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Diagnostic accuracy of c-reactive protein in
immunocompromised patients with sepsis
in intensive care units
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ABSTRACT

Background: It is very crucial to recognize infection in immunocompromised patients. Since CRP levels rise significantly 24
to 48 hours after the onset of inflammation it can be employed as a useful indicator of sepsis. Aims and Objective: To find
out the diagnostic utility of CRP in immunocompromised patients with sepsis. Materials and Methods: This was a cross-
sectional study, which included immunocompromised patients with suspected sepsis. Patients were classified into two
diagnostic groups: those with nonbacterial sepsis and those with bacterial sepsis, and the values of CRP were estimated.
Results: Of 94 patients (63 men and 31 women) with a median age of 56 years (95% CI 53.9-59.3),
74 (78.5%) had immunosuppression with nonbacterial sepsis and 20 (21.4%) had immunosuppression with bacterial
sepsis. CRP concentrations were higher in the group with bacterial sepsis [30.94 ng/ml (95% CI 25.13-36.74)] than those
with nonbacterial sepsis [7.46 ng/ml (95% CI 7.05-7.87), P < 0.0001]. CRP concentrations that were >6 mg/L had 93.33%
sensitivity but only 63.20% specificity for diagnosing sepsis. The accuracy of diagnosis was 87.23%. The area under the
receiver-operating characteristic curve was 0.82 (0.72-0.92). Conclusion: Despite limited specificity in critically ill
immunocompromised patients, CRP concentrations may help to rule out bacterial infection.
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consequence of immunosuppression, which can lead to
morbidity or mortality.['! Diagnosis of bacterial infections is

INTRODUCTION

Infectious complications in immunocompromised patients on
long-lasting immunosuppressive treatments pose serious
problems. Sepsis is a systemic inflammatory reaction that is
triggered by an infective agent (such as bacteria, viruses, fungi,
or parasites). Bacterial or fungal infections can be a serious
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sometimes challenging as clinical presentation of infections by :
different causative agents can be similar; for example, it may be :
difficult to differentiate viral from bacterial infections in certain :
instances.” Similarly, fungal infections represent cases in :
which delayed or inappropriately targeted treatments can :
have fatal consequences. The morbidity and mortality :
associated with infection acquired because of immunosuppres- :
sion remain the greatest clinical problems of these patients. :
Early diagnosis of infection is required as there is initially a :
paucity of clinical information and that obtaining results for :
microbiological tests may take considerable amount of time. :
Under these circumstances, necessity calls for the availability of
such a laboratory test that would assist the physician in :
decision making. Two such laboratory parameters that fit :
this purpose are C-reactive protein (CRP) and interleukin-6 :
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(IL-6).®1 CRP is an acute-phase protein used mostly as a
biochemical inflammatory marker in cancer. Levels of CRP will
significantly increase 24-48 h after the onset of inflammation.
Serum concentrations of CRP are proportional to the degree of
tissue damage and the activity of the basal malignant disease.
IL-6 concentration presents with low specificity and further-
more, its estimation is costly.[4‘6] Hence, the aim of our study
was to check the diagnostic accuracy of CRP as a marker of
inflammation or sepsis in immunocompromised patients.

MATERIALS AND METHODS

This was a retrospective, cross-sectional study conducted in a
tertiary-care hospital. A study protocol was designed before
undertaking this study, and it was approved by institutional
ethics review committee. CRP data of the patients was collected
after applying inclusion and exclusion criteria. Because no extra
samples were collected and patients’ information were not dis-
closed, the consent form was waivered off. The study included
94 patients admitted within the first 24 h of developing signs
of sepsis. Patients were classified into two diagnostic groups:
(1) immunosuppression with nonbacterial sepsis and (2) immu-
nosuppression with bacterial sepsis. Clinical and laboratory
data collected included age, gender, and diagnosis on admission
based on clinical symptoms. Samples were collected for cultures
of blood and other body fluids, depending on the symptoms.
Patients in whom the pathogen was not explicitly identified or
in whom a suspicion of mixed pathogenic agent was held were
excluded. Furthermore, patients with rheumatic disease, tissue
injury, burns, and autoimmune disorders were also excluded
from the study because CRP increases in these conditions as well.
CRP levels were measured by latex slide agglutination method.

Statistical Analysis: Unpaired t-test was used to show
significance of CRP levels between different groups. Receiver-
operating characteristic curve (ROC) analysis of CRP was
conducted, and sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood ratio,
and negative likelihood ratio were calculated. The entire data
was analyzed using the software MedCalc, version 12.5. A P-value
of <0.05 was considered to be significant.
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REsuLTS

This study comprised 94 individuals (63 men and 31 women)
between the age of 30 and 80 years with a median age of
56 years (95% CI 53.9-59.3) of which 74 patients (78.5%) had
immunosuppression with nonbacterial sepsis. Causes of immu-
nosuppression were hematological disorders (34 patients,
36.1%), solid cancers (21 patients, 22.3%), HIV infection
(14 patients, 14.9%), and fungal infection (5 patients, 5.2%).
Bacterial sepsis was diagnosed in 20 patients (21.4%) (Table 1).

The CRP values for the bacterial sepsis group and non-
bacterial sepsis group are given in Table 2. In the case of
bacterial sepsis group, the upper 95th percentile was 36.74 mg/L
as compared to 7.87 in the case of nonbacterial sepsis group.
To find out whether there was any correlation of serum CRP
levels in between bacterial sepsis group and nonbacterial sepsis
group, unpaired t-test was performed and P-value was derived.
A P-value of <0.001 suggested significant difference in values of
CRP between these two groups. It was obvious that values of
CRP were significantly higher in case of bacterial sepsis group as
compared to nonbacterial sepsis group (Figure 1).

The ROC curves were constructed to test the performance of
CRP to diagnose sepsis. By taking cutoff as > 6 mg/L, the area
under ROC curve was 0.82 (95% CI 0.72-0.92) (Figure 2).
Sensitivity, specificity, NPV, PPV, positive likelihood ratio,
and negative likelihood ratio calculated from the ROC curve
were 93.3%, 63.2%, 92.7%, 68.6%, 2.22, and 0.12 respectively
(Table 3). Finally, diagnostic accuracy was calculated, which
was found to be 87.23%.

DiscussioN

Severe sepsis may result in systemic inflammation, multiorgan
failure, and septic shock. It is one of the major health concerns
worldwide and also the predominant reason for intensive care
unit (ICU) admission and a leading cause of mortality in
critically ill patients despite the use of modern management
strategies.l”] Early diagnosis of sepsis may be challenging as
clinical presentations are often nonspecific, bacterial cultures
are time-consuming and laboratory tests lack sensitivity and

Table 1: Proportions of immunosuppressive patients who had classified into two subgroups.

Classification Diagnoses Patients, N (%) Males Females

Immunosuppresion with non-bacterial sepsis (N= 74) Hematological disorders 34 (36.1) 27 07
Solid tumors 21 (22.3) 14 07
HIV infection 14 (14.9) 07 07
Candida Albicans 2 (2.1) 01 01
Pneumocystis Jirovecii 2 (2.1) 01 01
Aspergillus Fumigatus 1(1) 01 00

Immunosuppresion with bacterial sepsis (N= 20) Enterobacteria 8 (8.5) 05 03
Pseudomonas Aeruginosa 5(54) 03 02
Streptococcus 4 (4.3) 02 02
Coagulase negative Staphylococcus 3(3.2) 02 01
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Table 2: comparison of serum CRP levels between bacterial sepsis

and non-bacterial sepsis study group.

Variables Bacterial sepsis Non-bacterial sepsis
Sample size 20 74
Mean value (mg/L) 30.94 7.46
95% Confidence interval 25.13 to 36.74 7.05 to 7.87
t value -5.598

Degree of Freedom 131.0

P value P = <0.001
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comparision of serumCRP levels between bacterial sepsis
and non-bacterial sepsis study group.

specificity. The septic response is an extremely complex chain
of events involving inflammatory and anti-inflammatory
processes, humoral and cellular reactions, and circulatory
abnormalities.®®! To reduce the morbidity and mortality asso-
ciated with sepsis, there is an urgent requirement for effective
markers for the diagnosis and monitoring of sepsis.

The diagnosis of sepsis and evaluation of its severity are
complicated by the highly variable and nonspecific nature of the
signs and symptoms of sepsis, which may lead to delay in the
diagnosis and subsequent treatments have been shown to
increase mortality. However, the early diagnosis and stratifica-
tion of the severity of sepsis is very important, increasing the
possibility of starting timely and specific treatment.’®! In this
study, it was observed that the serum CRP concentrations were
significantly higher in the bacterial sepsis group than in the
nonbacterial sepsis group with good accuracy of diagnosis.
A CRP value above 6 mg/L was highly predictive of infection
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ROC curve for CRP for the diagnosis of sepsis:

with high sensitivity but poor specificity when performed
within the first 24 h of developing signs of sepsis.

Chan et all® conducted a study in 150 patients with
bacterial infections and levels of CRP were estimated. The
sensitivity, specificity, NPV, and PPV were 67.1%, 94.8%, 67.9%
and 94.6% respectively, whereas the area under ROC curve was
0.88. In case of our study, the corresponding values were
93.3%, 63.2%, 92.7%, and 68.6% respectively, whereas the area
under ROC curve was 0.82. In the study of Chan et all'!!
specificity and PPV were higher as compared to our study but
sensitivity and NPV were lower. For effective management in
emergency department, NPV is most essential as negative CRP
value helps to rule out sepsis.

In a study conducted by Ugarte et al.l*¥, in patients with
sepsis, the sensitivity and specificity of CRP were 71.8% and
66.6%), respectively, whereas in the similar study conducted by
Suprin et al.'®! sensitivity and specificity of CRP were both
74%. Muller et al.™* conducted a study in which sensitivity
and specificity of CRP were 71% and 78%, respectively. In this
study, sensitivity of CRP is higher as compared to earlier-
mentioned studies although having lower specificity.

Some studies have proposed CRP as a biological marker of
infection and a diagnostic criterion for sepsis, but others have
drawn attention to its limitations such as its poor diagnostic

Table 3: Sensitivity, Specificity, Diagnostic Accuracy, Positive Predictive Value (PPV), Negative Predictive Value (NPV), Positive Likelihood Ratio

(PLR), Negative Likelihood Ratio (NLR) and Area Under the Curve (AUC) of CRP for the diagnosis of sepsis.

Parameter Sensitivity (%) Specificity (%)

Diagnostic accuracy (%)

PPV NPV PLR NLR AUC

CRP (mg/L) 93.3 63.2

87.23 68.6 92.7 2.22 0.12

0.824
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specificity and slow kinetics. CRP values cannot be used in isolation
to obtain a specific diagnosis, although their value in infectious
diseases is beyond doubt. CRP induction requires IL-6 and either
IL-1 or tumor necrosis factor-alpha. Therefore, CRP synthesis and
secretion usually reflect proinflammatory cytokine production and
may be considered its surrogate marker. It perhaps is not
surprising, therefore, that the search for a highly accurate biomarker
of sepsis has become one of the holy grails of medicine.

CONCLUSION

CRP may help to rule out bacterial infection in immunocom-
promised patients admitted to the ICU as the chances of false-
negative results are less. Although the performance of CRP
concentrations as a diagnostic tool in this setting was limited
because of the chances of false-positive results and small study
group, we believe that it should be investigated further in a
larger study, and that an interventional study of antibiotic
prescriptions guided by repeated CRP measurements in non-
immunocompromised patients is required.
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