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ABSTRACT

The current study include (75) samples of patients with pyelonephritis who were admitted clinically private for three months 
between March and May 2020 for this investigation, Alpha-2-Macroglobulin was estimated in patients suffering from pyelone-
phritis and positive culture of UPEC by using Alpha-2-Macroglobulin Enzyme-linked Immunosorbent Assay Kit, the results 
showed that, there were significant difference between study groups (patient’s positive culture of UPEC and control group). The 
mean differences of Alpha-2-Macroglobulin was significant increase and between patient’s positive culture of UPEC compared 
with control group. However, Procalcitonin was estimated in patients suffering from pyelonephritis and positive culture of 
UPEC, the results showed that, there were significant difference between study groups (patient’s positive culture of UPEC 
and control group). The mean differences of Procalcitonin were significant increase and between patient’s positive culture of 
UPEC compared with control group. All samples were culture in various aerobic media and the result show out of seventy-five 
samples only 62(82.7%) was positive growth while 13(17.3%) no growth observed. 25 (40.33 %) of the positive cultures were 
cultured on selective media (EMB) were diagnosed as E. coli, while 37 (59.67 %) isolates were related to other species of 
bacteria. Molecular detection of specific uropathogenic E. coli genes were done in all E. coli isolates from urine samples, when 
compared to an allelic ladder, the results showed that all 25 (100%) E. coli isolates had positive results for the chuA gene due 
to the presence of (221) bp bands. In addition, a molecular investigation of the uidA gene was performed for all 25 isolates 
previously identified as E. coli. This gene can be identified using the (PCR) polymerase chain reaction, which is more sensitive 
and specific Tanique. When compared to an allelic ladder, the results showed that all 25 (100%) E. coli isolates had positive 
results for the uidA gene due to the presence of (259) bp bands.

Aim to study: The study aims to estimation of some biomarkers such as α-macroglobulin and procalcitonin among patients 
suffering from pyelonephritis and detection of uropathogenic Escherichia coli in Hilla City.
Keywords: α2-macroglobulin, procalcitonin, pyelonephritis0, UPEC.
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IntroductIon

Pyelonephritis is a form of infection of the urinary tract that 
affects either one or both kidneys. A bacterium or a virus will 
infect them. It can make people feel really ill, and it requires 
medical attention (Linsenmeyer, 2018). Even though the 
genitourinary mechanism is designed to keep bacteria out, 
problems might arise. Through the canal, microorganisms, 
bacteria from the intestines, such as E. coli, can enter the 
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After that, UPEC cells attach to the bladder surface and interact 
with the animal tissue munition (Klein & Hultgren, 2020).  
(α2M) Alpha-2-macroglobulin is a PI and one of the most 
important plasma proteins. It transports hormones and 
enzymes, performs effector and substance tasks within the 
humor system’s development, and suppresses complement 
and stop system elements (Gianazza et al., 2021). 

The α2M could be a 720-kilodalton protein discovered in the 
blood. It’s mostly produced by the liver, but macrophages, 
fibroblasts, and endocrine gland cells also produce it at home. 
The α2M sequence encodes it in humans (Malik et al., 2020). 
It acts as an antiprotease and is ready to inactivate a vast style 
of proteinases. It works as a dissolving inhibitor by inhibiting 
enzyme and kallikrein and works as a clotting inhibitor by 
inhibiting coagulase (Yaron et al., 2021).  Because it binds 
to a variety of growth hormones and cytokines, including as 
platelet-derived growth factor, basic embryonic cell growth 
factor, TGF-, insulin, and IL-1, α2M may operate as a carrier 
macromolecule (Garcia-Ferrer et al., 2017). When albumin 
levels are low, as they are in nephritic syndrome and pyelone-
phritis (a condition in which the kidneys begin to break down 
several the smaller blood proteins), α2M levels was a rised. 
(Šunderić et al., 2019). because of its size, it is is able to 
stay in the bloodstream. When all proteins are produced at a 
higher rate, alpha-2 macroglobulin concentration rises. This 
increase has very minimal negative health consequences, 
yet it is used as a diagnostic clue and it is causes amyloid in 
long-term chronic failure (Cater et al., 2019).

MaterIals and Methods

Patients and Collection of Samples
The Cross-Sectional study was carried out for a period of 
(3) month from March (2020) to May (2020).  75 samples 
were collected from subjects attending to clinical private in 
AL-Hilla city, both blood and urine samples were obtained 
from pyelonephritis patients, and 25 blood samples were 
acquired from healthy patients as a control group. These 
samples were collected from males between the ages of 18 
and 65. (20-55 years).

Samples of Urine
In most cases, pyelonephritis patients were given 10 mL 
of urine to collect. Urine samples were taken in the middle 
of the flow in sterile screw-cap containers, Culture media 
inoculation, then cultivated aerobically for 24 hours at (37)°C 
(Vandepitte et al, 1991).

Blood Sample
Five milliliters of blood were drawn, two milliliters were 
placed in EDTA tubes to obtain plasma for estimation of 
-macroglobulin, and three milliliters were placed in gel tubes 
and allowed to clot at room temperature for thirty minutes 
before centrifugation at 3000g for three minutes, and the sera 
were drawn and stored at (-20 C) until procalcitonin analysis 
(Vandepitte et al, 1991). 

urine system.. (Pulipati et al., 2017). these bacteria have 
the ability to move into the bladder. It is possible that this 
will result in a urinary tract infection (inflammation of the 
bladder). A urinary tract infection (UTI) is also a possibility 
(Klein & Hultgren, 2020). 

Urinary tract infection happens in one-3 percent of adult 
patients per year. If the infection spreads to the excretory 
organs, kidney infection will result. This drawback is rare 
however it is severe (Zwaans et al., 2018). Regarding 1 in 
each thirty cases of UTI results in a kidney infection, The 
signs and symptoms of pyelonephritis usually appear over a 
few hours or days. Symptoms include a high fever, pain when 
passing urine, and stomach pain that extends from the flank to 
the back. Usually, it’s accompanied by a projection (Johnson 
& Russo, 2018). Consistent flank or stomach discomfort, 
infection signals (fever, unexpected weight loss, weariness, 
and ablated appetite), lower tract symptoms, and blood in the 
urine are all symptoms of chronic pyelonephritis (Gonchar 
et al., 2019). Pyelonephritis can sometimes result in a fever 
of unclear origin. In addition, inflammation-related proteins 
can accumulation in organs, resulting in AA disease. (Karki 
& Leslie, 2021). During a physical examination, a fever and 
discomfort at the cost vertebral angle on the affected side may 
be observed. Urine testing can determine whether or not you 
have a urinary tract infection  (Dubbs & Sommerkamp, 2019).

The presence of group and white blood cells on a urine test strip 
is enough to diagnose pyelonephritis in persons with typical 
symptoms, and the presence of these cells is a clue that empirical 
treatment is required. In blood tests, a whole blood count may 
detect neutrophilia  (Fukami et al., 2017). Urine culture with 
or without blood cultures, as well as antibiotic sensitivity 
testing, are both required in determining an accurate diagnosis 
(Rothe et al., 2020). The most common cause of urinary tract 
infections (UTIs) in humans is Uropathogenic Escherichia coli 
(UPEC) (Frick-Cheng 2020). Clinical detection tests can take 
anything from hours to days (dipsticks) to complete, limiting 
how quickly patients can be treated. Molecular approaches, 
on the other hand, may improve speed and accuracy, but their 
applicability is hampered by UPEC strain genetic variability 
(Frick-Cheng et al., 2020).

Commensal Despite the fact that Escherichia coli strains are 
a widespread element of the gut microbiota, they seldom 
cause health concerns in the gut or in the UT (Kjelstrup et al., 
2017). Specific E. coli strains, have developed into pathogens 
that cause a variety of illnesses, including UTIs, presumably 
by horizontal sequence transfer (HGT). E. coli strains are 
divided into three types based on their ecology: commensal 
(useful colonizers of the digestive system), intestinal problem 
(enteric illness or diarrheagenic),and strains that are harmful 
to the intestines (ExPEC, including UPEC)(Rossi et al., 
2018). Genes concerned within the settlement by Escherichia 
of the UT, and resultant pathogenesis, might give the key to 
discover UPECs (Li et al., 2017). The pathogenic process is 
assumed to start with urethral colonization, which is followed 
by bacterial ascent into the bladder and urine proliferation. 
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Ethical Approval
Each patient gave their informed consent before being 
included in the study.

Identify of Uropathogenic E. coli Isolates by Gram 
Stain, Biochemical Tests
Based on its morphological features, a single colony from 
each primary positive culture on blood, eosin methylene 
blue (EMB), and nutrient agar is categorised and inspected 
by light microscopy after being stained with Gram’s stain 
(colony form, size, color, boundaries, and texture). Following 
the examination, biochemical assays were performed on each 
isolate to complete the UPEC diagnosis (Baron et al, 1994; 
MacFadden, 2000).

DNA Extraction of UPEC
Geneaid’s DNA purification kit (UK) is a supplement to the 
DNA extraction .

Identification of Uropathogenic E. coli Genes
Table 1 lists the primer sequences for uropathogenic  
E. coli genes with amplicon sizes of base pair (bp) and their 
conditions (1).

Human Alpha-2-Macroglobulin (α2M) 
Quantification Using an (ELISA) kit
This kit includes a pre-coated microplate with an anti- 2M 
antibody. A biotin-conjugated antibody specific for 2M is 
applied to the relevant microplate wells with standards or 

samples. Following that, Avidin-Horseradish Peroxidase is 
incubated in each microplate well (HRP). Only the wells 
containing 2M, biotin-conjugated antibody, and enzyme-con-
jugated Avidin will change color after adding the TMB substrate 
solution. After the injection of sulphuric acid solution finishes 
the enzyme-substrate reaction, the color change is detected 
spectrophotometrically at a wavelength of 450nm 10nm. By 
comparing the O.D. of the samples to the standard curve, the 
concentration of a2M in the samples can be calculated.

Test for Procalcitonin
The level of procalcitonin in the blood is measured by a 
procalcitonin test. A high level may indicate a dangerous 
bacterial illness like sepsis. The body’s extreme response to 
infection is known as sepsis. When an infection in one part 
of the body, such as the skin or the urinary system, travels to 
the bloodstream, sepsis develops. This sets out a powerful 
immunological response. It can induce symptoms such as 
a racing heart, shortness of breath, low blood pressure, and 
others. Sepsis can cause organ failure or even death if not 

Table 1: Primer sequences for uropathogenic E. coli with amplicon size (bp) and their condition

Genes Primer sequence Size (bp)
Polymerase chain reaction 
condition Reference

chuA F: GCTACCGCGATAACTGTCAT

R: TGGAGAACCGTTCCACTCTA

221 Denaturation 95 ºC for 2 min.

Annealing 57.2ºC for 30 sec, 

Extension 72ºC, 30.0 sec.

(29) cycle .

Brons et al., (2020)

uidA F: CGCCGATGCAGATATTCGTA

R: CTGCCAGTTCAGTTCTTGT

259 Denaturation 95 ºC for 2 min.

Annealing 57.6ºC for 30 sec, 

Extension 72ºC, 30.0 sec.

(29) cycle.

Step 5: Repeat steps 2-4 14 
more times

Denaturation 95ºC, 30 sec.

Annealing 50.6ºC, 30 sec.

Extension 72ºC, 30.0 sec.

Step 9: Repeat steps 6-8 

19 more times

Brons et al., (2020)

Figure 1: Typical Standard Curve for a2M, Human ELISA
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treated quickly. In the early stages of sepsis or another major 
bacterial infection, a procalcitonin test can help the health 
care practitioner decide if patients have sepsis or another 
serious bacterial infection. This may aid in quick treatment 
and the avoidance of life-threatening consequences (Flores 
& Quirós, 2001).

results and dIscussIon

In current study (75 ) blood sample from patient with pyelone-
phritis  were collected and clinical private during a period of 
three months from march 2020 to May 2020, In this study, 
Alpha-2-Macroglobulin was estimated in patients suffering 
from pyelonephritis and positive culture of UPEC by using 
Alpha-2-Macroglobulin Enzyme-linked Immunosorbent 
Assay Kit, the results showed that, there were significant 
difference between study groups (patient’s positive culture 
of UPEC and control group). As demonstrated in Table 
2, the mean differences in Alpha-2-Macroglobulin were 
significantly higher in patients with positive UPEC cultures 
compared to the control group.

These findings matched Masajes-findings. Zagajewska  et 
al., (2017); Kuusela et al., (2017) who observed that the 
biomarker Alpha-2-Macroglobulin was elevated in pyelone-
phritis patients. Biological indicators (biomarkers) may be 
used to detect urinary tract infections (UTIs) and to determine 
the severity of infection (Wu et al., 2018). “ According 
to the definition of a biomarker, “a trait that is reliably 
examined and assessed as an indicator of normal biological 
processes, pathogenic processes, or pharmacologic reactions 
to a therapeutic intervention.” (Salardini, 2019). Alpha 
2M may also cause a rise in viscosity, which could lead to 
more UTIs (Masajtis-Zagajewska et al., 2017). Increased 
amounts of α2M, on the other hand, may have a favorable 
effect by acting as a thrombin inhibitor (Hulshof et al., 2021). 
Although anti-thrombin III (AT III) plasma levels have been 
found to be lowered in pyelonephritis, because AT III, which 
has a molecular weight like albumin, is lost in the urine, 

overall anti thrombin activity is enhanced in individuals with 
pyelonephritis. Although in vitro studies have indicated that 
the action of a2M as a thrombin inhibitor appears to be of 
limited consequence in AT (III), this may not be the case for 
pathophysiological circumstances such as pyelonephritis 
(Manook et al., 2017).

In this study, Procalcitonin was estimated in patients suffering 
from pyelonephritis and positive culture of UPEC, the results 
showed that, there were significant difference between study 
groups (patient’s positive culture of UPEC and control 
group). As demonstrated in Table3, the mean differences in 
Procalcitonin were significantly higher in patients with a 
positive UPEC culture compared to the control group.

Procalcitonin (PCT) is a calcitonin propertied, it was a 
bacterial invasion indicator. It’s made by the C-cells of the 
thyroid gland in healthy people, and the monocyte-mac-
rophage system makes it follow a severe bacterial infection. 
A typical plasma PCT level in humans after the third day of 
life is less than 0.5 g/l. (Yu et al., 2021). The presence of PCT 
in the blood and a urinary tract infection were discovered. 
One study was of high quality, five were of average level, 
and the rest were of low quality (Hanai et al., 2021). The 
majority of investigations were undertaken in children, with 
the goal of distinguishing between acute pyelonephritis and 
lower UTI (Al Rushood & Amal, 2020; Krzemień et al., 
2021). PCT can be used as a marker of the severity of acute 
pyelonephritis, according to Vijayan et al., (2017). According 
to Yunus et al., (2018), mean PCT rose in direct proportion 
to the severity of renal involvement (P 0.001). Patients with 
reversible pyelonephritis had lower PCT levels at entry 
(mean 3.25 ng/ml). PCT was proven to be a good biomarker 
for diagnosing acute pyelonephritis at a rate of 93.7 percent 
by Uwaezuoke (2018). All samples were submitted to aerobic 
culturing on various media, and 62 (or 82.7 percent) of the 
total 75 samples exhibited positive bacterial culture. Other 13 
(17.3%) samples showed no growth, indicating the presence 
of microorganisms that are difficult to culture, for instance 

Table 2: Mean differences Alpha-2-Macroglobulin biomarker between study groups

Biomarker
Patients group

No. = 25

Control group

No. = 25
P valueMean ± S.D Mean ± S.D

Alpha-2-Macroglobulin (mg\ml) 316.62 ± 79.67 229.26 ± 56.59 <0.001*
*: significant difference ≤ 0.005.

Table.3: Procalcitonin biomarker mean differences between study groups

Biomarker
Patients group

No. = 25

Control group

No. = 25
P valueMean ± S.D Mean ± S.D

Procalcitonin (ng/ml) 4.06 ± 1.11 2.01 ± 0.41 <0.001*
*: significant difference ≤ 0.005.
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virus, fungus, and other agents, or It could be because the 
samples have different sizes and types. As shown in Table 
(2) 1. 25 (40.33 %) of the positive cultures cultured on EMB 
(selective media) were recognized as E. coli, whereas 37 
(59.67%) were associated to other species of bacteria.

These findings matched those of Principe et al., (2018), who 
discovered that E. coli accounted for about 45 percent of all 
clinically significant urinary isolates, and Elamary et al., 
(2020), who discovered that E. coli was the most common 
pathogen isolated from patients with UTIs in 61 percent of 
cases. E. coli was the most common uropathogen isolated 
from pyelonephritis patients, according to a study by Sheikh 
et al., (2019). UTIs, or urinary tract infections, are the most 
frequent bacterial infection today (Kaufman et al., 2019), E. 
coli is the most frequent bacteria that causes these infections, 
accounting for more than 85 percent of all urinary tract 
infections (Jena et al., 2017). Uropathogenic Escherichia coli 
(UPEC) is the causal agent in most urinary tract infections 
(UTIs), including cystitis and pyelonephritis, as well as 
infectious complications that can lead to acute renal failure 
in both healthy people and people who have had a kidney 
transplant. To penetrate the mucosal barrier’s inertia, UPEC 
expresses a slew of virulence factors (Karam Alla, 2018). 
When UPEC infects the typically sterile urinary tract, the 
host’s inflammatory response is triggered, resulting in the 
generation of cytokines, neutrophil influx, and exfoliation of 
infected bladder epithelial cells (Kudinha, 2017).

In this study, all E. coli isolates from urine samples were 
subjected to molecular detection of specific uropathogenic  
E. coli genes. The results revealed that all 25 (100%) E. coli 
isolates tested positive for the chuA gene due to the presence 
of (221) bp bands when compared to an allelic ladder, as 
shown in Figure 2 . In addition, all 25 isolates previously 
identified as E. coli were subjected to a molecular analysis 
of the uidA gene. This gene can be identified using the 
polymerase chain reaction, which is a sensitive and specific 

Tabl.4: Shows the prevalence of E. coli and other etiological agents in samples isolated 

No. of samples
Positive result of other 
bacteria

Negative result of 
bacteria culture

Positive culture of  
E. coli Other types of bacteria

75 62(82.7%) 13(17.3%) 25(40.33%) 37(59.67%)
Total 75 62

approach. When tested to an allelic ladder, all 25 (100%)  
E. coli isolates had positive results for the uidA gene due to 
the presence of (259) bp bands, as shown in Figure 3.

yrbH, chuA, and uidA were uropathogenic E. coli specific 
genes, according to Brons et al., (2020), who discovered that 
three genes (perhaps implicated in the ecology of virulence) 
satisfied the criteria to operate as targets in the detection 
system. The chuA gene produces an outer membrane 
receptor protein that may aid in the absorption of heme and 
other chemicals. This gene is found in the heme transport 
(perhaps importing iron) genetic locus, which appears to 
be broadly distributed among pathogenic E. coli strains. 
(Richard et al., 2019). The ChuA gene, which has numerous 
biofilm-like features, appears to be critical during the creation 
of intracellular bacterial communities by UPECs (Matinfar 
et al., 2021). These intracellular biofilms allow a reservoir 
of dormant pathogen cells to grow inside bladder epithelial 
cells, allowing them to withstand the immunological 
response of the host. Given its projected role in the bladder 
during urinary tract infections, the use of ChuA in a detection 
system is thus reasonable (Brons et al., 2020). The E. coli 
unique beta-D-glucuronidase-encoding gene iUdA was 
used as an internal amplification control. This gene, which 
produces an E. coli-specific enzyme, is commonly employed 
in E. coli identification tests and as a particular marker (Kiel 
et al., 2018). It was detected in 97.7% of clinical samples, 
with the gene uidA being found in all of them (Brons et al., 
2020). UidA is used as an E. coli marker all over the world, 
according to this study. The presence of a UPEC may be 
determined by detecting any one of the three marker genes, 
according to our multi-gene identification method.

conclusIon

Alpha-2-Macroglobulin and procalcitonin were a potential 
biomarker that can help in diagnosis in pyelonephritis. 
Uropathogenic E. coli was predominant bacterial infection 

Figure 2 : Electrophoresis pattern of PCR amplified of chuA gene  
221 bp of E. coli ,Agarose (1.5%) time 55 min ,70 volt, M: ladder,  

1-10 amplify of chuA gene in E. coli isolates.

Figure 3: PCR amplification of the uidA gene 259 bp of  
(E. coli) for (55 min) at (70 volt), M: ladder (DNA marker), samples  

(1- 10) amplify the uidA gene in E. coli isolates on  
an agarose gel electrophoresis (1.5 percent).
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