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Abstract

Background: Bacterial infections contribute to the high rates of morbidity in the world, and this is largely because these
infections can cause cellular and tissue damage. Biochemical markers such as creatine kinase (CK) and lactate
dehydrogenase (LDH) are the main markers used to determine tissue damage, although the changes in these markers
during bacterial infections and their relationship to the severity of the infection remain poorly understood.

Methods: A cross-sectional analytical study design was adopted for the research. The research was conducted in Al-
Hawija General Hospital in Iraq from December 2025 to February 2026. A total of 150 samples were collected for the
research, comprising 100 bacterial infection patients and 50 healthy controls. Biochemical analysis of CK and LDH levels
in the blood samples of the participants was carried out by an automated enzymatic kinetic method. The data analysis
of the results was done by the SPSS version 26 statistical tool. The results are expressed as mean and SD. The significance
level of p < 0.05 is considered for the results.

Results: The levels of CK and LDH in patients infected by bacteria were significantly higher compared to those in healthy
controls (CK: 210 +45U/Lvs. 120 + 30 U/L, p < 0.001; LDH: 480 + 90 U/L vs. 220 + 50 U/L, p < 0.001). Sepsis infection
showed the highest levels of these enzymes, while urinary tract infections showed the lowest levels. The levels of these
enzymes increased proportionally in accordance with the severity of the infections. LDH levels were more sensitive to
tissue damage. Patients aged 60+ years had higher levels of these enzymes compared to those aged <60 years. However,
gender had no influence on the levels of these enzymes. After one week of antibiotic treatment, the levels of these
enzymes decreased significantly: CK from 210 to 160 U/L, LDH from 480 to 320 U/L.

Objective: The objectives of this study were to assess the changes in serum CK and LDH levels in patients with
established bacterial infections, to determine the relationship between these enzymes and the nature and severity of
infection, to determine the impact of age and gender on enzyme levels, and to monitor the effects of antibiotic treatment.
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1. Introduction

Bacterial infections are a major public health problem globally and are a significant cause of morbidity and mortality
among all age groups. Bacterial infections may vary from localized diseases such as urinary tract infections and
pneumonias to generalized diseases such as sepsis and meningitis [1;2]. The pathophysiology of bacterial infections is
a complex process involving the interaction of the invading bacteria and the host cells by activating the immune
response and causing inflammation and damage to the body [3]. The monitoring of various biochemical markers, which
indicate cellular injury, is considered to be of prime importance for understanding the severity of disease, deciding on
appropriate treatment, and predicting clinical outcomes [4].
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Among various such markers, creatine kinase and lactate dehydrogenase have been studied extensively as sensitive
markers of cellular and tissue injury. CK is an enzyme present in the cytosol of cells, predominantly in skeletal, cardiac,
and to a certain extent, brain tissue. This enzyme is of prime importance in cellular metabolism, as it catalyzes the
reversible phosphorylation of creatine [5]. Elevated levels of CK in the bloodstream usually point to some injury in the
skeletal muscles, heart, or some signs of stress. In the context of bacterial infections, the increase in CK levels can be due
to tissue invasion, toxins, or secondary complications such as sepsis-induced myopathy [6].

LDH is an enzyme found in almost every tissue of the body, such as the heart, liver, muscles, kidneys, and lungs. LDH
catalyzes the conversion of lactate and pyruvate, which is a key event in cellular respiration [7]. Because of its wide
tissue distribution, LDH is a sensitive but nonspecific index of cellular damage. Elevated levels of serum LDH have been
found in a number of conditions, including hemolytic disorders, myocardial infarction, liver dysfunction, and infectious
diseases. In bacterial infections, elevated levels of LDH are due to generalized tissue damage and cellular necrosis caused
by the host's inflammatory response [8].

Several studies have highlighted the diagnostic and prognostic value of CK and LDH in infectious diseases. For instance,
elevated CK and LDH levels have been reported in patients with severe sepsis, bacterial pneumonia, and systemic
inflammatory responses, correlating with disease severity and adverse clinical outcomes [9;10]. Despite this, limited
studies have systematically evaluated the dynamic changes of these enzymes in different types of bacterial infections,
their relationship with infection severity, and their potential role in monitoring treatment response [11].

Knowledge of the patterns of CK and LDH abnormalities in bacterial infections can offer the medical practitioner a
powerful tool in the early risk stratification, therapeutic response, and risk of complications in bacterial infections
[12;13]. Additionally, the use of these enzymes in conjunction with other conventional clinical parameters can help in
the precise management strategies in bacterial infections [14;15].

In view of the above, the current research is designed to investigate the changes in the levels of CK and LDH among
bacterial infection patients, the relationship between the two enzymes and the type and severity of the bacterial
infections, the effect of age and gender on the two enzymes, and the dynamic changes in the two enzymes after antibiotic
treatment. It is believed that this current research will contribute to the full understanding of the role of biochemical
tests in bacterial infections and the role of CK and LDH as adjunctive tools.

2. Materials and Methods

2.1. Study Design

The present study was performed as an analytical cross-sectional study from December 2025 to February 2026, aiming
to assess the change in creatine kinase (CK) and lactate dehydrogenase (LDH) levels in bacterial-infected patients and
the association with the severity of the bacterial infection within a certain period of time, without the intervention of
the researchers.

2.2. Study Setting

The study was conducted in Al-Hawija General Hospital and its affiliated health centers in Al-Hawija District, Kirkuk
Governorate, Iraq. This hospital and health centers are considered major centers for receiving patients infected with
different bacterial infections. The main sources of patients were the internal medicine department and the emergency
department, and the necessary biochemical investigations were conducted in the hospital laboratories.

2.3. Sample Size and Study Population

The total number of participants in this study was 150, divided into two groups. The patient group comprised 100
patients with bacterial infections, as confirmed through clinical assessment and laboratory tests, while the control group
comprised 50 healthy individuals with no signs of any acute or chronic illness. Participants were randomly sampled
using simple random sampling, where both genders and different age groups were represented from hospital attendees
during this study.

2.4. Inclusion Criteria

Individuals with a confirmed diagnosis of bacterial infections on the basis of clinical symptoms with laboratory evidence
such as increased inflammatory markers or bacterial cultures were included. The participants had to be 18 years or
older. Healthy controls for the study were included if they had no medical history that might interfere with the outcome.
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2.5. Exclusion Criteria

Chronic health conditions such as liver disease, kidney disease, heart disease, and muscular diseases that affect the level
of CK were excluded. Patients with recent surgeries, physical injuries, and those on medication that affects the level of
enzymes were also excluded to ensure accuracy.

2.6. Sample and Data Collection

Clinical and demographic information was obtained from medical records and direct interviews with patients using a
data collection form. Data collected included demographic information such as age and sex, infection severity and type,
medical history, behavioral factors like smoking, etc.

2.7. Laboratory Analysis

Laboratory tests were carried out at Al-Hawija General Hospital by automated clinical chemistry analyzers following
the manufacturers’ calibration procedures. Blood specimens of 5 mL each were drawn in dry tubes, allowed to clot, then
centrifuged at 3000 rpm for 10 minutes. Serum specimens were then kept frozen at -20°C until tested. [16;17].

The activity of CK was determined using a kinetic enzymatic method, which is based on measuring the change in
absorbance at 340 nm, which is directly proportional to enzyme activity [18]. LDH activity was determined using a
kinetic spectrophotometric method, which measures the rate of change in absorbance at 340 nm, which is directly
proportional to enzyme activity in the sample [19]. All tests were conducted using standard protocols with quality
control measures in place to ensure accuracy of results.

2.8. Statistical Analysis

The data was analyzed using SPSS version 26. Quantitative data was represented as mean * SD, whereas qualitative
data was represented as frequency and percentages. The t-test was applied to compare two groups for quantitative data,
whereas ANOVA was applied to compare more than two groups, particularly to compare the severity of infection. The
relationship between enzyme levels and severity was analyzed using Pearson correlation coefficients. A p-value < 0.05
was considered statistically significant.

3. Results

3.1. Comparison of CK and LDH Levels Between Patients and Healthy Controls

The results of this study revealed a significant increase in CK and LDH levels in patients with bacterial infections when
compared to healthy individuals. The level of CK in patients with bacterial infections was found to be 210 * 45 U/L,
whereas in healthy individuals, it was 120 + 30 U/L. Similarly, LDH levels were found to be 480 + 90 U/L in patients
with bacterial infections, whereas in healthy individuals, they were 220 + 50 U/L. Statistical significance was found to
be high in this study for both CK and LDH levels, which is p < 0.001.

Table 1 Comparison of CK and LDH Levels Between Patients and Controls

Enzyme Patient Group (n=100) | Control Group (n=50) | p-value
CK (U/L) 210+ 45 120 + 30 <0.001
LDH (U/L) | 480 £90 220+50 <0.001
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Figure 1 Bar chart showing elevated CK and LDH levels in patients compared to healthy controls

3.2. Enzyme Levels According to Infection Type

The CK and LDH enzyme levels were also analyzed based on the types of infections. Sepsis had the highest level of both
enzymes, whereas urinary tract infections had the lowest average level of CK and LDH enzymes, showing that the extent
of cell damage varies with different types of infections.

Table 2 CK and LDH Levels by Infection Type

Infection Type No. of Patients | CK (U/L) Mean + SD | LDH (U/L) Mean * SD
Pneumonia 45 205 £40 470 = 85
Sepsis 30 23035 56070
Meningitis 15 215+30 500 = 65
Urinary Tract Infection | 10 190 + 25 380 + 40
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Figure 2 Graphical representation of CK and LDH levels by infection type

3.3. Effect of Infection Severity on Enzyme Levels
The patients were classified according to the severity of infection. Both enzymes increased in severity of the disease.
LDH has shown higher sensitivity compared to CK.
e LDH: Mild - 380 + 40, Moderate - 430 + 50, Severe - 560 + 70
e (CK:Mild- 190 + 30, Moderate - 200 + 35, Severe - 230 + 40
Table 3 CK and LDH Levels by Infection Severity

Infection Severity | No. of Patients | CK (U/L) Mean + SD | LDH (U/L) Mean * SD
Mild 25 190 + 30 380 + 40
Moderate 40 200+ 35 430 +50
Severe 35 23040 560 =70
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Figure 3 Increase in CK and LDH levels with increasing infection severity

3.4. Effect of Age and Gender on Enzyme Levels

CK and LDH levels tended to increase with age, particularly in individuals 260 years, while gender showed no significant
effect.

Table 4 CK and LDH Levels by Age Group

Age Group | CK (U/L) Mean = SD | LDH (U/L) Mean * SD
18-39 200 £ 35 430+ 60
40-59 215+40 480+ 70
260 225+45 520 £ 80
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Figure 4 Effect of age on CK and LDH levels
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3.5. Enzyme Follow-Up After Treatment

After one week of antibiotic therapy, CK and LDH values gradually decreased, which correlated with clinical
improvement and reduced cellular damage. LDH values decreased from 480 + 90 to 320 * 60 units/L, and CK values
decreased from 210 * 45 to 160 + 35 units/L.

Table 5 CK and LDH Levels Before and After Treatment

Enzyme Before Treatment | After 1 Week of Treatment
CK (U/L) 210+ 45 160 + 35
LDH (U/L) | 480+ 90 32060

4., Discussion

This study showed the significance of the increase in the level of CK and LDH in the sera of patients with bacterial
infections compared to healthy controls. This is because bacterial infections directly affect the tissues and cells. LDH is
used as a marker for cellular damage, while CK is used as a marker for damage to the skeletal muscles [20;21]. These
results were similar to those in previous studies, such as [22], which showed elevated levels of LDH and CK in severe
sepsis, confirming the role of these enzymes as markers for cellular damage and effective tools for evaluating the
treatment response.

Analysis of the levels of enzymes in different infections revealed that the highest levels of CK and LDH were found in
sepsis infections, while the lowest levels of these enzymes were found in urinary infections. This reveals that the level
of cellular damage varies in different infections. Sepsis infections have the highest level of cellular damage because of
the inflammatory response in these infections, unlike other infections. This is in agreement with other studies [23], that
found that LDH levels are higher in systemic infections or severe pneumonia compared to mild infections.

Regarding the severity of infection, the levels of both CK and LDH were found to have a positive correlation with the
severity of the infection [24]. Among these two, LDH is found to be more sensitive in measuring the overall cellular
damage [25]. The presence of LDH is seen in many tissues such as the liver, heart, muscles, and kidneys. Therefore, an
increase in the level of LDH is seen in cases of extensive cellular damage [26]. CK is found primarily in the muscles and
heart and is elevated in cases of direct muscle damage and severe infections. [27].

Age was found to have a slight modifying effect, with enzyme levels rising in older people, particularly those aged 60
years and above, whereas gender was not found to affect enzyme levels significantly. This could be because, as people
age, they become more susceptible to complications arising from infections, and their ability to heal at a cellular level is
impaired [28], a finding that is also consistent with that of [29], who found that higher levels of LDH were seen in elderly
patients suffering from bacterial infections.

Levels of CK and LDH after a week of antibiotic therapy have shown a gradual decrease, which indicates improvement
and less cellular damage [30]. Such enzymes could serve as supplementary tools for monitoring the treatment process
along with traditional clinical parameters such as body temperature and levels of CRP and WBC [31;32].

The association between the level of CK and LDH with the type and severity of the infection helps in the quick
assessment of the severity of the disease and the outcome of the patient's condition [33;34]. For example, an increased
level of LDH with an increased level of CK indicates severe infection or tissue damage, which requires close monitoring
and intensive care; an increased level of LDH with moderate CK indicates limited systemic infection or less muscle
involvement [35;36;37].

5. Conclusion

CK and LDH enzymes are important biochemical markers in the assessment of tissue damage and the evaluation of the
course of bacterial infections. LDH is considered a sensitive marker for the assessment of general cellular damage,
whereas CK is important in the assessment of muscular damage. The dynamic changes in the activity of these enzymes
correlate with the type, severity, and age of the patient with bacterial infections. These findings support the routine
assessment of CK and LDH enzymes in the clinical evaluation of bacterial infections.
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