

Parity (n)* 0.88±1.05 (0–9) 0.98±0.86 (0–3) 0.527†

Abortus (n)* 0.35±0.70 (0–5) 0.43±0.78 (0–3) 0.462†

Gestational week* 23.5±10.5 (5–41) 27.2±7.2 (8–38) 0.014†

*Mean±SD (min–max); †independent sample t-test. Statistically significant values are indicated in bold.
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SII (1,000±663 (209–5,231) vs 1,630±1,314 (345–7,006))] 
were statistically significantly higher in pregnant women with 
severe disease (p<0.001) (Table 2). If the SII threshold value 
of COVID-19 pregnant women was calculated above 992 
(AUC=0.704, 95%CI: 0.632–0.775, p<0.001), it can be 
accepted that the pregnant women have severe disease with 
66.7% sensitivity and 66.8% specificity (Figure 1). The risk of 
severe COVID-19 disease was four times higher if the SII value 
was above 992 (OR: 3.986, 95%CI: 2.150–7.387).

DISCUSSION
This study holds significance because the participants were 
pregnant women. In this study, 88.2% of the pregnant women 
were asymptomatic or mildly symptomatic, and 12.8% had 
severe disease. The observed rates of disease severity in pregnant 
women align with recent analyses8. Studies during the COVID-
19 pandemic have shown that the vast majority of severe cases 
occur in the third trimester of pregnancy9. Similarly, in this 
study, severe disease was found to be statistically significantly 
higher in the third trimester (p=0.017).

Maternal immune response, viral clearance, and ultimately, 
perinatal outcomes may be affected by the timing of infection 

Table 2. Laboratory data of the groups according to the severity of the disease.

Group 1 (n =413)
(Asymptomatic / mild symptomatic)

Group 2 (n =51)
(Severe Disease)

p

Leukocyte (n/mm3)* 7,345±2,812 (2,680–27,000) 7,256±3,722 (2,780–25,600) 0.830†

Neutrophil (n/mm3)* 5,401±2,274 (1,500–18,400) 5,988±3,483 (1,800–23,200) 0.105†

Lymphocyte (n/mm3)* 1,330±567 (250–4,170) 873±307 (250–1,750) <0.001†

Lymphocyte <800/mm3** 72 (%17.4) 23 (%45.1) <0.001‡

Lymphocyte (%)* 19.0±7.1 (1.0–42.8) 13.7±5.4 (3.9–29.0) <0.001†

Hemoglobin (g/dL)* 12.2±1.3 (8.0–15.6) 11.8±1.4 (8.8–15.0) 0.052†

Hemotocrit (%)* 36.9±3.7 (24.0–47.8) 35.9±4.2 (25.7–45.0) 0.061†

Thrombocyte (n/mm3)* 214,990±58,273 (79,000–419,000) 211,294±55,274 (110,000–366,000) 0.668†

MPV (fL)* 8.7±1.2 (6.4–16.2) 8.7±1.2 (6.7–13.9) 0.724†

CRP (mg/L)* 19.7±21.4 (0.5–156) 61.6±32.0 (0.075–0.142) <0.001†

CRP >50 mg/L** 31 (%7.5) 33 (%64.7) <0.001‡

D-Dimer (μg/L)* 1,587±1,438 (200–1,240) 1,892±1,242 (200–5,500) 0.147†

D-Dimer >1,000 μg/L** 231 (%55.9) 38 (%74.5) 0.011‡

Ferritin (ng/mL)* 35.6±42.1 (1–320) 133.1±215.3 (8–1,341) <0.001†

Ferritin >500 ng/mL** 0 2 (%3.9) <0.001‡

Procalcitonin (μg/L)* 0.05±0.10 (0.03–1.5) 1.47±9.30 (0.03–66.5) 0.002†

NLO* 4.7±2.9 (1.1–21.2) 7.5±4.7 (2.13–23.2) <0.001†

PLO* 191.1±104.3 (53.0–807.1) 269.5±118.9 (105.0–756.0) <0.001†

TNO* 45.4±20.0 (10.0–150.3) 42.5±18.5 (10.6–90.0) 0.322†

SII* 1,000±663 (209–5,231) 1,630±1,314 (345–7,006) <0.001†

*Mean±SD (min–max); **n (%); †independent sample t-test; ‡chi-square test. Statistically significant values are indicated in bold.

Figure 1. Receiver operating characteristic curve for systemic immune 
inflammation index and COVID-19 severity in pregnant women.
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during pregnancy10. Consisting of three stages, the immune 
regulation process during pregnancy is complicated. While the 
inflammation required for blastocyst implantation is common 
in the first trimester of pregnancy, the second trimester ushers 
the anti-inflammatory and T helper 2 (TH2)-type environ-
ment necessary for fetal growth. The immune system switches 
to an inflammatory and TH1-type condition in the third tri-
mester, which is important for labor and delivery. As the first 
and third trimesters are proinflammatory, pregnant women 
infected with SARS-CoV-2 during these trimesters may be at 
higher risk for excessive responses to the virus (cytokine storm) 
and severe disease11. In our study, the rate of serious cases was 
higher in the third trimester and lower in the first trimester 
when compared to other trimesters.

Detecting patients with a poor prognosis seems to be one 
of the most important goals of medical professionals due to the 
limited capacity of hospitals during the pandemic. Therefore, 
many studies have researched clinical, radiological, and labora-
tory characteristics and risk factors that influence disease prog-
nosis12,13. Whole blood tests are the most studied laboratory 
tests in COVID-19 research because they are simple, rapid, 
inexpensive, and informative.

SARS-CoV-2 infects T cells through angiotensin-convert-
ing enzyme 2 (ACE2) receptors and the CD147-spike pro-
tein, lowers CD3+, CD4+, and CD8+ T lymphocyte levels, 
and increases the number of regulatory T cells. The increase in 
proinflammatory cytokines during T-cell lymphopenia in severe 
COVID-19 patients leads to a cytokine storm that results in 
multiple organ failure and death14. As an indicator of disease 
severity, lymphopenia has been studied in the literature both in 
the general population and in pregnant women15. Consistent 
with the literature, in our study, lymphocyte count and lym-
phocyte percentage were found to be significantly lower in the 
severe group than in the non-severe group (p<0.05). The values 
of other whole blood parameters were similar between groups.

NLR, PRL, and SII are inflammatory indices considered 
in the diagnosis and progression of a number of inflammatory 
and infectious disorders, including COVID-19 infection16. 
As hyperinflammation plays an important role in COVID-19 
severity, these indices are valuable in reflecting the patient’s 
immune and inflammatory status. The role of NLR in predict-
ing severe disease has been identified in both adults and preg-
nant women6,7,17. In a multicenter study of pregnant women 
with COVID-19, Lasser et al. found that lymphocyte count 
and NLR on presentation are extremely sensitive markers of 
progression to severe illness18. PLR on admission was reported 
to be higher in severe COVID-19 compared to non-severe cases 
in the general population7. Carranza et al. stated that PLR in 

pregnant women was significantly higher in the severe disease 
group19. Similar to recent reports, we found that NLR and PRL 
were statistically significantly higher in pregnant women with 
severe disease (p<0.001).

Previous studies have already pointed to SII, calculated from 
lymphocyte, neutrophil, and platelet counts, as a prognostic 
marker in patients with cancer and other inflammatory diseases. 
SII has also been reported as a valuable marker for predicting the 
clinical course of patients infected with SARS-CoV-220-22. Fois 
et al. found that the SII value in COVID-19 patients increased 
mainly due to pulmonary and respiratory damage rather than 
other clinical comorbidities14. Nalbant et al. reported 70.8% 
sensitivity and 66.0% specificity in estimating disease severity 
when the cutoff value for SII was ≥813.620. Similar results have 
been reported in studies examining the role of SII in predict-
ing the need for intensive care and mortality14,23. To the best 
of our knowledge, very few data on the association of SII and 
disease severity have been reported in pregnant women with 
COVID-19, although it has been studied in the general popu-
lation. In our results, SII values in pregnant women with severe 
COVID-19 were found to be statistically significantly higher 
than those with mild disease. Also, it is determined that SII, 
with a cutoff value of 992 (66.7% sensitivity, 66.8% specificity, 
19.8% positive predictive value, and 94.2% negative predic-
tive value) can be accepted as a remarkable indicator to predict 
severe course in pregnant women.

Many studies have suggested some serological parameters 
as valuable inflammation biomarkers for the diagnosis and risk 
estimation of severe COVID-19 infection in both the general 
population and pregnant women7,24,25. Demirkol et al. found 
higher levels of CRP, LDH, D-dimer, ferritin, and leukocyte 
in patients who deceased compared to those who survived26. 
Arslan et al. observed that NLR, LDH, AST, ALT, ferritin, and 
procalcitonin levels in severe pregnant COVID-19 patients were 
significantly higher at the time of admission compared to the 
mild group27. Likewise, Berry et al. reported increased levels 
of CRP, ferritin, and procalcitonin associated with COVID-19 
severity in pregnant women28. Consistent with previous reports, 
we found that CRP, D-dimer, ferritin, and procalcitonin val-
ues were significantly increased in the severely infected group 
in our study (p<0.05).

       There are several limitations of our study. First, this 
is a single-center study. Second, although obesity is associated 
with increased levels of inflammatory mediators29, the patients’ 
BMIs were not evaluated due to insufficient data in the med-
ical records. Moreover, all pregnant women in our study were 
unvaccinated; therefore, it may be useful to design a similar 
study with vaccinated women to evaluate the role of the vaccine 
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in pregnancy. The final limitation is that different COVID-19 
variations display distinct morbidity and death consequences. 
As a result, we suggest future researchers to update the infor-
mation on systemic inflammatory indicators, especially for 
newly discovered variants.

  In conclusion, it is very important to determine all clini-
cal and laboratory parameters that will facilitate the risk strat-
ification process in pregnant women with COVID-19 because 
pregnancy itself may be associated with unpredictable risks and 
complications. Although many studies in the literature have 
examined the prognostic value of systemic inflammation indi-
ces in COVID-19 patients, only few have focused on pregnant 
women. The evidence in this study indicates that NLR, PRL, 
and SII are notable systemic inflammation indices to predict 
COVID-19 severity in pregnant women. In addition, high 
CRP, ferritin, D-dimer, and procalcitonin levels were found to 
be associated with disease severity. These inflammatory markers 

on admission appear useful in rapidly identifying high-risk 
patients and reducing adverse maternal and perinatal outcomes.

AUTHORS’ CONTRIBUTIONS
ÖG: Conceptualization, Data curation, Formal Analysis, 
Funding acquisition, İnvestigation, Methodology, Project 
administration, Resources, Software, Writing – original draft. 
BS: Conceptualization, Data curation, Formal Analysis, Funding 
Acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Writing – original draft. ASOE: Resources, 
Supervision, Visualization. SGA: Formal Analysis, Investigation, 
Validation, Visualization. DS: Conceptualization, Formal Analysis, 
Project administration, Supervision. OMT: Conceptualization, 
Resources, Supervision, Validation. HLK: Conceptualization, 
Formal Analysis, Methodology, Project administration, Software, 
Visualization, Writing – original draft.

REFERENCES
1.	 Aktas G. A comprehensive review on rational and effective 

treatment strategies against an invisible enemy; SARS Cov-2 
infection. Exp Biomed Res. 2020;3(4):293-311. https://doi.
org/10.30714/J-EBR.2020463629

2.	 Vakili S, Savardashtaki A, Jamalnia S, Tabrizi R, Nematollahi MH, 
Jafarinia M, et al. Laboratory findings of COVID-19 infection 
are conflicting in different age groups and pregnant women: a 
literature review. Arch Med Res. 2020;51(7):603-7. https://doi.
org/10.1016/j.arcmed.2020.06.007

3.	 Zambrano LD, Ellington S, Strid P, Galang RR, Oduyebo T, Tong 
VT, et al. Update: characteristics of symptomatic women of 
reproductive age with laboratory-confirmed SARS-CoV-2 ınfection 
by pregnancy status - United States, January 22-October 3, 2020. 
MMWR Morb Mortal Wkly Rep. 2020;69(44):1641-7. https://
doi.org/10.15585/mmwr.mm6944e3

4.	 Gallo Marin B, Aghagoli G, Lavine K, Yang L, Siff EJ, Chiang SS, 
et al. Predictors of COVID-19 severity: a literature review. Rev 
Med Virol. 2021;31(1):1-10. https://doi.org/10.1002/rmv.2146

5.	 Aktas G. Hematological predictors of novel coronavirus infection. 
Rev Assoc Med Bras (1992). 2021;67(Suppl 1):1-2. https://doi.
org/10.1590/1806-9282.67.Suppl1.20200678

6.	 Acar E, Demir A, Yıldırım B, Kaya MG, Gökçek K. The role of 
hemogram parameters and C-reactive protein in predicting mortality 
in COVID-19 infection. Int J Clin Pract. 2021;75(7):e14256. 
https://doi.org/10.1111/ijcp.14256

7.	 Karimi A, Shobeiri P, Kulasinghe A, Rezaei N. Novel systemic 
ınflammation markers to predict COVID-19 prognosis. 
Front Immunol. 2021;12:741061. https://doi.org/10.3389/
fimmu.2021.741061

8.	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical 
characteristics of coronavirus disease 2019 in China. N Engl J Med. 
2020;382(18):1708-20. https://doi.org/10.1056/NEJMoa2002032

9.	 Boushra MN, Koyfman A, Long B. COVID-19 in pregnancy and 
the puerperium: a review for emergency physicians. Am J Emerg 
Med. 2021;40:193-8. https://doi.org/10.1016/j.ajem.2020.10.055

10.	 Narang K, Enninga EAL, Gunaratne MDSK, Ibirogba ER, Trad 
ATA, Elrefaei A, et al. SARS-CoV-2 ınfection and COVID-19 
during pregnancy: a multidisciplinary review. Mayo Clin Proc. 
2020;95(8):1750-65. https://doi.org/10.1016/j.mayocp.2020.05.011

11.	 Mor G, Aldo P, Alvero AB. The unique immunological and microbial 
aspects of pregnancy. Nat Rev Immunol. 2017;17(8):469-82. 
https://doi.org/10.1038/nri.2017.64

12.	 Leulseged TW, Hassen IS, Ayele BT, Tsegay YG, Abebe DS, Edo MG, et al. 
Laboratory biomarkers of COVID-19 disease severity and outcome: 
Findings from a developing country. PLoS One. 2021;16(3):e0246087. 
https://doi.org/10.1371/journal.pone.0246087

13.	 Savasi VM, Parisi F, Patanè L, Ferrazzi E, Frigerio L, Pellegrino A, 
et al. Clinical findings and disease severity in hospitalized pregnant 
women with coronavirus disease 2019 (COVID-19). Obstet Gynecol. 
2020;136(2):252-8. https://doi.org/10.1097/AOG.0000000000003979

14.	 Fois AG, Paliogiannis P, Scano V, Cau S, Babudieri S, Perra R, et al. 
The systemic ınflammation ındex on admission predicts ın-hospital 
mortality in COVID-19 patients. Molecules. 2020;25(23):5725. 
https://doi.org/10.3390/molecules25235725

15.	 Fu J, Kong J, Wang W, Wu M, Yao L, Wang Z, et al. The clinical 
implication of dynamic neutrophil to lymphocyte ratio and D-dimer 
in COVID-19: a retrospective study in Suzhou China. Thromb Res. 
2020;192:3-8. https://doi.org/10.1016/j.thromres.2020.05.006

16.	 Khalid A, Ali Jaffar M, Khan T, Abbas Lail R, Ali S, Aktas G, et al. 
Hematological and biochemical parameters as diagnostic and 
prognostic markers in SARS-COV-2 infected patients of Pakistan: a 
retrospective comparative analysis. Hematology. 2021;26(1):529-
42. https://doi.org/10.1080/16078454.2021.1950898

17.	 Anggraini NWP, Sulistyowati S. Low neutrophil-to-lmphocyte 
ratio decreases risk of coronavirus disease in pregnant women. 
Universa Medicina. 2020;39(2):88-96. https://doi.org/10.18051/
UnivMed.2020.v39.88-96

18.	 Lasser DM, Chervenak J, Moore RM, Li T, Knight C, Teo HO, et al. 
Severity of COVID-19 respiratory complications during pregnancy are 
associated with degree of lymphopenia and neutrophil to lymphocyte 
ratio on presentation: a multicenter cohort study. Am J Perinatol. 
2021;38(12):1236-43. https://doi.org/10.1055/s-0041-1732421

https://pubmed.ncbi.nlm.nih.gov/?term=Goncu+Ayhan+S&cauthor_id=33872386
https://pubmed.ncbi.nlm.nih.gov/?term=Sahin+D&cauthor_id=33872386
https://pubmed.ncbi.nlm.nih.gov/?term=Moraloglu+Tekin+O&cauthor_id=33872386
https://pubmed.ncbi.nlm.nih.gov/?term=Keskin+HL&cauthor_id=33236293
https://doi.org/10.30714/J-EBR.2020463629
https://doi.org/10.30714/J-EBR.2020463629
https://doi.org/10.1016/j.arcmed.2020.06.007
https://doi.org/10.1016/j.arcmed.2020.06.007
https://doi.org/10.15585/mmwr.mm6944e3
https://doi.org/10.15585/mmwr.mm6944e3
https://doi.org/10.1002/rmv.2146
https://doi.org/10.1590/1806-9282.67.Suppl1.20200678
https://doi.org/10.1590/1806-9282.67.Suppl1.20200678
https://doi.org/10.1111/ijcp.14256
https://doi.org/10.3389/fimmu.2021.741061
https://doi.org/10.3389/fimmu.2021.741061
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/j.ajem.2020.10.055
https://doi.org/10.1016/j.mayocp.2020.05.011
https://doi.org/10.1038/nri.2017.64
https://doi.org/10.1371/journal.pone.0246087
https://doi.org/10.1097/AOG.0000000000003979
https://doi.org/10.3390/molecules25235725
https://doi.org/10.1016/j.thromres.2020.05.006
https://doi.org/10.1080/16078454.2021.1950898
https://doi.org/10.18051/UnivMed.2020.v39.88-96
https://doi.org/10.18051/UnivMed.2020.v39.88-96
https://doi.org/10.1055/s-0041-1732421


6

Rev Assoc Med Bras 2023;69(6):e20221614

Inflammation biomarkers can predict severe disease in pregnant women with COVID-19

19.	 Carranza Lira S, García Espinosa M. Differences in the neutrophil/
lymphocyte ratio and the platelet/lymphocyte ratio in pregnant 
women with and without COVID-19. Int J Gynaecol Obstet. 
2022;157(2):296-302. https://doi.org/10.1002/ijgo.13840

20.	 Nalbant A, Demirci T, Kaya T, Aydın A, Altındiş M, Güçlü E. Can 
prognostic nutritional index and systemic immune-inflammatory 
index predict disease severity in COVID-19? Int J Clin Pract. 
2021;75(10):e14544. https://doi.org/10.1111/ijcp.14544

21.	 Xue G, Gan X, Wu Z, Xie D, Xiong Y, Hua L, et al. Novel serological 
biomarkers for inflammation in predicting disease severity in 
patients with COVID-19. Int Immunopharmacol. 2020;89(Pt 
A):107065. https://doi.org/10.1016/j.intimp.2020.107065

22.	 Muhammad S, Fischer I, Naderi S, Faghih Jouibari M, Abdolreza 
S, Karimialavijeh E, et al. Systemic ınflammatory ındex ıs a novel 
predictor of ıntubation requirement and mortality after SARS-CoV-2 
ınfection. Pathogens. 2021;10(1):58. https://doi.org/10.3390/
pathogens10010058

23.	 Doganci S, Ince ME, Ors N, Yildirim AK, Sir E, Karabacak K, et al. A 
new COVID-19 prediction scoring model for in-hospital mortality: 
experiences from Turkey, single center retrospective cohort 
analysis. Eur Rev Med Pharmacol Sci. 2020;24(19):10247-57. 
https://doi.org/10.26355/eurrev_202010_23249

24.	 Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, et al. Prognostic value of 
interleukin-6, C-reactive protein, and procalcitonin in patients 

with COVID-19. J Clin Virol. 2020;127:104370. https://doi.
org/10.1016/j.jcv.2020.104370

25.	 Hazari KS, Abdeldayem R, Paulose L, Kurien N, Almahloul Z, 
Mohammad H, et al. Covid-19 infection in pregnant women 
in Dubai: a case-control study. BMC Pregnancy Childbirth. 
2021;21(1):658. https://doi.org/10.1186/s12884-021-04130-8

26.	 Demirkol ME, Bilgin S, Kahveci G, Kurtkulagi O, Atak Tel BM, 
Duman TT, et al. C-reactive protein-to-lymphocyte ratio is a reliable 
marker in patients with COVID-19 infection: the CLEAR COVID 
study. Cir Cir. 2022;90(5):596-601. https://doi.org/10.24875/
CIRU.22000124

27.	 Arslan B, Bicer IG, Sahin T, Vay M, Dilek O, Destegul E. Clinical 
characteristics and hematological parameters associated 
with disease severity in COVID-19 positive pregnant women 
undergoing cesarean section: a single-center experience. 
J Obstet Gynaecol Res. 2022;48(2):402-10. https://doi.
org/10.1111/jog.15108

28.	 Berry M, Wang A, Clark SM, Harirah HM, Jain S, Olson GL, et al. 
Clinical stratification of pregnant COVID-19 patients based on 
severity: a single academic center experience. Am J Perinatol. 
2021;38(5):515-22. https://doi.org/10.1055/s-0041-1723761

29.	 Purdy JC, Shatzel JJ. The hematologic consequences of obesity. 
Eur J Haematol. 2021;106(3):306-19. https://doi.org/10.1111/
ejh.13560

https://doi.org/10.1002/ijgo.13840
https://doi.org/10.1111/ijcp.14544
https://doi.org/10.1016/j.intimp.2020.107065
https://doi.org/10.3390/pathogens10010058
https://doi.org/10.3390/pathogens10010058
https://doi.org/10.26355/eurrev_202010_23249
https://doi.org/10.1016/j.jcv.2020.104370
https://doi.org/10.1016/j.jcv.2020.104370
https://doi.org/10.1186/s12884-021-04130-8
https://doi.org/10.24875/CIRU.22000124
https://doi.org/10.24875/CIRU.22000124
https://doi.org/10.1111/jog.15108
https://doi.org/10.1111/jog.15108
https://doi.org/10.1055/s-0041-1723761
https://doi.org/10.1111/ejh.13560
https://doi.org/10.1111/ejh.13560

