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Abstract:

COVID-19 mortality is much higher in members of the population with multiple co-morbidities.
Anemia is independently associated with all-cause mortality in patients hospitalized with COVID-
19. C-Reactive Protein (CRP) levels are increased in patients with renal failure and are an
independent predictor of cardiovascular mortality. This study used an observational case-control
method. Data were taken consecutively using medical records of patients who died as a case group
and lived as a control group with chronic kidney disease who underwent routine HD confirmed with
COVID-19 at Ulin General Hospital, Banjarmasin. The number of subjects in this study was 92
patients. High CRP levels (>30 mg/L) significantly increased the risk of death by 4 times (OR 4.330;
95% CI 1.800-10.416; p = 0.001). Low hemoglobin levels (<10 g/dl) did not affect mortality in
routine hemodialysis patients infected with COVID-19 (OR 0.643; 95% CI 0.281-1.471; p = 0.294).
An increased CRP in COVID-19 patients is thought to indicate extensive inflammation in the
infected lungs, then the condition of CKD patients undergoing routine hemodialysis with
compromised immunity increases the risk of severity and mortality in this population. There is an
effect of CRP levels on death from COVID-19 in Chronic Kidney Disease patients undergoing
routine hemodialysis at Ulin General Hospital, Banjarmasin.
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Introduction

The morbidity and mortality of COVID-19
are much higher in population members who
show several co-morbidities.? Patients with
chronic kidney disease usually have several
co-morbidities, such as hypertension,
diabetes, and cardiovascular disease. CKD is a
global public health problem with a total of
approximately 850 million CKD patients
worldwide. The incidence of CKD in China is
10.8% and estimates show that 119.5 million
Chinese adults have CKD.? People with CKD
are highly susceptible to COVID-19.
Hemodialysis patients need to visit the
hemodialysis center regularly three times a
week. Therefore, the hemodialysis center is a
potential vector for the spread of this
pandemic. In previous pandemic or disaster
situations, the death rate in patients
undergoing hemodialysis was much higher
than in the general population.3

Early follow-up efforts for Severe Acute
Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS) patients
demonstrated the importance of knowing
acute phase reactants for diagnosis and
prediction of prognosis in severe coronavirus
infections. It was reported that most SARS
patients had elevated C-reactive protein
(CRP).4

Anemia is a very common occurrence in
CKD patients undergoing routine
hemodialysis. Anemia is a global disease with
below-normal hemoglobin levels which is
related to the prognosis of many clinical
diseases, including diseases with respiratory
disorders such as COVID-19. Moderate-severe
anemia also predicts a more severe outcome
in COVID-19 patients. Anemia on admission
and changes in hemoglobin levels during
hospitalization may help further guide risk
stratification and management of patients
hospitalized with COVID-19.>®

C-Reactive Protein (CRP) levels are
increased in patients with renal failure and are
an independent predictor of cardiovascular
mortality.”® Patients with chronic kidney
disease (CKD) also have a high burden of

cardiovascular disease and are at greater risk
of death from cardiovascular disease. In
patients with renal failure, there is a close
pathophysiological relationship  between
cardiovascular disease, malnutrition, and
inflammation. C-reactive protein (CRP) levels
are a strong risk factor for cardiovascular
events.10-12

CRP levels in COVID-19 patients with
comorbid chronic kidney disease greatly
affect the mortality rate because of its
relationship with COVID-19 and chronic
kidney disease. The increasing CRP value
indicates the size of the lung lesions that occur
in COVID-19 infection and increases the risk of
cardiovascular disease in CKD patients who
routinely carry out hemodialysis.

Research Method

This was a case-control study to assess
prognostic factors such as C-Reactive Protein
and Hemoglobin level in Chronic Kidney
Disease on dialysis patients with COVID-19.
This research was conducted in 2020-2022 at
the Ulin Hospital Banjarmasin. The population
in this study was a Chronic Kidney Disease on
dialysis patient diagnosed with COVID-19 by
RT-PCR swab method treated at Ulin Hospital,
Banjarmasin. The inclusion criteria in this
study were Adults (>18 and <80 years old)
diagnosed with Chronic Kidney Disease on
dialysis with COVID-19 using the RT-PCR swab
method who are being treated at the Ulin
Hospital in Banjarmasin. Exclusion criteria
were adults diagnosed with Chronic Kidney
Disease on dialysis COVID-19 patients with
incomplete data and subjects with end-stage
malignancy.

The independent variables were levels of
C-Reactive Protein and Hemoglobin. The
dependent variables were survivor and non-
survivor. The variables were categorized as
high (>30 mg/dL) and low (<30 mg/dL) C-
Reactive Protein; low (<10 gr/dL) and high
(=10 gr/dL) Hemoglobin level.

The data collected were tabulated.
Descriptive data of patients were presented in
tables and percentages including patient
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characteristics. Bivariate analysis with chi- Results
square was used to determine the effect of
CRP and Hemoglobin level on mortality in
Chronic Kidney Disease on dialysis patients

with COVID-19.

The number of samples in this study was
92 subjects. The data that has been collected
is checked first to ensure that all sample data
has been filled in. Descriptive analysis is
presented in this study based on age, gender,
and characteristics of the subject data.

Table 1. Characteristics of research subject data.

Research Subject Population

Variable Death Life
(n=46) (n=46) p-value
Median age (years) 53,07 50,99 0,797
(mean)
Gender 1,000
Male 25 (54,3%) 25 (54,3%)
Female 21 (45,6%) 21 (45,6%)
Comorbid
Diabetes Mellitus 14 (30,4%) 17 (36,9%) 0,508
Hypertension 26 (56,5%) 32 (69,5%) 0,195
Heart Disease 3(6,5%) 5(10,8%) 0,459
Asthma 0 0 NA
COPD 1(2,1%) 0 1,000
Cerebrovascular Disease 0 2 (4,3%) 0,495
Smoking 2 (4,3%) 4 (8,6%) 0,677

COPD: Chronic Obstructive Pulmonary Disease

Based on gender, the majority of the
samples in this study were 50 (52%) male
subjects, while 42 (45.6%) were female
subjects. The highest mortality was found in
the male sex, namely 25 (27.1%) of the
sample. Based on Comorbidities, the majority

of the samples in this study suffered from
hypertension as many as 58 (60.4%) subjects,
while 31 (33.6%) subjects had diabetes
mellitus. The highest mortality was found in
patients with hypertension, namely 26
(28.2%) subjects.

Table 2. Effect of C-Reactive Protein levels on Death.

C-Ii?rec)(;:{;ve Death Status [ife Total Odd Ratio p-value
High 29 (63%) 13 (28,2%) 42 (45,6%)

Low 17 (36,9%) 33(71,7%) 50 (54,3%) 4,330 0,001
Total 46 46 92

Based on table 2, the majority of the
samples in this study had a high CRP category
with a total of 42 samples with 29 (63%) of
them being the dead group and the remaining
13 (28.2%) from the living group. While the
total samples with low CRP category were 50
samples with 33 (71.7%) of them from the
living group and 17 (36.9%) from the dead

group. Based on the chi-square test obtained
a p-value of 0.001. This value is less than 0.05,
which means that the hypothesis is accepted
or has the conclusion that CRP has an effect
on death in Chronic Kidney Disease patients
undergoing routine hemodialysis confirmed
with COVID-19 at Ulin Hospital, Banjarmasin.
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The odds ratio for CRP levels to death is
4.330, meaning that patients with Chronic
Kidney Disease who undergo routine
hemodialysis confirmed for COVID-19 with

Table 3. Effect of Hemoglobin levels on Death.

high CRP levels have a significantly 4-fold risk
of death compared to those with low CRP
levels when admitted to the hospital.

Hemoglobin Death Status Total Roa(:ido p-value
Low 23 (50%) 28 (60,8%) 51 (55,4%)
High 23 (50%) 18 (39,1%) 41 (44,5%) 0,643 0,294
Total 46 92

Based on table 3, the majority of the
samples in this study had high Hemoglobin
levels with a total of 41 subjects with 23 (50%)
subjects from the dead group and 18 (39.1%)
subjects from the living group. While the total
number of a subject with low hemoglobin
levels was 51 subject with 23 (50%) of them
from the dead group and 28 (60.8%) from the
living group. Based on the chi-square test
obtained a p-value of 0.294. This value is
greater than 0.05, which means that the
hypothesis is not accepted or has the
conclusion that hemoglobin levels do not
affect death in Chronic Kidney Disease
patients undergoing routine hemodialysis
confirmed with COVID-19 at Ulin General
Hospital, Banjarmasin.

Discussion

C-Reactive Protein is a type of protein
produced by the liver that functions as an
early marker of infection and inflammation. In
blood, the normal concentration of CRP is less
than 1 mg/dL; however, CRP increases rapidly
within 6 to 8 hours and gives its highest peak
within 48 hours of disease onset. Its half-life is
approximately 19 hours and concentrations
decrease as the inflammatory phase ends and
the patient recovers. CRP prefers to bind to
phosphocholine which is highly expressed on
the damaged cell surface. This binding
activates the classical complement pathway
of the immune system and modulates
phagocytic activity to clear microbes and
damaged cells from the organism. When

inflammation or tissue damage resolves, CRP
concentrations fall, making it a useful marker
for monitoring disease severity.!3

A 2020 systemic review by Henry et al. is
a meta-analysis that highlights possible
biomarkers related to the severity of COVID-
19, including:}* Hematologic  changes:
leukocytosis and neutrophilia, lymphopenia,
thrombocytopenia, decreased eosinophil
count, and anemia; Biochemical changes:
hypoalbuminemia, increased alanine and
aspartate transaminase, total bilirubin,
nitrogenous  waste  products, lactate
dehydrogenase, creatinine kinase, creatinine
kinase-myocardial band, troponin, and
myoglobin; Coagulation changes: quantitative
increase in D-dimer, and prothrombin time;
Inflammatory syndrome: increased, CRP, ESR,
ferritin, IL-6, IL-8, IL-10, and procalcitonin.

The results of this study are supported by
several studies with similar populations. An
increase in CRP in COVID-19 patients is
thought to indicate extensive inflammation in
the infected lungs, then the condition of CKD
patients undergoing routine hemodialysis
with compromised immunity increases the
risk of severity and mortality in this
population.®

In a study in Qatar by Savas et.al, found a
significant association of increased CRP with
the mortality of routine hemodialysis patients
infected with COVID-19 (p=0.004). significant
effect on mortality compared to CRP levels
which increased upon admission in routine
hemodialysis CKD patients infected with
COVID-19 (p=0.020).¢ A study conducted by
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Yonglong et.al., in China, found that a mild to
moderate increase in CRP with a median of
16.95 mg/L was significantly associated with
mortality in hemodialysis CKD patients
infected with COVID-19 (p=0.006).*> Research
conducted in Germany by Lisa et.al., found
increased CRP levels (> 30 mg/|, aOR 3.44, 95%
Cl 1.13-10.45, p = 0.029) significantly
associated with mortality in hemodialysis
patients infected with COVID-19. Anemia,
thrombocytopenia, increased LDH levels, and
increased CRP levels are early detection
parameters to predict mortality in
hemodialysis CKD patients infected with
CovID 19.%

In a study by Tanuj et.al.,, which was
conducted in India found factors that were
independently associated with the death of
hemodialysis patients infected with COVID-
19, including age over 60 years, neutrophil-
lymphocyte ratio (NLR) >6, CRP >20 mg/L,
serum LDH >250 IU/L, CT Grades 3 and 4 and
needed assisted breathing. Biochemical tests
for systemic inflammation in the form of
increased CRP increased LDH, and increased
NLR was found to be independent predictors
of death.®

Kenan et.al., found in their study that
lymphocyte and hemoglobin levels were low,
while CRP and ferritin levels were high at
initial admission to the hospital in routine
hemodialysis patients confirmed with COVID-
19. High CRP and Ferritin levels were also
found in patients who died (p. =<0.001 and
p=<0.05). Cytokine storm is the cause of
increased CRP levels, lymphopenia, and
leukopenia which are related to the severity of
COVID-19 patients.8

In a study in Turkey by Ebru et.al., found
that at admission CKD patients infected with
COVID-19 who lived had significantly lower
levels of CRP, Ferritin, and D Dimer compared
to those who died (p=0.001, p=<0.001,
p=0.001 sequentially). CRP level > 88 mg/L
(HR: 4.590; 95% Cl, 1.722—-12.236; p = 0.002)
was significantly associated with death from
COVID-19 infection in hemodialysis patients.
Most of the literature finds an association

between CRP and mortality in hemodialysis
patients during COVID-19. However, the
underlying chronic inflammatory process may
influence the sensitivity and specificity of
inflammatory markers such as CRP for
predicting disease severity. The results of the
study revealed that CRP is a sensitive
biomarker for mortality (81%) but not specific
enough (66%).%°

Research by Andrei et.al., which was
conducted in Romania found no significant
association in the CKD population infected
with COVID-19 (p=0.194).2° Samia et.al., in
their study in Pakistan, found an increase in
disease severity markers such as CRP,
troponin |, and ferritin in deceased patients,
but not significantly related to the study
population of chronic kidney disease patients
infected with COVID-19 (p=0.178).%!

Hemoglobin levels have not been shown
to have an effect on mortality in the routine
hemodialysis CKD patient population infected
with COVID-19. Based on the data, the
subjects who died were the same as those
who were alive, namely 50%, while the data
for living subjects with hemoglobin less than
10 gr/dl was approximately 60.8%. Several
studies have shown that there is no significant
effect in this population on mortality. This is
thought to be because in CKD patients who
are infected with COVID-19, other factors are
more influential in mortality than hemoglobin.
Subjects with low hemoglobin levels were
found to be more in the living group,
presumably because patients infected with
COVID-19 have a higher risk of thrombosis,
while the condition of routine hemodialysis
CKD patients tends to be anemia which
reduces the risk of thrombosis when infected
with COVID-19.1820

Kenan et.al., in a study, found low
hemoglobin and lymphocyte levels, high CRP
and ferritin levels at the time of admission to
the hospital but did not find a specific
relationship  between initial admission
hemoglobin levels to the death of routine
hemodialysis patients infected with COVID 19
(p=0.8).18
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In a study in Romania by Andrei et.al.,
found no specific relationship between
hemoglobin levels and mortality in routine
hemodialysis patients infected with COVID-19
(p=0.207). Another interesting finding was
that the risk of death was seen in increasing
hemoglobin levels (Exp(b) = 1.260). Based on
the literature data shows a relationship
between higher hemoglobin concentrations
and the risk of poor outcomes in CKD patients.
Several studies have shown that increased
concentrations of Hb, hematocrit, and
erythrocytes may be associated with the risk
of thrombosis. In addition, it is known that
COVID-19 patients show an increased risk of
thrombosis. In patients with moderate to
severe forms of COVID-19, elevated Hb levels
in this study were associated with an
increased risk of death, due to the exponential
risk of thrombosis.?!

In a study by Savas et.al.,, which was
conducted in Qatar found age, hemoglobin
level (p=0.04), disease severity, CRP levels,
and routine hemodialysis were significantly
related to outcomes (death or ICU
admission).®

Lisa et.al., in their study, found predictive
factors for mortality in CKD patients infected
with COVID-19, including old age, increased
lactate dehydrogenase > 2 x upper limit of
normal, thrombocytopenia, anemia (Hb < 10
g/dl, aOR 3.21, 95% ClI 1.17-8.82, p = 0.024)
and very elevated c-reactive protein (CRP) (>
30 mg/l, aOR 3.44, 95% Cl 1.13-10.45, p =
0.029). Anemia, thrombocytopenia, very high
levels of LDH, and CRP (> 30 mg/dl) at
admission are factors that predict a more
severe course of COVID-19 in patients with
renal impairment. Assessment of age, anemia,
thrombocytopenia, LDH, and CRP upon early
detection of SARS-CoV-2 is critical for
predicting mortality in CKD patients, which
may facilitate risk stratification for COVID-19
in high-risk CKD patients as early as possible.!’

The limitations of this study are: (1) Only
use patient data at the time of admission to
the hospital, so the data analyzed is limited,
(2)Did not assess the condition of the degree

of COVID-19 at the time of admission which
could affect the variables studied, (3) It has
not been possible to match the research
samples, because chronic kidney disease
patients undergoing hemodialysis have
various comorbidities and diseases, making it
difficult to find a subject with the same
characteristics in large numbers.

Conclusions

This study found that increased CRP levels
upon admission had an influence on the risk of
death in patients with chronic kidney disease
routine hemodialysis with COVID-19. Further
studies are recommended to determine
several markers to predict the risk of death in
patients with chronic kidney disease routine
hemodialysis with COVID-19.

Acknowledgements

We would like to thank Ulin hospital
Banjarmasin for this study.

References

1. ZhouF, YuT, DuR, et al. Clinical course
and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study.
Lancet. 2020;395:1054e1062.

2. Zhang L, Wang F, Wang L, et al.
Prevalence of chronic kidney disease in
China: a cross-sectional survey. Lancet.
2012;379:815e822.

3. Basile C, Combe C, Pizzarelli F, et al.
Recommendations for the prevention,
mitigation and containment of the
emerging SARSCoV-2 (COVID-19)
pandemic in haemodialysis centres.
Nephrol Dial Transplant. 2020 Mar 20.

4. Wang JT, Sheng WH, Fang CT, et al.
Clinical manifestations, laboratory
findings, and treatment outcomes of
SARS patients. Emerg Infect Dis.
2004;10(5):818-824

5. Khwaja A. KDIGO clinical practice
guidelines for acute kidney injury.

Berkala Kedokteran 20(2): 2024 | http://dx.doi.org/10.20527/jbk.v20i2.20565



The Relationship Between C-Reactive ..

10.

11.

12.

13.

14.

Nephron Clin Pract. 2012;120(4):c179—
84.

Oh S M, Skendelas J P, Macdonald E,
Bergamini M, Goel S, Choi J, et al. On-
admission anemia predicts mortality in
COVID-19 patients: A single center,
retrospective  cohort study. The
American  Journal of Emergency
Medicine. 2021; 48, 140-147.

Fine A: Relevance of C-reactive protein
levels in peritoneal dialysis patients.
Kidney Int. 2002;61:615-620.

Haubitz M, Brunkhorst R, Wrenger E, et
al: Chronic induction of C-reactive
protein by hemodialysis, but not by
peritoneal dialysis therapy. Perit Dial Int
16:158-162, 1996

Mendall MA, Patel P, Ballam L, Strachan
D, Northfield TC: C-Reactive protein and
its relation to cardiovascular risk factors:
A population based cross sectional
study. BMJ 312:1061-1065, 1996

Yeun JY, Levine RA, Mantadilok V,
Kaysen GA: C-Reactive protein predicts
all-cause and cardiovascular mortality in
hemodialysis patients.Am J Kidney Dis.
2000;35:469- 476

Ortega O, Rodriguez |, Gallar P, et al:
Significance of high C-reactive protein
levels in pre-dialysis patients. Nephrol
Dial Transplant. 2002;17:1105-1109, 9.
Ozturk S, Turgutalp K, Arici M, Odabas
AR, Altiparmak MR, Aydin Z, et al.
Mortality analysis of COVID-19 infection
in chronic kidney disease, haemodialysis
and renal transplant patients compared
with patients without kidney disease: a
nationwide analysis from Turkey.
Nephrology Dialysis Transplantation.
2020; 35(12), 2083-2095.

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):2409-2411.
Henry BM, Oliveira MHS, Benoit S,
Plebani M, Lippi, G. Hematologic,
biochemical and immune biomarker
abnormalities associated with severe

15.

16.

17.

18.

19.

20.

21.

| 119

illness and mortality in coronavirus
disease 2019 (COVID-19): A meta-
analysis. Clin. Chem. Lab. Med. 2020; 58,
1021-1028.

Min Y, Cheng L, Tu C, Li H, He D, Huang

D, et al. Clinical characteristics of
deceased hemodialysis patients
affected by COVID-19. International

Urology and Nephrology. 2021;53(4),
797-802.

Lamech T, Nithya G, Aiswarya D,
Gopalakrishnan N, Vathsalyan P, Sajmi S,
ett all. Clinical profile and outcomes of
coronavirus disease 2019 (COVID-19) in
patients undergoing hemodialysis.
Indian ~ Journal  of  Nephrology.
2022;32(1), 16.

Pilgram L, Eberwein L, Wille K, Koehler
FC, Stecher M, Rieg S. Clinical course and
predictive risk factors for fatal outcome
of SARS CoV 2 infection in patients with
chronic kidney disease. 2021;725-737.
Turgutalp K, Ozturk S, Arici M, Eren N,
Gorgulu N, Islam M, et al. Determinants
of mortality in a large group of
hemodialysis patients hospitalized for
COVID-19. BMC Nephrology.
2021;22(1), 29.

Oguz EG, Yeter HH, Akcay OF, Besli S,
Selen T, Derici U, et al. Predictive value
of neutrophil-to-lymphocyte ratio in
terms of need for intensive care unit and
mortality in maintenance hemodialysis
patients with COVID-19. Hemodialysis
International. 2022; 1-9.

Niculae A, Peride |, Nechita A, Petcu LC,
Tiglis M, & Checherita IA.
Epidemiological  Characteristics and
Mortality Risk Factors Comparison in
Dialysis and Non-Dialysis CKD Patients
with COVID-19 — A Single Center
Experience. 2022

Kazmi S, Alam A, Salman B, Saeed F,
Memon S, Chughtai J, et al. Clinical
Course and Outcome of ESRD Patients
on Maintenance Hemodialysis Infected
with COVID-19 : A Single-Center Study.
2021;193-199.

Berkala Kedokteran 20(2): 2024 | http://dx.doi.org/10.20527/jbk.v20i2.20565



The Relationship Between C-Reactive .. | 120

Berkala Kedokteran 20(2): 2024 | http://dx.doi.org/10.20527/jbk.v20i2.20565



