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Abstract

Background/aim:In our study, we aimed to determine the relationship between C-reactive protein (CRP), neutrophils,
lymphocytes, platelets, neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), length of hospitalization and
mortality in patients with gram negative bacteremia in blood cultures.

Materials and methods :The files of patients who were hospitalized in our hospital between January 2022 and May 2022 and
for whom CRP and CBC (complete blood count) tests were requested simultaneously with blood culture were retrospectively
analyzed. The study included 50 patients between the ages of 31 and 88 who were diagnosed with gram (-) sepsis.

Results :There was no significant difference between the groups in terms of age, CRP, neutrophil, lymphocyte, platelet and
NLR levels. The length of hospitalization in the ex group was higher than the length of hospitalization in the discharge group.
In addition, the PLR rate in the ex group was lower than the PLR rate in the discharge group. CRP levels were positively
correlated with NLR levels in patients with gram negative bacterial sepsis.

Conclusion :In this study, it was found that NLR and CRP values were not statistically significant in determining the prognosis
of patients diagnosed with Gram negative bacteremia. However, due to the high mortality rate and hospitalization duration of
these patients, it was concluded that follow-up and treatment of these patients is important together with some markers. These
findings emphasize that the correct approach in the treatment of patients diagnosed with Gram-negative bacteremia should be
planned by considering the symptoms.
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1. Introduction

Bloodstream infections are associated with high morbidity and early diagnosis and treatment with mortality are
clinical pictures in which mortality rates can be significantly reduced when treated. Bacteremia is the detection of
the presence of live bacteria in the bloodstream. Bacteria can enter the sterile bloodstream and cause a serious
complication of infections, such as pneumonia or meningitis. They can also occur after surgery, especially in
mucosal interventions such as in the gastrointestinal tract, or due to foreign bodies such as catheters. The diagnosis

is made by gold standard tests such as blood cultures.(Wakabayashi & Iwata, 2021)-(Sligl et al., 2006)

Blood culture is a reliable test to detect the presence of infectious agents in the bloodstream, but it requires 24-48
hours to obtain results. Therefore, early diagnosis and follow-up of infections requires the use of other biomarkers
that can help in the time until blood culture results are available.(Demir-Cuha & Hazirolan, 2020) CRP (C-Reactive
Protein) was first discovered by Tilet and Francis in 1930. This protein was found to increase in infections such as

pneumococcal pneumonia.(Pathak & Agrawal, 2019)

CRP (C-Reactive Protein) is a calcium-dependent plasma protein secreted from hepatocytes and increases in

response to immune response. Normally, CRP level is less than 10 mg/L in healthy people. However, in case of
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disease, the level starts to rise in the first 6-8 hours and reaches a peak of 350-400 mg/L approximately 48 hours
later. CRP levels can increase for many reasons. Therefore, it cannot be used alone to support the diagnosis and
should be evaluated together with other biomarkers.(Pathak & Agrawal, 2019) Neutrophilia (high neutrophil
count) and lymphocytopenia (low lymphocyte count) are well-known markers of severe bacterial infections. Zaho-
rec and colleagues investigated the neutrophil/lymphocyte count ratio (NLR), an easily measurable parameter
indicating the severity of systemic inflammation and sepsis, in 90 oncology patients. In this study, NLR was
reported to be a useful parameter for predicting bacteremia. (Chen et al., 2021)Although different threshold values
have been determined in different studies, neutrophil/lymphocyte count ratio (NLR) is thought to be a useful
biomarker to predict sepsis prognosis. However, an ideal cut-off value is still controversial. A meta-analysis
revealed that a high NLR value at baseline indicates unfavorable prognoses in patients with sepsis and may be a

useful prognostic factor for sepsis.(Huang et al., 2020)

In our study, we aimed to reveal the relationship between C-reactive protein, neutrophils, lymphocytes, platelets,
neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), length of hospitalization and mortality in

patients with gram negative bacteremia in blood cultures.

2. Material & Method

The files of patients who were hospitalized in our hospital between January 2022 and May 2022 and for whom
CRP and CBC (complete blood count) tests were requested simultaneously with blood culture were retrospectively
analyzed. The study included 50 patients between the ages of 31 and 88 who were diagnosed with gram (-) sepsis.
Blood cultures were monitored in BacT/ALERT 3D (bioM¢érieux, France) automated blood culture system. CRP
levels were measured on the Roche Cobas 6000 modular system (Roche Diagnostics, Germany). Complete blood

count analysis was performed on a UniCel DxH 800 hematology analyzer (Beckman Coulter, USA).

Statistical analysis

SPSS for Windows 22.0 program was used for statistical analysis. Continuous variables obtained from the study
were presented as meantstandard deviation (X+SD), categorical variables were presented as n (percentage
frequency) and P values below 0.05 were consideredstatistically significant. Chi-square test was used for the
comparison of categorical variables. Independent sample t test was used for the comparison of continuous

variables.

3.Results

The study included 50 patients between 31 and 88 years of age who were diagnosed with gram (-) sepsis. The
mean age of these patients was 70.84+12.09 years. Of these patients, 19 (38.00%) were female and 31 (62.00%)
were male. Among the patients included in the study,37 (74.00%) died and 13 (26.00%) were discharged with cure.

Descriptive data of the patientswho died and were discharged are presented in Table 1.
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Table 1. Descriptive information of ex and discharged patient groups

Parameter Ex groupn=37 Discharge group
n=13
Age 70.24+12.47 72.54+11.24
Gendern Male 21 (56.76) 10 (76.92)
(%) Woman 16 (43.24) 3(23.08)
Length of 39.73£24.17 23.9248.45
hospitalization days
CRP (mg/L ) 219.92+117.59 200.49+94.55
Neutrophils (10° /L) 10.75+6.37 11.82+7.12
Lymphocytes (10° 1.14£1.18 0.92+40.69
L)
Platelets (10° /L) 183.03+118.75 233.31+147.44
NLR 15.15+14.31 23.84+29.59
PLR 227.33+£139.60 423.83+483.40

No significant difference was found between the groups in terms of age, CRP, neutrophil,lymphocyte, platelet

and NLR levels (Table 1).

The length of hospitalization in the ex group was higher than the length of hospitalization inthe discharged

group (p=0.026). In addition, the PLR rate in the ex group was lower than thePLR rate in the discharged

group (p=0.029) (Table 1).

Correlation analysis was performed to see the relationship between CRP levels of the groupsand other

parameters. The significant results of the correlation analysis are given in Table 2.

Table 2. Correlation of CRP levels with other parameters

Parameter CRP
S Cc 0.116
Length of hospitalization
p >0.05
. Cc 0.181
Neutrophil
p >0.05
Cc -0.205
Lymphocyte
p >0.05
Cc -0.051
Platelet
p >0.05
NLR Cc 0.308
p 0.029
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Cc 0.232
p >0.05

PLR

Cc= Correlation coefficient

CRP levels were positively correlated with NLR levels in patients with gram negativebacterial sepsis (Table
2).

4.Discussion

Improper or delayed treatment of bacteremia can lead to sepsis, a serious clinical condition, especially in intensive
care units, in patients receiving immunosuppressive therapy or in oncology and transplant patients. Sepsis due to
bacteremia can progress rapidly and carries a high risk of death. Delayed treatment or inappropriate antibiotic
therapy increases sepsis mortality. Hospitalizations and treatment costs increase due to irregular responses to
microorganisms in the blood, and are increasing every year. Despite advances in medicine, sepsis mortality remains
high. Blood culture is the most reliable and accepted method to determine the cause of infection caused by
bacteremia. Classical methods require at least 48-72 hours to determine the species and antibiotic susceptibilities
of microorganisms grown after blood culture. However, it is known that time is very important in the treatment of
sepsis. Therefore, rapid diagnostic tests have started to be developed. These tests are used to rapidly identify the

causative organism and initiate appropriate treatment in patients with sepsis.

Although the causative agents of bacteremia vary according to countries and clinics, studies conducted in Turkey
show that among gram-positive agents, CNS, Staphylococcus aureus and enterococci spp. are the most common.
Among gram-negative agents, Acinetobacter, Klebsiella, Escherichia coli, Pseudomonas, Enterobacter and Proteus

spp. are the most frequently reported.

In a study of 297 patients with bacteremia, gram-negative bacteria were predominantly isolated, with E. coli and
Klebsiella spp being the most common agents. S. aureus was the most common agent isolated from gram-positive
bacteria.(Hattori et al., 2014) In a study by C. Leli et al. on 586 cases of bacteremia, E. coli, Klebsiella spp. and P.
aeruginosa were the most common gram-negative bacteria infections, while S. aureus and Enterococcus faecalis
were the most common gram-positive bacteria infections.(Leli et al., 2015) In the study by H. Liu et al. 147 out of
648 blood culture positive cases fulfilling SIRS (Systemic Inflammatory Response Syndrome) criteria were
analyzed. In these cases, gram-negative bacteria, especially E. coli and Klebsiella spp. were the most common.
Among gram-positive bacteria, S. aureus and CNS were most frequently isolated. Baseline procalcitonin and CRP
levels were also among the factors analyzed.(Liu et al., 2017) In a study conducted in Portugal with 189 bacteremic
patients followed up in a burn unit, the most frequently isolated gram-negative bacteria were Pseudomonas spp.

and Acinetobacter spp. and gram-positive bacteria were CNS.(Cabral et al., 2019)

CRP is frequently used together with procalcitonin in the prediction of bacterial infections.(Simon et al., 2004) In
a study of 166 bacteremic patients followed up in the intensive care unit, no significant difference was found in

CRP levels in infections due to gram-negative and gram-positive pathogens.(Brodska et al., 2013) In a
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retrospective study by H. Liu et al., similarity in CRP levels was found between infections due to gram-negative
and gram-positive bacteria in bacteremic cases.(Liu et al., 2017) In the study by B. Bilgili et al. 124 bacteremic
sepsis patients were examined and it was found that the median value of CRP was significantly higher in infections
associated with gram-negative pathogens.(Kocazeybek et al., 2003) In another study conducted by Li S. et al. on
bacteremic sepsis patients, it was found that CRP levels were significantly higher in patients with gram negative
bacterial infections.(Li et al., 2016) In another study, 259 bacteremic patients diagnosed with sepsis, severe sepsis
and septic shock in the intensive care unit were examined and it was found that CRP levels were significantly
higher in bacteremic cases with gram-negative agents compared to gram-positive infections. In addition, gram-
negative bacteria were found to cause septic shock at a higher rate in this study. This result was associated with
the development of a stronger inflammatory response by gram-negative bacteria in sepsis.(Abe et al., 2010) In
addition to studies showing that CRP is prognostic, there are also studies emphasizing that it has no prognostic
value. In a study conducted by Silvestre et al. on 158 patients, CRP monitoring was not a good marker in
determining the diagnosis and prognosis of sepsis.(Silvestre et al., 2009) A study by Prieto and colleagues showed
that CRP levels correlated with the APACHE (Acute Physiology and Chronic Health Evaluation Score) score in
intensive care unit patients and that CRP levels can be used as a prognostic marker to predict the development of

organ failure and mortality.(Prieto et al., 2008)

In our study, no significant difference was found between the groups in terms of CRP levels. In addition, in our
study, although the crp level detected in the Ex group was higher than the surviving group, this difference was not
statistically significant. Correlation analysis was performed to see the relationship between CRP levels of the
groups and other parameters. It was found that CRP levels were positively correlated with NLR levels in patients

with Gram negative bacterial sepsis.

There are studies showing that lymphopenia and NLO seen in complete blood count are associated with
bacteremia.(Djordjevic et al., 2018) Numerous studies have shown a direct correlation between high NLR and
mortality in different patient populations. Neutropenia has been shown to be associated with an increased risk of
mortality. This may be due to increased peripheral utilization of neutrophils, damage to neutrophils by bacterial
products or suppression of bone marrow by inflammatory mediators. The relationship between lymphopenia and
bacteremia is based on the presence of a large number of TNF-a binding receptors on the lymphocyte surface and
the knowledge that lymphocytes are driven to apoptosis as a result of stimulation of these receptors.(Djordjevic et
al., 2018) In a study by Zahorec in 2001, it was reported that lymphopenia was associated with the severity of
sepsis in septic patients in intensive care units. In this study, a comparison was made between patients undergoing
major surgery and patients with sepsis and it was found that the NLO value was higher in the sepsis patient
group.(Zahorec, 2001) A study by Wyllie and colleagues suggested that lymphopenia could be used to predict
bacteremia. In a later study, they found that NLO value was more significant than CRP level or lymphopenia
alone.(Wyllie et al., 2004) In our study, neutrophil count was also higher in the excluded group but not statistically
significant. There was no statistically significant difference between the two groups in terms of lymphocyte count.
Similarly, Silvestre et al. examined the relationship between WBC count and prognosis in sepsis patients and found

no significant difference.(Silvestre et al., 2009) Salciccioli et al. conducted a study on 5056 bacteremic patients
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evaluating intensive care treatment uptake. According to the results of the study, there was no significant difference
in NLO between surviving patients and patients who died.(Salciccioli et al., 2015) In our study, no significant
difference was found when NLR was compared between exitus and survivors. In their study, Hwang et al. analyzed
the NLR levels of patients They examined NLR levels in five different groups by dividing them into five different
groups from the lowest to the highest, respectively. In this study, low NLR level was found to be caused by low
neutrophil levels and neutropenia led to bacterial infection and septic shock and high mortality rates.(Hwang et
al., 2017) In our study, similar to the study by Hwang et al., NLR was lower in the excluded group compared to
the surviving group, but this was not statistically significant. In the study conducted by Zahorec et al. NLR in
sepsis patients hospitalized in intensive care units association with mortality was found to be significant.(Zahorec,

2001)

In our study, the PLR rate in the ex group was lower than the PLR rate in the discharged group (p=0.029). In
addition, in the correlation analysis, it was found that CRP levels were positively correlated with NLR levels in

patients with Gram-negative bacterial sepsis.

The mortality rate of bacteremia ranges between 14-37% and is particularly high in critically ill patients.(Grumaz
etal., 2016) The source of infection is an important factor determining the prognosis in patients with sepsis. Studies
show that sepsis originating from the urinary system has the lowest mortality rate of 30%. However, in cases of
sepsis of gastrointestinal or pulmonary origin, mortality rates are reported to be as high as 50% to 55%. In the
study conducted by Mohan et al. in 2015, the overall mortality rate was 53%, 33.3% in sepsis, 33.3% in severe
sepsis 55.7% and 65.7% in septic shock.(Artero et al., 2010) In our study, the duration of hospitalization in the ex
group was higher than the duration of hospitalization in the discharged group (p=0.026). In addition, the PLR rate
in the ex group was lower than the PLR rate in the discharged group (p=0.029).

Conclusion

The aim of this study was to investigate the relationship between the presence of growth in blood cultures and
CRP, NLO, length of hospitalization and mortality in patients with gram negative bacteremia. To summarize our
study, no significant difference was found between the groups in terms of age, CRP, neutrophil, lymphocyte,
platelet and NLR levels in intensive care patients with gram negative bacteremia. The length of hospitalization in
the ex group was higher than the length of hospitalization in the discharge group (p=0.026). In addition, the PLR
rate in the ex group was lower than the PLR rate in the discharged group.CRP levels were positively correlated

with NLR levels in patients with Gram negative bacterial sepsis.
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