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IL-6 is one of the most studied cytokines in kidney disease. It is making inflammation
worse by activating B cells that affect the production of hepatic acute phase proteins. It is also
involved in metabolic, regenerative, and neurological processes Procalcitonin (PCT) is a typical
biomarker for bacterial infections. since it increases in response to bacterial infections but not
to other inflammatory reactions such as viral infections. Study the role of IL-6 and PCT on
renal failure that is affected by bacterial and viral infection. Between January and April 2023,
120 patients were confirmed to have chronic renal failure with or without diabetes mellitus
who were affected or not via bacterial or viral infections based on previous medical reports
and were divided into six groups; each of them included 20 patients. IL-6 and PCT levels
were assayed and compared among groups. Different groups had very significantly different
levels of IL-6 (90.40+25.77 for patients in G1, 42.33%17.32 for patients in G2, 84.95+19.80 for
patients in G3, and 36.68+15.10 for patients in G4). The levels were 2.44+0.79 for patients in
G5 and 2.26+0.59 for the control group, respectively (p<0.0001). The levels of PCT were also
significantly different between groups (4.77+1.86 for patients in G1; 0.31%0.09 for patients
in G2; 4.41%1.43 for patients in G3; 0.28+0.09 for patients in G4). The levels were 0.04+0.01
for patients in G5 and 0.03%0.01 for the control group, respectively (p<0.0001). The findings
demonstrated significant in levels of interleukin-6, urea, and creatinine in all patients except
diabetic patients and significant increase in the level of procalcitonin in patients who have
a bacterial infection, not a viral infection. The level of IL-6 increases in renal failure in both
bacterial and viral infection states, but the Procalcitonin level increases in bacterial infection
only.
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After the discovery of interleukin-6 (IL-6)
in 1986 as a B-cell stimulatory factor that begins [gG
production, it was found to be a pleiotropic cytokine
that regulates a wide variety of physiopathological
processes, including cell proliferation, survival,
migration, invasion, metastasis, angiogenesis,
inflammation, and metabolism '. While monocytes
and macrophages account for the vast majority of
IL-6 production, other cell types, including T cells,

B cells, hepatocytes, endothelial cells, fibroblasts,
keratinocytes, mesangial cells, adipocytes, and even
certain tumor cells, are capable of producing IL-6
either constitutively or in response to stimulation
23, In response to microbial stimulation, monocytes
and macrophages (MO/MB0) release IL-6 *.

The inflammatory effects of IL-6 may
be either pro- or anti-inflammatory. The anti-
inflammatory effects of IL-6 include stopping
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bacterial infections, increasing the growth of
epithelial cells, and stopping epithelial cells
from giving up '. In contrast, IL-6 exhibits pro-
inflammatory activity when there is no control
over its production; consequently, an increase in
the release of this cytokine can be a symptom of
the syndrome known as cytokine storm’. A cytokine
storm is a condition in which a wide variety of
immune-active molecules, such as chemokines and
cytokines, are released from the immune system at
extremely high concentrations®.

Weakness, fever, muscular discomfort,
and other symptoms are all caused by both bacterial
and viral diseases. Differentiating between these
two kinds of infections as soon as possible is crucial
for effective treatment and a positive prognosis.
Antibiotics are often used to treat bacterial
infections; however, they are ineffective against
viral infections and may even lead to the spread
of antibiotic resistance .

IL-6 is up-regulated fast and transiently
during viral or bacterial pathogenic invasion. Rapid
elevation of IL-6 following bacterial infection, with
apeak at 2 h, is significantly connected with disease
severity. Acute increases in IL-6 levels can occur
in response to viral infection and inflammation.
IL-6 is a reliable indicator of stress responses and
plays a key role in the adaptive immune response
by stimulating B cells to produce antibodies and
inducing the differentiation of naive CD4+ T cells
into effector T cells. IL-6 rises first in response to
inflammation and stays elevated for longer than
other cytokines. In comparison with C-reactive
protein (CRP) and procalcitonin (PCTs), it is useful
for screening acute infections in their earliest
stages'*5.

Procalcitonin (PCT) is a prohormone
secreted by the thyroid gland. Procalcitonin (PCT)
is located on the CALC-1 gene on chromosome
11, a 116-amino-acid polypeptide®. IL-6, TNF-a,
and IL-1 induce PCT production in extrathyroidal
tissue in response to bacterial infection. PCT is
bacterial-specific since its synthesis is inhibited
during most viral infections due to an increase in
interferon-a production'’.

Procalcitonin has gained popularity as a
diagnostic tool for bacterial infections and sepsis
in recent years. Since serum PCT levels may rise
within a few hours after inflammation and often
peak within 24 to 48 hours, their specificity is

greater than that of other frequent laboratory
indicators such as leukocytosis, increased band
cells, and C-reactive protein (CRP). Serum PCT
increases have been seen in patients with severe
systemic fungal or parasitic infections, in addition
to those with bacterial infections and sepsis.
While PCT values are too low or not at all in
viral infections, the cytokines produced during
viral infections are mostly responsible for this
since they inhibit the synthesis of tumor necrosis
factor-a (TNF-a). Therefore, serum PCT levels are
an excellent indicator that distinguishes between
bacterial and viral illnesses'"'%.

Chronic kidney disease (CKD) progresses
to its last irreversible stage, which is known as
end-stage renal disease (ESRD). This stage is
characterized by a steady decrease in kidney
function that ultimately results in kidney failure.
ESRD is linked to a worse quality of life, death
at an earlier age, and increased expenses for the
whole healthcare system'?. Loss of kidney function
is linked to the failure to properly eliminate several
types of uremic toxins. They are both the cause
and the effect of CKD because of their biological
activity'4.

IL-6 is one of the cytokines that has been
studied the most in kidney disease. It is making
inflammation worse by activating B cells and causing
the production of hepatic acute phase proteins. It
is also involved in metabolic, regenerative, and
neurological processes®. The presence of elevated
plasma interleukin-6 (IL-6) levels is frequently
observed in patients with chronic kidney disease
(CKD). This phenomenon is primarily attributed
to heightened production as a consequence of
oxidative stress, chronic inflammation, and fluid
overload. In addition, diminished renal function
plays arole in the accumulation of IL-6 by reducing
its clearance. Both therapeutic hemodialysis and
peritoneal dialysis have been shown to increase
the production of interleukin-6 (IL-6) in people
with end-stage renal disease (ESRD) as a result
of the inflammation. Researchers have found that
interleukin-6 (IL-6) speeds up the progression of
chronic kidney disease (CKD) by making kidney
damage worse and causing complications like
chronic vascular disease (CVD) *. The objective of
the study is to investigate the role of interleukin-6
and PCT in the severity of microbial injury in
kidney patients.



GABER & MURAIH, Biomed. & Pharmacol. J, Vol. 17(1), 461-468 (2024)

MATERIALS AND METHODS

Patients and Groups

The current study included 120 patients,
divided into six groups of 20 patients to each.

1- Groups 1, have patients with chronic renal failure
and diabetes mellitus with bacterial infection.

2- Group 2, , have patients with chronic renal
failure and diabetes mellitus with viral infection.
3- Group, have patients with chronic renal failure
with bacterial infection.

4- Group 4, , have patients with chronic renal
failure with viral infection.

The patients are 40 years of age and older
and were admitted to the Al-Hussein Teaching
Hospital in the Al Muthanna Government during
the period from January 2023 to the end of April
2023. All patients were diagnosed as having chronic
renal failure with a bacterial or viral infection based
on previous medical reports, laboratory tests, and
clinical examinations by consultant nephrologists.
5- Group 5, 20 subjects with diabetes mellitus.

6- Control group, 20 healthy subjects with an age
group of 40 years and up.

The control group subjects were selected
as healthy individuals without a history of kidney
disease, current or previous kidney stones, diabetes
mellitus, or hypertension, depending on previous
medical reports and laboratory investigations.
Blood samples (5 mL) were taken from each patient
and healthy individuals.
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Samples

The blood samples were centrifuged
at 3000 x g at 4 °C for 10 min. The serum was
removed, aliquoted in some vials, and stored at
-20 °C. The serum was used for the detection of
biochemical parameters, including urea, creatinine,
IL-6, and PCT. Laboratory diagnosis depended on
using an auto-analyzer known as the Cobas C111
in Germany for the estimation of serum urea and
creatinine. Additionally, Getein 1100 identified
IL-6 and PCT. Methods were conducted according
to the instructions in the manufacturing company
leafiet.
Statistical analysis

This study designed by Completely
randomized design (CRD) that used in the analysis
of variance for study parameters by using one-way
ANOVA test and independent #-test. Moreover,
Dunnett’s Test was used for comparison of study
parameters between study groups and control
group. Regarding linear correlation, Pearson’s
Correlation Coefficient was used. Data were
processed and analyzed by using statistical program
social science (SPSS 22) and the results were
expressed as Mean+SD (McDonald, 2014)".

RESULTS

This study showed a significant variance
in IL-6 parameters means among six study groups,
where the p value was <0.0001. The results showed
a significant difference when compared between

Table 1. Comparison of study parameters (PCT and IL-6) among
study Groups. Asterisks represent the significance. Number of
patients = 20 to each group

P value Mean + St. Deviation Groups

<0.0001* 4.7720 £ 1.86547 Gl PCT
<0.0001* 0.3150 +£0.09378 G2

0.826 4.4160 + 1.43331 G3

0.0001* 0.2895 +0.09110 G4

0.873 0.0430 +0.01895 G5

0.982 0.0360 +0.01930 Control

<0.001* 90.400 + 25.77949 Gl IL6
<0.001* 42.3350 + 17.32592 G2

<0.001* 84.9500 + 19.80424 G3

<0.001* 36.6800 + 15.10833 G4

<0.001* 2.4400 £ 0.79565 G5

0.972 2.2600 £ 0.59683 Control
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all groups with a control group (a- p<0.0001*)
and between the first group ( RF, DM and BI)
with control (a- p<0.0001%*), also when compared
between the second group ( RF, DM and V1), third
group ( RF and BI) and fourth group ( RF and VI)
with control, (b, c, d, e - p<0.0001*). However,
the fifth group (DM) showed there is no significant
difference when compared with the control group
(f-p=0.972).

For PCT measurements, the results
showed a significant variance in PCT parameters
means among six study groups, where the p value
was <0.0001. In comparison between all groups
versus a control, we found p-value is less than
0.0001(a- p<0.0001%*). Also, there is significant
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difference when compared between the first group
(RF, DM and BI) and the third group ( RF and BI),
with control (b, d, - p<0.0001*), but there is no
significant difference in comparison between the
second group ( RF, DM and VI ), fourth group (
RF and VI) and fifth group (DM) with control (c-
p=0.826, e. p=0.873 and f- p=0.982 respectively).
These results are shown in table (1) and figure (1).

The results for Urea and creatinine
parameters means showed there is a significant
difference among all groups when compared with
control since the p-value was <0.0001, except
for the fifth group (DM) there is no significant
difference with the control group. These results
are shown in table (2,3) and figure (2).

Table 2. Comparison of study parameter (Urea) among study
Groups. Asterisks represent the significance. Number of patients =

20 to each group
Groups Mean + St. Deviation P value

Urea Gl 124.0850 £ 19.18674 <0.0001*

G2 129.3700 + 39.84359 <0.0001*

G3 120.1950 + 45.37441 <0.0001*

G4 117.4900 + 27.26289 <0.0001*

G5 32.6500 + 7.57611 <0.0001*

Control 26.6000 £ 7.87000 0.943
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Fig. 1. Comparison of study parameters (IL6 and PCT) among study Groups
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DISCUSSION

Interleukin-6 (IL-6) is one of
the pro-inflammatory cytokines. Infection,
inflammation, obesity, and stress all play a role
in triggering IL-6 production'. Foreign bodies,
hemodialysis catheters, arteriovenous fistulas,
and the hemodialysis technique all contribute to
inflammation. Chronic stress and negative feelings
can also lead to increased cytokine levels'’.
Infections caused by bacteria and viruses pose a
serious threat to people with CKD. High morbidity
and mortality rates have been linked to bacterial
infections in hemodialysis (HD) patients'®.
Patients on dialysis may have inflammation for

a number of reasons, including those connected
to the dialysis procedure itself, to the underlying
cause of renal failure (such as oxidative stress), or
to an infection. It appears that exposing blood to
bioincompatible dialysis membranes is a significant
contributor to chronic inflammation connected
to dialysis. White blood cells and complement
are triggered by cellulosic membranes and other
bioincompatible membranes'®. Studies show that
the cytokine IL-6 promotes inflammation. As a
result of a bacterial infection, it helps kick off
the acute phase response in humans. The serum
level of interleukin-6 (IL-6) is modest in healthy
individuals but rises substantially during the early
phase of bacterial infection®. In viral infections,

Table 3. Comparison of study parameters (Creatinine) among study
Groups. Asterisks represent the significance. Number of patients = 20 to

each group
Groups Mean + St. Deviation P value
Creatinine Gl 6.2300 + 1.87283 0.0001*
G2 6.9950 £2.29174 0.0001*
G3 8.3795 £3.12715 0.0001*
G4 8.6150 £2.26838 0.0001*
G5 0.6900 = 0.17741 0.0001*
Control 0.6925 + 0.18934 0.997
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Fig. 2. Comparison of study parameters (urea and creatinine) among study Groups
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the cytokines are implicated in establishing an
antiviral state as the unspecific first line of defense
and virus-specific response. PRRs, which can exist
as transmembrane receptors or in other intracellular
compartments, are responsible for kicking off this
process by recognizing viral organisms. Changes in
the receptor’s structure initiate a signaling pathway
in the cytoplasm that ultimately leads to the
translocation of cytoplasmic transcription factors
into the nucleus, where they boost the production
of several cytokines. Cytokine production might
differ in kind depending on the virus and the cell
type*'. They may be able to recognize cells that
have been infected by a virus and exert control
over inflammatory and immunological responses,
the removal of viruses, and processes that cause
harm to tissue. It is known that both HBV and
HCV infections can alter a wide range of cytokine
activities. An imbalance in the production of pro-
inflammatory and anti-inflammatory cytokines
is what drives the immunopathogenesis of HBV
and HCV infections*. The lower level of IL-6 in
people with type 2 diabetes compared to a healthy
control group, on the other hand, suggests that cell-
mediated immunity may be weakened in people
who are taking medications to control their blood
sugar levels®. Most previous results agreed with
ours. This means that the increase in IL-6 is due to
a bacterial or viral infection of the failed kidney,
and there is no effect of diabetes on IL-6.

An increasingly popular biomarker
for bacterial infections is procalcitonin (PCT).
PCT is greatly raised in response to stimulation
by pathogens, although its level in otherwise
healthy people is below the detection threshold
(0.01 ng/mL)*. PCT levels in the blood can rise
within hours of inflammation and usually reach
their highest point within 24 to 48 hours. This
makes them more specific than other common
lab markers like leukocytosis, increased band
cells, and C-reactive protein (CRP). Patients with
bacterial infections and sepsis have elevated serum
PCT levels, while those with viral infections have
lower PCT values or none at all. This is mainly
because cytokines created during viral infections
inhibit the generation of tumor necrosis factor-a.
As aresult, PCT levels in the serum are a reliable
and accurate indicator for distinguishing bacterial
from viral illnesses'2.-Our results showed a non-
significant difference in the level of PCT in type

2 diabetes mellitus compared with the control
group. Insulin may have anti-inflammatory effects
apart from its impact on blood sugar, according to
several studies. Increased endothelial nitric oxide
release, decreased expression of proinflammatory
cytokines, and immune system suppression are
some of the ways insulin reduces inflammation.
This could be the reason why the PCT levels
were low in diabetic patients, as in the study®.
Our findings corroborated who reported that
patients with diabetes mellitus had a decrease in
PCT concentration. This decrease was observed
irrespective of the specific type of diabetes™.

The non-enzymatic conversion of
creatine and phosphocreatine produces creatinine
in muscle. The amount of creatinine produced is
directly proportional to the amount of muscle mass.
The liver plays a crucial role in the synthesis of
creatinine by methylating guanidine amino-acetic
acid”. Patients with chronic kidney disease who
are on dialysis often have viral infections, which
could be a result of contracting an infection while
on dialysis. Time on hemodialysis and infection
prevalence within hemodialysis units are inversely
related to the probability of transmission. The
results of our study showed that patients who have
renal failure with DM and viral infection showed
significantly higher levels of creatinine than the
controls. These results agreed with the results of
a study carried out, which found that out of the
164 patients, 26 tested positive for viruses. Serum
creatinine in viral-infected CKD patients was
higher than in non-viral-infected CKD patients®.

Additionally, this study demonstrated that
type 2 diabetes mellitus did not significantly affect
serum creatinine concentration in comparison to
the control group. This agreed with the results of
the previous study, which showed that low serum
creatinine increases the risk of type 2 diabetes.
Some results postulated that a smaller amount
of skeletal muscle would correlate with a lower
serum creatinine level. When skeletal muscle
stops responding to insulin, it sets off a cascade of
events that culminate in the development of type
2 diabetes®.

Urea is an organic compound that is
produced as a result of protein metabolism in the
human body. It is non-toxic and plays a crucial
role in eliminating 80-90% of the nitrogen waste.
Elevated blood urea levels indicate compromised
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renal function, while reduced urea levels can be
attributed to impaired liver function and protein-
energy deficiency®. According to the results of this
study, the level of serum urea concentrations in viral
infection and CKD was higher than in the control
group. This study confirmed previous findings that
chronic kidney disease and viral infections were
linked to higher serum urea concentrations than
non-viral infections and chronic kidney diseases®®.

Results in this study showed a non-
significant difference in the level of Urea in type 2
diabetes mellitus compared with the control group.
These results are in agreement with Kurniawan
and Kusrini who found that more than 80% of the
diabetic participants had normal urea levels (d”’40
mg/dL). In the group of patients aged 45 years and
up, the average urea level was 34.54 mg/dL, which
is still considered normal. This finding shows that
diabetics still have normal kidney function, which
means it is possible to manage a diabetic to keep
blood sugar levels under control *' .

CONCLUSION

It is clear depending on our obtained
findings that, the level of interleukin — 6 increases
in case of renal failure accompanied by either
bacterial or viral infections. Considering the
procalcitonin, it was seen to elevate in case of renal
failure accompanied with bacterial infection only.
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