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ABSTRACT

Aim: - The aim of this original research is to evaluate APR levels in sepsis, evaluate procalcitonin's
significance, analyze the predictive role of CRP and Procalcitonin, and examine the correlation of
serum albumin levels with treatment outcomes.

Method: - The prospective observational study was conducted at a health care urban teaching
hospital in Gujarat, India, between May 2019 and October 2020. The research included 105 ICU
patients diagnosed with sepsis, meeting specific inclusion criteria such as age above 18 years and
fulfilling the gSOFA score parameters. Patients with chronic inflammatory conditions, advanced
malignancy, or who did not provide consent were excluded.

Result: - This study investigated biomarker trends and clinical outcomes in sepsis patients. The
analysis included 105 ICU patients with sepsis. Results showed significant trends in erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) levels, while white blood cell (WBC) count
and ferritin levels remained stable. Albumin levels were statistically significant. The distribution of
scores revealed different levels of severity. Outcomes presented a discharge rate of 71.4% and a
fatal outcome rate of 28.6%. This study provides valuable insights into biomarker dynamics and
their correlation with sepsis outcomes.

Conclusion: - Acute Phase Reactants (APRs) provide valuable insights into sepsis. CRP is a strong
predictor of prognosis, while procalcitonin indicates poor outcomes. Serum Albumin is useful for
short-term outcome prediction. CRP and procalcitonin guide antibiotic treatments in sepsis.
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INTRODUCTION

Sepsis is a complex medical condition characterized by a combination of physiological,
pathological, and biochemical abnormalities, triggered by an infection. It is currently defined as a
serious dysfunction of organs resulting from an imbalanced response by the body to an infection.
This condition poses a significant healthcare challenge and is associated with substantial healthcare
expenses. While it is challenging to determine the precise incidence of sepsis, reliable statistical
analyses indicate that it is one of the primary reasons of mortality and life-threatening illness
worldwide. Additionally, individuals who survive sepsis often experience long-term psychological,
physical, and cognitive impairments. [*2]

Infections are a significant global burden, contributing to illness and death in numerous cases. In
current years, there has been increasing interest towards utilizing acute-phase reactants (APRs) for
infection management. These markers, present in the bloodstream, indicate the presence of
inflammation and wound. Acute-phase reactants encompass a diverse range of plasma proteins that
undergo fluctuations, either increasing or decreasing, in response to inflammatory triggers like
infections, trauma, severe arthritis, autoimmune diseases of the system, and tumours. B4

The classification of the acute phase response is determined by the magnitude of change in the
concentration of Acute Phase Proteins (APP). A significant increase of 10-100 times in APP
concentration is categorized as a major elevation. A moderate elevation is considered when there is
a 2-10 fold increase in APP concentration. On the other hand, a minor elevation is defined as a less
than 2-fold increase in APP concentration.®! During a major acute phase response, the elevated
Acute Phase Proteins (APPs) primarily consist of C-reactive protein (CRP) and serum amyloid A
protein (SAA). In a moderate acute phase response, al-acid glycoprotein (AGP) is the main APP
that shows an increase in concentration. In a minor acute phase response, the APPs that experience
elevation include fibrinogen, haptoglobin (Hp), and ceruloplasmin (Cp).

In the presence of an infection, the liver plays a crucial role in synthesizing a significant quantity of
APPs. There are eight proteins that are classified as "positive" acute phase reactants (APRs) as they
are overexpressed during the acute phase response. These proteins include haptoglobin (Hp), serum
amyloid A (SA), fibrinogen, ceruloplasmin (Cp), a-1 antitrypsin (AAT), lactoferrin (Lf), and C-
reactive protein (CRP). Also, there are several "negative” APRs whose expression levels decrease
during the acute phase response. These include albumin, transferrin, and transthyretin.!

The acute phase response is triggered by various cytokines, with those that function as positive and
negative growth factors, as well as cytokines with proinflammatory or anti-inflammatory properties.
Positive and negative growth factor cytokines implicated in this response contain Interleukin (IL)-2,
IL-3, IL-4, IL-7, IL-10, IL-11, IL-12, and granulocyte-macrophage colony-stimulating factor (GM-
CSF). Proinflammatory cytokines included in the acute phase response comprise tumor necrosis
factor (TNF)-o/B, IL-10/B, IL-6, IFN-a/y, IL-8, and macrophage inhibitory protein-1. Conversely,
anti-inflammatory cytokines that play a role in this response include IL-1 receptor antagonists,
soluble IL-1 receptors, IL-1 binding protein, and TNF-a binding protein.["8]

The purpose of this research is to examine the dynamic changes of acute phase reactants in sepsis.
The objectives include studying the correlation between reactant levels at the start of sepsis
treatment, analyzing the trend of reactant levels with treatment, assessing the significance of
Procalcitonin as a reactant, determining the correlation between elevated Procalcitonin levels and
outcome, and evaluating the role of CRP and Procalcitonin in predicting sepsis patient outcomes.
Additionally, the study aims to examine the correlation of serum albumin level with short-term
outcome in sepsis.

METHODOLOGY

The prospective observational research was performed at the general medicine department of a
tertiary care urban teaching hospital in Gujarat, India. The study period was between May 2019 to
October 2020. The study population consisted of patients admitted to the ICU and diagnosed with
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sepsis, with a total of 105 individuals involved in the research. Individuals were enrolled based on
specific inclusion criteria, including being above 18 years of age, fulfilling the qSOFA score
parameters in the ICU, and providing consent to participate in the study. Patients with chronic
inflammatory conditions, advanced malignancy, or who did not provide consent were excluded from
the study.

Statistical analysis

Data collection was performed by accessing hospital electronic medical records, including patient
demographics, comorbidities, vital signs, and laboratory results. The collected data were analyzed
using IBM SPSS software, and descriptive statistics, ANOVA, ROC curve, and correlation tests
were applied for data analysis. The study adhered to ethical guidelines, obtaining clearance from the
Institutional Ethics Committee and ensuring patient confidentiality and informed consent.

RESULTS:-
In a prospective study on 105 sepsis patients in the ICU, the correlation between acute-phase
reactant levels at treatment initiation and their trend during treatment was investigated.

Table 1: Gender Distribution of research individuals [N=105]

Sex Number [%0]
Man 66 (62.9)
Woman 39 (37.1)
Age [in year] Number [%0]
18-30 5(4.8)

31-40 11 (10.5)
41-50 26 (24.8)
51-60 20 (19)

>60 43 (41)

Mean + SD 56.1 +15.3

Table 1 presents age distribution among participants, with the highest proportion in the >60 years
group (41%) followed by the 41-50 years group (24.8%). The mean age was 56.1 years, with a
standard deviation of 15.3. In terms of gender, 62.9% of participants were male, indicating a higher
prevalence of sepsis in males compared to females (male-to-female ratio of 1:0.6).

Table-2: Comparison of acute phase reactants within each treatment days based on time.

Day 0 2 3 7 10 Fvalue | pvalue
Mean 127535 13025.5 13769.5 13205 12054

WBC count 1.43 0.239
SD 8700.7 5449.9 4638.5 5138.5 7176.1
Mean 55.9 45.3 36.4 30.4 25.1

ESR 98.8 0.001
SD 30.2 22.8 18.4 16.6 16.9
Mean 88.1 111.6 72.6 57.4 385

CRP 5 0.02
SD 75.7 281.4 51 55.1 56.8
Mean 666.8 607.7 719.9 518.3 484.2

FERRITIN 2.37 0.12
SD 621.1 4554 1600.9 370.1 368.1
Mean 4.4 0.5 3.4 0.3 215

PROCALCITONIN 1.53 0.22
SD 41 15 33.2 1 154.5
Mean 236.7 219.9 228.9 2315 218.8

APC 0.81 0.008
SD 114 96.5 135.6 86.3 108.3

. Mean 2.7 2.5 25 2.5 25

Albumin 9 0.001

SD 0.36 0.31 0.35 0.35 0.34
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The study examined biomarker levels in patients at different time points. WBC count showed no
significant difference, while ESR and CRP levels decreased significantly. Ferritin and procalcitonin
levels varied without significance. APC levels had minimal variation but were statistically
significant. Albumin levels remained relatively constant with significance. These findings shed light
on the dynamics of biomarkers during the study period.

Table-3: Distribution of gSOFA Score among study participants [N=105]

Score Number %

1 26 24.8
2 49 46.7
3 30 28.6

In this study, scores were categorized into three levels: 1, 2, and 3. Results showed that 24.8% of
participants scored 1, 46.7% scored 2, and 28.6% scored 3.

Table -4: Outcome of treatment [N=105]

Outcome Number %0
Discharge 75 71.4
Death 30 28.6

The study outcomes were divided into two categories: Discharge and Death. Among all participants,
71.4% were discharged, while 28.6% experienced a fatal outcome.
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Graph-1: ROC analysis of different APR with gSOFA score at day-0
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Graph-2: ROC analysis of different APR with gSOFA score at day-3
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Graph-3: ROC analysis of different APR with gSOFA score at day-7

Table-5: ROC and AUC of acute phase reactants Vs gSOFA score on day-0, 1, 3, 7 and 10

Day-0 Day-1 Day-3 Day-7 Day- 10

APR AUC | Pvalue AUC Pvalue | AUC Pvalue | AUC P value AUC P value
Total WBC count 0.48 0.78 0.51 0.85 04 0.12 0.31 0.005 0.3 0.006
APC 0.44 0.4 0.62 0.08 0.6 0.15 0.4 0.12 0.58 0.25
ESR 0.39 0.13 0.41 0.12 0.42 0.26 0.43 0.32 0.43 0.34
CRP 041 0.21 0.42 0.38 0.41 0.17 0.33 0.01 0.4 0.17
Albumin 0.41 0.22 0.37 0.06 0.34 0.02 0.34 0.02 0.25 0.001
Ferritin 0.37 0.06 0.44 0.4 0.53 0.66 0.59 0.19 0.57 0.36
Procalcitonin 0.43 0.32 0.34 0.02 0.33 0.02 0.38 0.08 0.28 0.002

The AUC values for Total WBC count ranged from 0.30 to 0.51, p-values that range from 0.005 to
0.78. APC had AUC values ranging from 0.40 to 0.62, p-values that range from 0.08 to 0.40. ESR
exhibited AUC values ranging from 0.39 to 0.43, p-values that range from 0.12 to 0.34. CRP had
AUC values ranging from 0.33 to 0.42, p-values that range from 0.01 to 0.38. Albumin showed
AUC values ranging from 0.25 to 0.41, p-values that range from 0.02 to 0.22. Ferritin and
Procalcitonin displayed AUC values ranging from 0.37 to 0.59 and 0.28 to 0.43, correspondingly,

with p-values varying across different time points. (Graph-1, 2 and 3)

Table-6: Analysis of day wise average correlation between acute phase reactants vs

outcome
| Faraetors Day 0 Day 2 Day 3 Day 7 Day 10
| (Mean
valnes) Death |Discharge| Death | Discharge | Death | Discharge | Death |Discharge ' Desth | Discharge
Ic 13127.70] 11622.29 |14479.00( 1244411 |15656.30| 1301476 |15185.70| 12412.67 | 16721.30| 10187.92
APC 259.60 227.55 24643 20932 239.57 224.65 261.83 219.39 20190 225.56
CRP 101.46 83.63 17547 86.62 8595 67.56 9234 13.24 76.21 26.08
Ferritin 587.62 | S561.57 | 652,52 | 752626 | 647.19 542.59 $69.76 | 46345 | 630,74 394.66
Albumin 2.90 2.65 2.60 2.48 2.57 2.51 241 2.59 2.30 2.58
PCT 1507 0.40 0.74 047 0.36 495 045 0.20 1.86 20,49
* P(l"{l-"lf‘l('!'} are fﬂk('” as mean values
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Analysis of day wise average correlation in table 6 revealed important findings: increasing WBC
count correlated with poor prognosis and death, decreasing count with favorable response and
discharge. In nonsurvivors, APC values showed a biphasic pattern, indicating higher mortality.
Higher CRP values at sepsis treatment start linked to poor prognosis and death; lower values
correlated with favorable prognosis and discharge. Ferritin trend lacked significance due to extreme
values. Higher PCT values on day 0 indicated poor prognosis, lower values in survivors. Albumin
levels varied between survivors and nonsurvivors, declining in the deceased group but stabilizing in
survivors. These insights shed light on biomarker trends and clinical outcomes in sepsis.

DISCUSSION

Sepsis is a life-threatening condition characterized by organ dysfunction resulting from an
uncontrolled response to infection. Septic shock is a severe form of sepsis with higher mortality risk.
Diagnostic criteria include increased SOFA score and the need for vasopressors to maintain blood
pressure. A serum lactate level above 2 mmol/L is also indicative of septic shock. The quickSOFA
score can help identify patients at risk for adverse outcomes in various healthcare settings based on
clinical criteria such as respiratory rate, mental state, and blood pressure.*]

This study included 105 sepsis individuals admitted to the ICU of a health care center in Gujarat. It
aimed to examine the relationship between acute phase reactant levels at the start of sepsis treatment
and their patterns during treatment. Patients were enrolled based on specific criteria. The study
spanned from May 2019 to October 2020.

The present study revealed that participants over the age of 60 had the highest representation,
followed by those aged 41 to 50. In a research perform by Martin et al. that age is an independent
predictor of mortality in sepsis patients. As a result, ICU physicians may hesitate to admit elderly
patients, even if clinical criteria suggest it. [9] The occurrence of sepsis rises with advancing age,
particularly affecting individuals aged 80 years and above, and is accompanied by alarmingly high
mortality rates. [10-12]

The current research found men to women ratio of 1:0.6, indicating a higher incidence of sepsis in
men. This is consistent with previous research presentation that males have a higher rate of
bacteremic infections compared to females, as noted by McGowan et al. [*31 Gender disparities in the
progression of septic complications and multiple organ failure in trauma victims are shown by
epidemiological investigations.

Table 2 presents mean values, standard deviations, F values, and p values for laboratory parameters
measured on different days (Day 0, 2, 3, 7, and 10) in the study, indicating the significance of
observed differences.

In the present study, the mean WBC count exhibited a slight increase from Day 0 to Day 3, followed
by a decrease on Day 7 and Day 10. However, the lack of statistical significance (F value = 1.43, p
= 0.239) suggests that these changes are not clinically significant. This aligns with previous research
by Seigel et al., which highlighted that WBC count alone may not be reliable for assessing infection.
Normal WBC counts are often observed in septic individuals, and leukocytosis may occur as a
delayed response. Therefore, relying solely on WBC count for infection assessment may lead to
inaccuracies (41

The mean ESR values show a progressive decrease from Day 0 to Day 10, indicating a decreasing
inflammatory response. The significant F value of 98.8 (p = 0.001) suggests that the observed
differences in ESR values are statistically significant. These findings indicate that the study
intervention may have influenced the inflammatory process, resulting in reduced ESR values.
Markanday A. et al [ found that Procalcitonin has higher specificity than CRP and ESR. ESR is
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influenced by various factors and less reliable than plasma viscosity. Elevated ESR indicates
inflammatory disorders, tuberculosis, myocardial infarction, or anemia. Low ESR can be seen in
specific conditions. ESR is useful for diagnosing and monitoring polymyalgia rheumatica or
temporal arteritis. Combined ESR and CRP help assess acute pelvic inflammatory disease severity.
Raised ESR is a marker for coronary heart disease. [ The mean CRP levels fluctuate during the
study, but the significance is marginal, suggesting factors other than the intervention may influence
these changes. In a study by Vanderschueren S. et al 61, CRP > 500 mg/l in 130 individuals
(median age: 62). Bacterial infections: 88% cases, 36% fatal outcomes (61% with active
malignancies). Extreme CRP elevation indicates bacterial infections, surpassing ESR as a sensitive
marker. Ferritin levels fluctuate without clear trend. Non-significant differences observed (F = 2.37,
p = 0.12). Study intervention may not impact ferritin levels significantly. In a study by Cristina
Rosério et al.['7, it was found that Elevated ferritin levels were associated with septic shock and
poor prognosis. Ferritin sequesters iron and inhibits microbial iron scavenging. It rises during
malignancy and infection to limit iron availability. Proinflammatory cytokines upregulate ferritin
production, but some organisms like Pseudomonas can decrease ferritin levels using siderophores to
import iron. 18]

In the present study the mean procalcitonin levels show varying values throughout the study period.
The F value of 1.53 with a p value of 0.22 suggests that the differences observed are not statistically
significant. This indicates that procalcitonin levels may not be significantly influenced by the study
intervention. Arora S. et al ™ conducted a meta-analysis to pool data from various studies on PCT
levels in sepsis survivors and non-survivors, reaching a similar conclusion.

In the present study the mean APC levels remain relatively stable over the study period. However,
the significant F value of 0.81 with a p value of 0.008 indicates that the observed differences in APC
levels are statistically significant. This suggests that the study intervention may have an impact on
APC levels. Fanny VardonBounes et al. % found that thrombocytopenia was linked to sepsis, organ
failure, and poor prognosis in ICU patients. Platelet counts can increase in response to infections,
inflammation, bleeding, and tumors. This reactive thrombocytosis is a normal response. Clonal
thrombocytosis, on the other hand, is an abnormality in platelet production. Platelet volume indices
like MPV and PDW indicate platelet function and activation. Elevated MPV is linked to
inflammatory conditions and cardiovascular risk factors: 2]

In the present study the mean albumin levels show no significant changes throughout the study
period. The significant F value of 9 with a p value of 0.001 suggests that the observed differences in
albumin levels are statistically significant. This indicates that the study intervention may have an
effect on albumin levels. In a study by Mirsaeidi et al., hypoalbuminemia was associated with a
threefold higher short-term mortality rate. Albumin, as an acute phase reactant, can be influenced by
various factors, including inflammation. 2?1

Overall, the study suggests that the intervention influenced inflammatory markers like ESR and
APC, while other parameters showed no significant changes. These findings highlight the
importance of further investigation and interpretation for clinical implications.

The study population showed variations in scores, with the majority (46.7%) scoring a 2, followed
by 28.6% scoring a 3 and 24.8% scoring a 1. This highlights different characteristics or outcomes
among participants in the study.

The study results showed that total WBC count had moderate to good predictive accuracy on days 7
and 10, while APC, ESR, and other APRs had fair to moderate predictive accuracy without
significant associations. Albumin demonstrated significant associations on days 3, 7, and 10,
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indicating its potential as a predictive marker. Further study is wanted to understand the clinical
implications of these results.

CONCLUSION

Sepsis is a complex condition induced by infection, and Acute Phase Reactants (APRs) have been
instrumental in understanding and treating it. Monitoring changes in APR levels can predict ICU
mortality and prolonged stay in sepsis patients. CRP is a strong predictor of prognosis, while
procalcitonin indicates poor outcomes. Serum Albumin, as a negative APR, is useful for short-term
outcome prediction. Other APRs analyzed were not reliable in predicting sepsis outcomes. CRP and
procalcitonin are specific and reliable indicators, guiding antibiotic treatments.
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