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Abstract. Pathogenic bacteria are still considered the most global problematic issue, and
they have a significant impact on human health, particularly the Enterobacteriaceae
bacteria. This study aimed to investigate the frequency of the pathogenic bacteria and the
related risk factors among patients in Duhok, Iraq. A total of 700 samples (281 from males
and 419 from females) from Duhok Teaching Hospital were recruited and analysed. All
samples were routinely cultured and identified based on their cultural and biochemical
characteristics. Furthermore, the diagnosis was confirmed by using the Vitek2 system. The
results showed that the highest rate was for Staphylococcus aureus (31%), and the lowest
rate was for Candida albicans (4.4%). The other infections varied in their rates and
included 27.7% E. coli, 9.4% Klebsiella pneumonia, 6.1% Acinetobacter pneumonia, 6%
Streptococcus spp., 5.4% Enterobacter spp., 5.1% Pseudomonas aeruginosa and 4.7%
Proteus mirabilis. Furthermore, the bacteria were mostly recovered from urine (67.1%)
and swab (19.6%) specimens. The infection rate was higher in females (58.3%) than males
(41.7%). This study suggested that the incidence of pathogenic bacteria is high in Duhok,
Iraq. However, it was comparable to the global bacterial pattern with the domination of S.
aureus and E. coli.
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1 Introduction

Epidemiological studies screen diseases to determine the change of health in humans and
animal populations. These studies mainly include collecting the data and transmitting this data
to process and distribution [1]. Regarding bacterial infections, gram-negative bacteria are the
most global problematic issue because of their high resistance to antimicrobial treatment. These
bacteria have a significant impact on human health and are linked with high morbidity and case
fatality within infected patients [2]. Infectious disease is the leading cause of death worldwide,
and the diagnosis of infections is increasingly challenging in the clinical setting.
Enterobacteriaceae present the most significant bacterial population that is clinically isolated
among other gram-negative bacteria such as Acinetobacter and Pseudomonas [3]. Within the
family of Enterobacteriaceae, Enterobacter spp. have been known as an important organism as
these bacteria have increasingly resisted antibiotic treatment [4, 5] and commonly cause
hospital-acquired pneumonia [6]. Escherichia coli (E. coli) that belongs to the
Enterobacteriaceae family exposes a significant global public health problem, and it is a widely
investigated bacteria and linked with many infections with a high ability to resist antimicrobial
treatment [7]. P. aeruginosa is shown to be connected with high morbidity and patient deaths.
Also, these bacteria have the massive ability to resist different anti-microbial treatments and are
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the most common bacteria among patients [8, 9]. Staphylococcus aureus, in particular, the
methicillin-resistant Staphylococcus aureus (MRSA) strain was found to be responsible for
many human and animal diseases [10, 11] as well as Streptococcus pneumonia that causes
pneumonia, bacteremia, meningitis, otitis media, and sepsis [12]. Identifying the distribution
and the risk factors of pathogens in every geographic locale is very important to understand the
nature of the disease and to investigate the effective eradication program of the pathogens in
humans. Studies showed that environmental factors such as geographic location, seasonal
changes, and host played a role in the distribution of the pathogens [1, 2]. Additionally, data
showed significant seasonal differences in bacterial species worldwide [3]. In Duhok, Irag, little
data is available regarding the distribution and nature of pathogenic bacteria. Thus, this study
aimed to study the epidemiology of pathogenic bacteria among patient populations in Duhok,
Irag, and to investigate the significant effects of some factors on the distribution of these
pathogens.

2 Materials and Methods

The current study was carried out at Duhok Teaching Hospital, Dohok, Irag. A total of 700
positive infected cases were analysed, 201 males and 419 females (the infected cases were
identified by a specialist consultant and were sent to the laboratory for diagnosis to confirm the
suspected disease). All collected samples were routinely cultured using blood and MacConkey
agar, then incubated under the aerobic condition at 37 C for 24 hours or for seven days (when
found sterile upon the second culture). The cultures were declared contrary after seven days of
incubation. Isolation and identification of the isolates were performed following their cultural
characteristics, morphology, bacterial stain (Gram's, Zeihl stain, and sputum stain) and
biochemical properties. The identification was confirmed by using the Vitek2 system
(bioMerieux, France) [13, 14].

2.1 Statistical analysis

GraphPad prism 8. and SPSS software was utilized for statistical analysis.

3 Results

Different pathogenic isolates were detected, isolated, and identified. Among 700 patients in this
study, the pathogenic isolates were gram-positive and gram-negative in addition to Candida
albicans as fallow: Enterobacter spp. 38 cases, 5.4%, Acinetobacter pneumonia 43 cases, 6.1%.
E. coli 194 cases, 27.7%, Staphylococcus aureus 217 cases, 31%, Klebsiella pneumonia 66
cases, 9.4%, Streptococcus spp. Forty-two cases, 6%, Pseudomonas aeruginosa 36 cases, 5.1%,
Proteus mirabilis 33 cases, 4.7%, and Candida albicans 31 cases, 4.4% (Figure 1). The highest
frequency of isolated bacteria from infected patients was S. aureus and E. coli, and they
presented more than half of the total isolated pathogen.
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Figure 1. Frequency of isolates pathogens. These pathogens were isolated from patients that were referred
to the hospital lab to confirm the clinical diagnosis. The samples were collected under the sterile condition
and plated using suitable media, then identified (as mentioned in materials and methods). The data was
analysed using SPSS and GraphPad prism 8.

This study also demonstrated the type and site of samples collected in which the bacteria were
isolated. The data showed the bacteria were mostly recovered from urine and swab specimens
(67.1% and 19.6% respectively), (Figure 2). Furthermore, the percentage of isolated bacteria
was highest in females compared with males (58.3 and 41.7, respectively) (Figure 3).
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Figure 2. Frequency of pathogens distributed according to the collected specimens. Samples were
collected from different sites for each patient to identify the localisation of infected pathogens. The sterile
condition was involved in all collected samples and methods. The data were analysed using SPSS and

GraphPad prism 8.
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Figure 3: Frequency of confirmed isolates distributed according to gender. The total confirmed isolates
distributed depending on the gender of patients admitted to the hospital. The data was analysed using SPSS

and GraphPad prism 8.



The results of the frequency of isolated bacteria distributed among the time of year showed a
noticeable increase in the rate of isolates in February and August and October (9.9%, 11.6%,
and 11.1%, respectively).
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Figure 4. Frequency of confirmed isolates distributed according to the time of the year. The
data were analysed using SPSS and GraphPad prism 8.

4 Discussion

Disease screening has been increasingly important to study disease distribution and support
disease control in both humans and animals [4]. Bacterial infections are widely distributed and
pose a human threat [5]. The most significant percentage of isolated bacteria from clinical
samples / Dohok hospital was S. aureus, with 31% of total isolated pathogens. It seems to be
the main isolated Gram-positive bacteria that cause human infections and is responsible for
many human and animal diseases, in particular, the methicillin-resistant strain (MRSA) [6-8].
A study carried out at the same province to estimate the colonisation of S. aureus, and 18.4% of
S. aureus showed to be colonised among secondary school students on Duhok city, and 2% of
isolated bacteria showed resistance to Methicillin (MRSA strain) [9]. However, the prevalence
of MRSA strain was revealed to be higher in healthcare workers in the same region [10]. As the
results showed that S. aureus had the highest occurrence among other bacterial isolates, and
further study might be needed to isolate the MRSA strains within these isolated bacteria.
Regarding S. pyogenes, about 92% was recovered from blood, while about 8% were isolated
from CSF, peritoneal fluid, synovial fluid, and pleural fluid [11]. Although S. pyogenes can be
isolated from the bloodstream in most patients, the mechanisms used by invasive strains of S.
pyogenes to disseminate from the primary site of infection are still unclear [12]. Another gram-
positive bacteria, Streptococcus pneumonia, showed about 6% of isolated bacteria. This
pathogen is responsible for many types of infections, such as pneumonia, bacteremia,
meningitis, otitis media, and sepsis [13].



Enterobacteriaceae was the highest distributed bacteria and presented the most significant
bacterial population that clinically isolated, among other Gram-negative bacteria, with more
than 50% from isolated pathogens. Enterobacteriaceae appears to be the most gram-negative
bacteria with a significant distribution [14], and the incidence of infection has recently increased
[15]. Enterobacteriaceae are involved in about 80% of the gram-negative bacteria responsible
for urinary tract infections, sepsis, meningitis, diarrhoea, and other infections [5]. Within the
Enterobacteriaceae, the E. coli was isolated from about 30% of clinical samples that were
analysed on the current study. E. coli is a significant global public health problem, and it is a
widely investigated bacteria and linked with many infections with a high ability to resist
antimicrobial treatment [16-18]. The top dominate of E. coli among the Enterobacteriaceae may
be due to their high genotypical diversity [19].Within the family of Enterobacteriaceae,
Enterobacter spp. had been known as an important organism; these bacteria have increasingly
resisted antibiotics treatment [15] and commonly cause hospital-acquired pneumonia [20]. P.
aeruginosa was also shown to be connected with high morbidity and patients deaths therefore
the bacteria is a global threat and needs complicated treatment. This pathogen can resist anti-
microbial treatments and is the common infected bacteria among patients [21, 22]. The high
prevalence of P. aeruginosa in this region could be attributed to the fact that a high antibiotic
resistance rate of P. aeruginosa to the first line anti-pseudomonal drugs was observed in a
previous study achieved in Duhok [23].

The current results revealed that the highest rate of pathogenic bacteria was observed in August,
followed by October. This was comparable to various studies that showed seasonal changes in
the microbial communities during different times of the year. In one study, there are significant
differences in microbial composition during different seasons, with pronounced differences in
summer and winter [24]. Furthermore, other reviews established that microbial activity was
higher in the summer compared to winter [25]. Different factors play a role in the transmission
and distribution of the microorganism in different seasons. These factors include, for example,
the temperature and humidity conditions, rain, winds [24].

The percentage of pathogenic bacteria was more abundant in the female population than males.
This result was in agreement with various studies indicating that women acquire bacteria in
higher proportions than men [18, 26]. There are different biological, behavioural, and social
factors making the women more likely than men to be infected with pathogens [27].

To conclude, the incidence of gram-positive S. aureus and the gram-negative bacteria the E. coli
infection in Duhok, Iraq, is high. There is seasonal variability in pathogen incidence with the
highest rates in August. Females were more susceptible to pathogenic bacteria in comparison to
males. Further investigation, a larger sample of the population, longer period with adequate
surveillance programs, and active screening are required to prevent, control, and to reduce the
incidence of the pathogenic bacteria.
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