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- ABSTRACT )

Background: Pyelonephritis is a sever type of upper urinary tract infection (UTI) that impact
the renal parenchyma and pelvis. The common causative factor is migration of the bacterial
infections from the lower urinary tract. Gram-negative bacteria are involved in higher
incidences of infection in acute and chronic pyelonephritis cases than are Gram-positive
bacteria. Therefore, the entire study was aimed at determining the type of bacterial pathogens
responsible for causing the incidence of pyelonephritis. The urine samples were collected
from patients clinically diagnosed to have pyelonephritis at Al-Sadder Teaching Hospital. Of
the 60 cases, urine samples showing significant bacterial growth were taken and cultured
using standard microbiological procedures. Identification of bacterial isolates was done by
physical performance, biochemical tests, and the Viteck2 system. It was shown that Gram-
negative bacteria, most commonly Escherichia coli (20.0%), cause pyelonephritis. Other
Gram-negative bacteria include Klebsiella pneumonia, Proteus mirabilis, Pseudomonas
aeruginosa, and Enterobacter cloacae. On the other side, Staphylococcus saprophyticus is
the ultimate Gram-positive pathogen (11.7%), which is then followed by Staphylococcus
aureus, Streptococcus agalactiae, Enterococcus faecalis, and finally Staphylococcus
epidermidis. Conclusion: This study demonstrated that pyelonephritis can be caused by both
Gram-positive and Gram-negative bacteria; however, Gram-negative organisms, particularly
E. coli, were found to be more prevalent than Gram-positive bacteria such as S.
saprophyticus.
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INTRODUCTION

Urinary Tract Infections(UTIs) are among
the most common bacterial infections, affecting
individuals of all ages and genders, but showed
they are more prevalent in femalestt,
Pyelonephritis, a type of upper UTI, occurs
when the bacterial infection ascends to
thekidneys. It is typically caused by E. coli, it
is a Gram-negative bacteria also by Gram-
positive bacteria but at less incidence than
Gram-negative bacteria.

May have systemic symptoms like fever,
flank pain, chills, and nausea. If left untreated,
pyelonephritis may lead to kidney damage and
sepsis?. Common bacteria cause UTIs and
pyelonephritis are: Escherichia coli bacteria

belong to the family Enterobacteriaceae,
which includes optional anaerobic Gram-
negative bacterial®. Klebsiella pneumonia
which is Gram-negative bacteria and member
of the  Enterobacteriaceae  family!l.
Pseudomonas aeruginosa are non-spore
forming can be found in water, plants, soil, and
on the skin of humans and animals. They can
also be found in the form of single bacillit.
Enterobacter cloacae is facultatively anaerobic
Gram-negative, rod-shaped, catalase-positive,
lactose fermenting, oxidase-negativel®l. Proteus
mirabilis is a Gram-negative bacterium, it is a
frequent pathogen of the human urinary system
where it causes UTIs and catheter-associated
urinary tract infections(CAUTIs)[",
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Staphylococcus aureus is one of the
opportunistic pathogens and these bacteria
colonize the skin and mucous tissues
asymptomaticallyf®,

Staphylococcus saprophyticus is common
cause of UTlIs, this non-hemolytic, coagulase-
negative bacterium can be distinguished from
other coagulase-negative staphylococci by its
resistance to novobiocin®l. Staphylococcus
epidermidis is a coagulase negative that is
frequently found in the normal flora of skin and
mucous membranel®®, Strptococcus agalactiae
also referred to as group B streptococcus
(GBS), is a Gram-positive cocci-shaped
bacterium that typically occurs in pairs or long
chains™. Enterococcus Faecalis is a Gram-
positive bacterium of the commensals it
inhabits as an intestinal bacterium from
humans and several mammals. It was classified
as a member of the Group D Streptococcus
system in the past!*2,

METHODS

1. Clinical

collection:

A total of 60 urine samples would be
collected from patients presenting with signs
and symptoms of ascending pyelonephritis
during the period running from September
2024 to January 2025 at Al-Sadder Teaching
Hospital. The clinical diagnosis was based on
symptoms such as fever, flank pain, dysuria,
and urinary frequency, in addition to
supportive laboratory findings such as elevated
white blood cell (WBC) count, positive
leukocyte esterase, and nitrite tests in
urinalysis. In  selected cases, imaging
techniques (e.g., Ultrasound or CT scan) were
used to confirm renal involvement. However,
imaging was not available for all patients as the
diagnosis was made solely by the attending
physician, and we could not obtain imaging
results for those cases.

The patients' age ranged from 13 to 70 years.
An equal distribution by sex was observed,
with 30 females (50%) and 30 males (50%)

Diagnosis and samples

suffering from urinary tract infections
complicated by pyelonephritis.

2. Bacterial isolation:

All laboratory procedures involving

pathogenic bacteria were conducted under

Biosafety Level 2 (BSL-2) conditions.

Standard precautions were followed,

including the use of personal protective

equipment (PPE), work inside biological
safety cabinets, sterilization of materials,
and proper disposal of biohazardous waste.

Isolation and identification of bacteria

were achieved by inoculated on Blood agar,
MacConkey agar and HiCrome UTI agar at
incubation temperature (35-37°C) and
duration (24-48 hours). After showed
bacterial growth on culture media were
described based on their physical
characteristics, a clear threshold for
significant bacterial growth should be
defined, such as >10* colony-forming units
per milliliter (CFU/ml), to standardize the
criteria for sample positivity and ensure
consistency across the study, size, margin,
color, and odor of the colonies can provide
additional information about the type
bacteria present.

3. Bacterial Identification:

After isolation, bacteria were identified
using Gram staining and biochemical tests
(e.g., coagulase, catalase, oxidase, indole, and
urease tests). Additional identification was
performed using the Vitek2 system
(BioMérieux), a widely accepted automated
techniqgue for microbial identification and
antibiotic susceptibility testing.

The procedure of Vitek2 system begins by
preparing a standardized bacterial suspension
from isolated colonies, adjusted to a McFarland
turbidity of approximately 0.5.

The suspension is then transferred into a
VITEK?2 identification (ID) card, which
contains multiple biochemical substrates. The
card is sealed and automatically loaded into the
VITEK2 instrument, where the organism’s
metabolic reactions are monitored over time
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(typically 6-18 hours) through colorimetric and
fluorometric changes.

The resulting data are analyzed by the
system’s database, and the organism is
identified based on its biochemical profile.
Results are displayed as percentage probability
and  confidence levels for  accurate
identification. The system follows
manufacturer protocols and complies with
Clinical and Laboratory Standards Institute
(CLSI) guidelines. Selective and differential
media were used as necessary to support
accurate classification.  Reference bacterial
strains like, Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 29213 were
used to ensure the accuracy of laboratory tests.

All procedures were performed according to
the  manufacturer's instructions and in
compliance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines to
guarantee the quality of the results.
RESULTS

There were 60 pyelonephritis patients, 40
(66.7%) exhibited the Gram-negative bacteria
were more common 41 (68.3%) in
pyelonephritis patients than the Gram-positive
19 (31.7%) cases. The Gram-negative was
more common in chronic pyelonephritis 24
(80%) than acute cases 17 (56.7%). Whereas,
the Gram-positive was more common in acute
pyelonephritis 13 (43.3%) cases than chronic 6
(20%) cases.

Table (1): Type of bacterial gram stain according to type of pyelonephritis.

Bacteria gram Acute Chronic Total P-value
stain pyelonephritis pyelonephritis
no. (%) no. (%)
Gram-Positive 13 (21.7%) 6 (10%) 19 (31.7%) 0.095
Gram-Negative 17 (28.3%) 24 (40%) 41 (68.3%)

A total of 60 bacterial isolates were classified based on Gram stain characteristics. Of these,
Gram-negative bacteria predominated, accounting for 41 isolates (68.3%), while Gram-positive
bacteria were identified in 19 cases (31.7%). In cases of acute pyelonephritis, Gram-negative bacteria
were more frequently isolated (17 cases; 28.3%), compared to 13 cases (21.7%) of Gram-positive
bacteria. Conversely, in chronic pyelonephritis, Gram-negative bacteria were identified in 24 cases
(40%), whereas only 6 cases (10%) involved Gram-positive bacteria. Although the overall distribution
showed a higher prevalence of Gram-negative organisms in both acute and chronic forms, the
statistical comparison between Gram stain type and disease chronicity yielded a p-value of 0.095,
which does not reach statistical significance (p > 0.05), but may suggest a trend worth investigating in

larger samples.

Table (2): Distribution the types of bacteria that caused pyelonephritis.

Type of Bacteria Acute pyelonephritis Chronic Total
n.(%) pyelonephritis
n.(%)

E. coli 5 (8.3%) 7 (11.7%) 12 (20.0%)
P. mirabilis 2 (3.3%) 4 (6.6%) 6 (10.0%)
P. aeruginosa 3 (5.0%) 6 (10.0%) 9 (15.0%)
K. pneumonia 2 (3.3%) 8 (13.4%) 10 (16.7%)
E. cloacae 1 (1.7%) 3 (5.0%) 4 (6.7%)
E. faecalis 2 (3.3%) 1 (1.7%) 3 (5.0%)
S. saprophyticus 4 (6.7%) 3 (5.0%) 7 (11.7%)
S. aureus 2 (3.3%) 3 (5.0%) 5 (8.3%)
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Type of Bacteria Acute pyelonephritis Chronic Total
n.(%) pyelonephritis
n.(%)
S. epidermidis 0 (0.0%) 1 (1.7%) 1 (1.7%)
S. agalactiae 1 (1.7%) 2 (3.3%) 3 (5.0%)

Chi-Square test used at significant level <0.05.

A total of 60 urine samples were collected from patients with clinical signs of pyelonephritis. Bacterial
culture and identification revealed 10 distinct species. The findings showed a total of 10 bacterial species
involved in pyelonephritis. Gram-negative bacteria accounted for 68.3% of the total isolates (41/60). E. coli was
the most prevalent, with 12 isolates (20.0%), including 5(8.3%) from acute and 7(11.7%) from chronic
infections. P. mirabilis was identified in 6 cases (10.0%) with 2(3.3%) from acute and 4(6.6%) from chronic
infections. P. aeruginosa in 9(15.0%), including 3(5.0%) from acute and 6(10.0%) from chronic infections. K.
pneumoniae in 10(16.7%) with 2(3.3%) from acute and 8(13.4%) from chronic infections , and E. cloacae in
4(6.7%) with 1(1.7%) from acute and 3(5.0%) from chronic infections. E. faecalis had 3 isolates (5.0%) with
2(3.3%) from acute and 1(1.7%) from chronic infections. S. aureus represented 5 isolates (8.3%) ,split into
2(3.3%) for acute and 3(5.0%) for chronic infections. S. saprophyticus had 7 isolates (11.7%), 4(6.7%) from
acute and 3(5.0%) from chronic infections. S. epidermidis had 1(1.7%) isolated from chronic infection only
while no bacteria isolate were recorded in the case of acute infection. S. agalactiae had 3 isolates (5.0%) , with
2(3.3%) from acute and 1(1.7%) from chronic infections.

Table (3): Distribution the type of Gram stain according to sex.

Sex Gram-positive Gram-negative Total P-value
bacteria bacteria
no.(%) no.(%)
Male 9 (15%) 21(35%) 30(50%) 1.00
Female 10(16.7%) 20(33.3%) 30(50%)
Total 19(31.7%) 41(68.3%) 60(100%)

Chi-Square test used at significant level <0.05.

In this study showed that the number of Gram-negative bacteria in male 21(35%) was more than
female 20(33.3%) at a simple percentage also that the Gram-positive in female 10(16.7%) was more
than male 9 (15%) at a simple percentage. It was showed that the Gram-negative bacteria more
common in both gender 41(68.3%) that suffering from ascending pyelonephritis than Gram-positive
bacteria 19(31.7%). But, there is no statistically significant difference between Gram-positive and

Gram-negative bacterial infections by sex (p = 1.0). The lack of significant difference may be related

to the
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Figure (1): The growth of E. coli on  Figure (3) The growth of P.aeruginosa on
MacConkey agar. Scale bar=10mm. blood agar. Scale bar=10mm.

The growth showed moist, smooth, rounded  The growth showed grayish, flat colonies with
colonies and it is pink to red due to lactose a metallic sheen, it has fruity- like odor.

fermentation.

Figure (4): The growth of S. saprophyticus
Figure (2): The growth of K. pneumonia on on blood agar. Scale bar=10mm.
MacConkey agar. Scale bar=10mm.
The colonies are large, dome-shaped, and very The colonies showed non-hemolytic ,white to
mucoid. It appear very sticky and shiny due to  slightly yellow, circular and convex.

capsule production.
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DISCUSSION

Studies suggest that bacterial isolates are

more frequently associated with chronic
pyelonephritis than with acute cases. However,
the p-value indicated a non-significant
difference, which may be attributed to the
relatively small sample size (n = 60). A larger
sample size (e.g., >200) may yield more
statistically robust and accurate results.
The high prevalence of Gram-negative bacteria
in pyelonephritis can be attributed to several
factors. Firstly, Gram-negative bacteria have a
unique cell wall structure that makes them
more resistant to antibiotics and able to survive
in hard environments*®l, When these bacteria
enter the wurinary tract, they can cause
infections, particularly in cases of UTlIs, where
they can ascend from the bladder or vagina into
the kidney*4l.

The most prevalent microorganisms
is E. coli (20%) in patients with pyelonephritis.
According to the study done in 2019, the most
common cause of UTI and pyelonephritis is E.
colit*®l,

This study revealed that K. pneumoniae
was the second most common bacterial which
represent (16.7%). Its ability to form biofilms
and resist antibiotics suggests a possible role in
persistent or hospital-acquired infections.
Biofilm formation is important in persistence
and antibiotic resistance, allowing the pathogen
to evade host immune responses and establish
long-term infections. K. pneumoniae further
has virulence factors

including capsule

polysaccharides and siderophores, which
enhance its survival and establishment of
chronic inflammation in the urinary tract!*l,
P.aeruginosa total of 9 isolates (15.0%). P.
aeruginosa is a Gram-negative bacterium
commonly associated with hospital-acquired
infections. This microorganism has high
efficiency in forming biofilms on medical
devices; for example, urinary catheters and
implicated in the persistent infections and
chronic inflammation. In the urinary tract, P.
aeruginosa can ascend from the lower to the
upper tract, leading to pyelonephritisi*’l. The
study identified P.mirabilis with 6 isolates
from urine samples of patients (10.0%), in
urinary tract this bacteria adherence to
uroepithelium to begin infection and
colonization®l,

The E. cloacae (6.7%) were found in urine

samples collected from patients suffering of
pyelonephritis; a study agreeing to such a claim
has shown that it can cause pyelonephritist®l,
S. saprophyticus turns out to be the most
common Gram-positive bacterium accounting
for 11.7% found in the urine of pyelonephritis
patients. The virulent factor of this bacteria and
biofilm formation capability supports its
pathogenicity and persistence in the urinary
tract[20],

The study found that S. aureus isolates were
present in urine samples (8.3%), it is highly
prevalent in hospital environments and the high
antibiotic resistance found in some strains!?%,

S. epidermidis was found in urine sample
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(1.7%) from chronic pyelonephritis cases, it is
an infrequent cause of catheter-associated
urinary tract infections and is rarely associated
with pyelonephritis??l. In this study, E. faecalis
was found in a total of 3 isolates (5.0%). It also
has enterococcal polysaccharide antigen for
immune evasion and also enzymes that
facilitate the infection[?,

Our study found that S. agalactiae resulted
in 3 isolates (5.0%) it have various virulence
factors, including CovR, HvgA, and the
bacterial capsule. These factors contribute to
the bacterium's ability to cause infection and
evade the host's immune system4. This study
also showed It was showed that the Gram-
negative bacteria more common in both gender
41(68.3%) that suffering from ascending
pyelonephritis than Gram-positive bacteria
19(31.7%). This agreed with the study done in
Medina, Saudi Arabia showed the bacterial
pathogens of Gram-negative bacteria were the
most common, while Gram-positive bacteria
accounted for a smaller proportion?,
However, in this study there is no statistically
significant difference between Gram-positive
and Gram-negative bacterial infections by sex
(p = 1.0) may be related to the equal

distribution of male and female participants in

the study.
CONCLUSION
The study demonstrated that

pyelonephritis can be caused by both Gram-

positive and Gram-negative bacteria; however,

Gram-negative bacteria were found to be more
prevalent than Gram-positive ones.

It is recommended to investigate the potential
vaccine (like; targeting UPEC vaccine) to
prevent pyelonephritis, and isolation of bacteria
by bacterial DNA directly from urine or kidney
tissue without need for using culture, like next

generation sequencing (NGS) techniques.
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primary focus was on identifying the bacterial
species responsible for pyelonephritis rather

than evaluating their resistance profiles.
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Third,

primarily on

bacterial  identification  relied
the Vitek2 system without
molecular confirmation methods such as PCR
or sequencing, which could have enhanced
diagnostic

accuracy, especially for less

common or closely related species.
Additionally, identification was supported by
standard biochemical

Gram staining and

tests—such as catalase, coagulase, and
oxidase—along with the use of reference
strains like Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 29213 to ensure

quality control and method validation.
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