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Abstract __________________________________________________________________________________________________ 

Introduction. Iraq is an area endemic for cutaneous leishmaniasis. It is caused by a 
protozoan parasite that leaves lifelong scars, but it is not fatal and is considered a neglected 
disease that spreads under various environmental conditions. Iraq is endemic for 
cutaneous leishmaniasis. A field study was conducted to shed light on the epidemiology 
of leishmaniasis in Thi-Qar Province and its districts.
Purpose. The current study aimed to determine the epidemiology of leishmaniasis in Thi-
Qar Province and its districts.
Materials and methods. This study included four health centers: Nasiriyah Teaching 
Hospital, Shatra General Hospital, Rifa’i General Hospital, and Jubayish General Hospital, 
during the period from the beginning of October 2024 to the end of July 2025. It included 
different age groups from 1 to 59 years. The study results recorded 95 cases. After clinical 
diagnosis by a specialist physician, it was confirmed that it was cutaneous leishmaniasis 
and not another skin disease.
Results. The current study recorded that the infection rate among males was 55.9%, 
higher than in females 44.21%. Regarding age groups, the highest infection rate was in 
the under 10 years age group (27.4%). Infection rates reached 28.4% in Nasiriyah district. 
Based on residential status, the highest infection rate was in urban areas (60%). Regarding 
the number of lesions, the highest infection rate was 45.3% with a single lesion. As for 
the location of infection, the highest percentage was 48.1% in the upper extremities. The 
highest infection rate was recorded in January (37.9%), and the lowest in March (2.1%).
Conclusion. Cutaneous leishmaniasis is a significant health concern in Thi-Qar Province, 
primarily affecting males, children under ten, and urban populations. Nasiriyah district 
faces the highest disease burden. Most patients present with a single lesion on their 
upper extremities. Seasonally, infections peak sharply in January and cease by summer, 
emphasizing the urgent need for targeted public health disease control strategies.
Keywords: leishmaniasis, leishmania, protozoan, parasite, neglected diseases

_________________________________________________________________________________________________

	� INTRODUCTION
Leishmaniasis is considered a neglected disease by the World Health Organization, 

with more than one million cases reported annually [1]. It is a highly variable and 
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complex disease in terms of its etiology [2]. There are three types of leishmaniasis: visceral 
leishmaniasis, cutaneous leishmaniasis, and mucocutaneous leishmaniasis. Each type has 
its own endemic areas and specific signs and symptoms [3]. The parasite’s life cycle occurs 
within two hosts: a vertebrate host and an invertebrate host. The sand fly is the primary 
vector for the Leishmania parasite. This insect inhabits tropical regions and reproduces 
during the summer [4]. During the breeding season, the female feeds on blood, which is 
essential for egg development. She inserts her proboscis into the bodies of dogs, rodents, 
and humans, transmitting the Leishmania parasite in its amastigo stage. This stage 
transforms within her intestines into the infectious flagellated stage [5]. The parasite can 
then spread to other organs such as the liver and spleen, causing visceral leishmaniasis 
[6]. Alternatively, it can remain in the skin, causing cutaneous leishmaniasis. Symptoms 
begin as a lesion at the site of the sand fly bite, which ulcerates and may be accompanied 
by a secondary bacterial or viral infection [7]. This can leave lifelong scars, and recovery 
from the disease takes 3–18 months [8]. This disease has several names, such as Baghdad 
boil, Delhi boil, and Lesser Sister. (WHO 2010). This disease is often associated with a 
weakened immune system, malnutrition, and poor housing. (WHO 2022) Iraq is one of the 
countries where leishmaniasis is prevalent. The first case appeared in the capital, Baghdad 
[9]. Approximately 12,038 cases were recorded among children and rural areas in central 
and southern Iraq [10]. Recent studies recorded approximately 7,112 cases of infection 
in Iraq during the years 2011–2013 Al-warid et al. [11]. A study by Hassan [12] confirmed 
58 cases of infection in Erbil Province, while stated that infection is more prevalent in 
the southern regions than in the northern regions. During the period between 2017 and 
2018, the number of cases in Thi-Qar Province reached 225 [13]. In 2018 and 2019, the 
number of cases reached 247 [1, 14], confirmed 125 cases in Thi-Qar Province. The most 
important factors contributing to the spread of the disease are malnutrition, rural-to-
urban migration, socioeconomic conditions, and poor health conditions.

	� MATERIALS AND METHODS
An epidemiological study was conducted in Thi-Qar Province, southern Iraq, from the 

beginning of October 2023 to the end of July 2024. Ninety-five samples were collected 
from patients referred to Al-Hussein Teaching Hospital, Al-Shatra General Hospital, Suq Al-
Shuyukh General Hospital, and Al-Rifai General Hospital. The patients were of both sexes 
and ranged in age from 1 to 59 years. A data form was completed, including the following 
information (name, sex, age, occupation, type of area, location, number of lesions, and 
presence of animals). 

The samples were divided into three groups 
1.	 Group 1: 25 samples that underwent blood tests. 
2.	 Group 2: 25 samples from which skin swabs were taken. 
3.	 Group 3: control group, comprising 10 samples.

Statistical analysis
The data of the current study was statistically analysed by using SPSS version 26, based 

in using Chi-Square in p<0.05 [15, 16]. 



6 "Clinical infectology and parasitology", 2026, volume 15, № 2

Immunology and Genetics of Endemics and Infectious Diseases in Iraq

	� RESULTS
Distribution of CL infection by Sex
The highest infection rate was among males 53 cases, at a rate of 55.79%, while females 

were infected with 42 cases, at a rate of 44.21%. The highest percentage of infection was 
within the age group younger 10–19 years by 27.4%, while the lowest 4.2% was within 
the age group 50–59. The center of Nasiriyah district had the highest infection rate of 
28.4%, while the lowest percentage was 1% in Al-Akikah, Al-Tar and Al-Fadhliah districts. 
The highest percentage of urban casualties was 57, at a rate of 60%, while the number of 
injuries in rural areas was38, at a rate of 40% (Table 1).

Table 1
Distribution of CL in relation to the study variables

Sex No. %
Males 53 55.79
Females 42 44.21
p. value 0.230
Age Groups
≤10 21 22.11
10–19 26 27.37
20–29 12 12.63
30–39 13 13.68
40–49 19 20.00
50–59 4 4.21
p. value 0.001
Province Sector
Nasiriyah 27 28.42
Shatrah 11 11.58
Al Chbayish 2 2.11
Suq Al-Shuyoukh 7 7.37
Al-Rifai 2 2.11
Al-Gharraf 15 15.79
Al-Dawaya 4 4.21
Al-Batha 3 3.16
Al-Qalaa 5 5.26
Al-Islah 2 2.11
Sayed Dakhil 1 1.05
Al-Fadhliah 1 1.05
Al-Tar 1 1.05
Al-Akikah 1 1.05
Garmat Bani Saeed 2 2.11
Al-Nasr 2 2.11
Al-Fajr 2 2.11
Al-Fuhud 4 4.21
Ur 2 2.11
Al-Hmmar 1 1.05
p. value <0.001
Residence 
Urban 57 60.0
Rural 38 40.0
p. value 0.046



7 "Clinical infectology and parasitology", 2026, volume 15, № 2

Immunology and Genetics of Endemics and Infectious Diseases in Iraq

The highest percentage of those infected was 51, at a rate of 53.68%, while the lowest 
percentage was 9, at a rate of 9.47%. The highest percentage of those infected with one 
lesion was 45.3% with 43 infected, while the lowest percentage was 11.5% for more than 
three lesions, with 11 infected. The highest percentage 37.9% was recorded in January 
and the lowest infection rate was in April and May 1%, while July and June did not record 
any injuries (Table 2).

Table 2
Distribution of CL in relation to the disease variables

Location of Lesion No. %
Upper extremities 51 53.68
Lower extremities 17 17.89
The face 18 18.95
Rest of the body 9 9.47
p. value <0.001
Number of Lesions
One lesion 43 45.3 
Two lesions 21 22.1 
Three lesions 20 21.1 
More than three lesions 11 11.5 
p. value <0.001
Month
October 4 4.21
November 13 13.68
December 18 18.95
January 36 37.89
February 20 21.05
March 2 2.11
April 1 1.05
May 1 1.05
June 0 0.00
July 0 0.00
p. value <0.001

	� DISCUSSION 
The results of the current study showed that the infection rate among males was higher 

in females. This is attributed to social customs and traditions, where males enjoy greater 
freedom of movement and play in public places. Males are more exposed to the means of 
transmission due to these social customs and traditions, in addition to the larger exposed 
body surface area reflected in their clothing. This study is consistent with most previous 
studies, including Al-Yasiri [1] study, which found an infection rate of 60.8% among males 
and 39.2% among females, and OLEIWI et al. [17] study in Thi-Qar Province, which found 
an infection rate of 66.4% among males and 33.6% among females. It also agrees with Al-
Lami [18] study in Maysan Province, which found an infection rate of 52.26% among males 
and 47.74% among females. These results are consistent with a 2018 study by Younis in 
Baghdad, where the prevalence was 66.7% among males and 33.3% among females. They 
also align with a 2014 study by Al-Awadi [13], which found a prevalence of 64.3% among 
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males and 35.7% among females, as well as a 2016 study by Al-Hassani in Diwaniyah 
Province, which found a prevalence of 56.4% among males and 53.6% among females. 
The current study did not agree with Al-Dhafee’s 2013 study in Diwaniyah. As for age 
groups, the highest infection rate was recorded in the under-10 age group, and the lowest 
in the 50-59 age group. This may be attributed to their lack of awareness of insect bites, 
in addition to the weaker immune systems of children. Furthermore, adults may have 
abundant sebum on their faces, which acts as an insect repellent, unlike children who lack 
this secretion. Also, opening doors and windows and sleeping on rooftops due to frequent 
power outages, especially in the summer, leads to direct contact between carriers of the 
disease and people of all ages. The reason for the lower infection rate among the elderly is 
that their skin is characterized by wrinkles and dryness, making it less attractive to carriers, 
and because most of them have acquired immunity because of previous infections. The 
results of this study are consistent with those of Al-Yasiri [1], Al-Taee [19], and OLEIWI et al. 
[17] in Thi-Qar Province, 18 Al-Lami [18] in Maysan Province.

They also align with Al-Warid et al. [11] in Anbar Province. However, this study does 
not agree with Musa’s (2011) study in Baghdad, where the percentage of those affected 
ranged between 16 and 40 years old. 

The highest rate (28.4%) was recorded in Nasiriyah District, while the lowest rate 
(1%) was in the districts of Al-Akaika, Al-Tar, Al-Fadhiliya, and Sayyid Dakhil. These areas 
are considered breeding grounds for insects, and the poor state of municipal services, 
such as sewage and rainwater overflows and the accumulation of household waste near 
residential areas, may also be due to the lack of insecticide use and spraying on waste. This 
study is consistent with the findings of Al-Yasiri [1] and Al-Lami [18] in Maysan Province, 
Hamzavi et al. [20], and OLEIWI et al. [17] in Thi-Qar Province, and Abul-Doanej [21]. 

This study showed that the highest infection rate was recorded in January at 37.9%, 
while no infections were recorded in June and July. This difference may be attributed to 
the influence of climatic conditions, such as humidity and temperature, on the vector 
medium. Al-Yasiri [1] study showed that insects begin to appear during August and 
September, coinciding with increased human exposure. Al-Taee [19] study indicated 
that the disease appears in winter and spring and disappears during summer. This study 
consists of the studies by Tarish [22] and Al-Hassani [23] in Al-Diwaniyah Province, OLEIWI 
et al. [17] study in Thi-Qar Province, and Al-Lami [18] study in Maysan Province, but it is 
inconsistent with the studies by Seaad et al. [24] in Al-Diwaniyah Province.

The highest infection rate was observed in the upper extremities (48.1%), while the 
lowest rate was in the rest of the body (12.5%). This is because the infection is concentrated 
in exposed areas such as the arms, legs, and face, and less so in covered areas such as the 
back, abdomen, and sides of the body. This study consists of Al-Yasiri [1] study, Al-Awadi 
[13] study, OLEIWI et al. [17] study in Thi-Qar, Al-Lami [18] study in Maysan, and Younis [25] 
study in Baghdad. 

Regarding the number of lesions, the highest rate (45.3%) was observed with a single 
lesion, while the lowest rate (11.5%) was observed with more than three lesions. The 
reason for infection with a single lesion is that the female sandfly typically feeds on only 
one blood meal. The appearance of more than one lesion indicates that the person has 
been bitten more than once, either by multiple insect vectors or by rubbing the lesion 
to spread it to other areas. This study is consistent with Al-Yasiri [1] Al-Khayat et al. [26]. 
Researcher OLEIWI et al. [17] in Thi-Qar recorded an incidence rate of 55.47% for each 
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lesion, while it was 23.9% for two lesions. It also aligns with Al-Lami [18] study, where the 
incidence rate for a single lesion was 53.91%, and the incidence rate for more than three 
lesions was 11.11%. This is consistent with the results of Daham and Al-Alusi [27] study 
in Tikrit, Al-Khayat et al. [26] study in Erbil. However, this study is not consistent with Al-
Mafraji et al. [28] study in Baghdad, nor with Al-Nassiri and Al-Alousy [29] study in Salah 
alDin. Regarding the relationship between the disease and type of residence, the highest 
infection rate was among patients residing in urban areas, numbering 57 (60%), while the 
lowest infection rate was in rural areas, with 38 patients (40%). This may be attributed to 
the deterioration of municipal and health services, particularly the accumulation of waste, 
which serves as a breeding ground for leishmaniasis. Additionally, increased migration 
from rural to urban areas has led to urban sprawl, with residents settling in agricultural 
lands. This population density facilitates the transmission of the disease from infected 
individuals to healthy ones, contributing to the increased spread of the epidemic in cities. 
This study is consistent with the findings of Al-Lami [18] study in Maysan Province.

	� CONCLUSION
Cutaneous leishmaniasis is a significant health concern in Thi-Qar Province, primarily 

affecting males, children under ten, and urban populations. Nasiriyah district faces 
the highest disease burden. Most patients present with a single lesion on their upper 
extremities. Seasonally, infections peak sharply in January and cease by summer, 
emphasizing the urgent need for targeted public health disease control strategies.
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Abstract __________________________________________________________________________________________________ 

Introduction. Klebsiella pneumoniae is a nosocomial pathogen linked with multidrug 
resistance.
Purpose. This study aims to molecularly characterize plasmid-mediated carbapenem 
resistance in K. pneumoniae by detecting major carbapenemase genes (blaNDM, blaKPC, 
and blaIMP) and to compare phenotypic and molecular detection methods among clinical 
isolates sourced from medical centers in Thi-Qar, Iraq.
Materials and methods. A total of 300 specimens were collected. Identification of 
K.  pneumoniae, as well as antimicrobial susceptibility testing, was performed by ViTeK 
2 Compact; phenotypic detection was conducted by Rapidec Carba NP, after which the 
blaNDM, blaKPC, and blaIMP genes were detected by PCR.
Results. 130/300(43.3%) of K. pneumoniae isolates were identified. High resistance rates 
were observed against several antibiotics, particularly Ampicillin (73.846%), Ceftazidime 
(61.53%), Cefepime (57.69%), and Imipenem (43.08%). Rapidec Carba NP test revealed 
(41.54%) isolates that were carbapenem-producers. Molecular analysis revealed that the 
blaNDM gene was identified in (31.53%) of the isolates, the blaIMP gene (11.53%), and the 
blaKPC gene (0%). Notably, coexistence of two genes was detected in (4.6%) of isolates.
Conclusion. The outcomes from the use of the Rapidec Carba NP test showed a high level 
of agreement with molecular detection of the genes blaNDM and blaIMP, which proved 
the accuracy and sensitivity of the test.
Keywords: Klebsiella pneumoniae, carbapenem resistance, Rapidec Carba NP, blaIMP, 
blaNDM, blaKPC

_________________________________________________________________________________________________

	� INTRODUCTION
Klebsiella pneumoniae is recognized as an opportunistic Gram-negative bacterium. 

Clinically, multiple infectious conditions are frequently attributed to K.  pneumoniae 
[1]. Horizontal gene transferable plasmids and integrons are the primary cause of 
the increase in multidrug-resistant (MDR) and carbapenem resistant K.  pneumoniae 

https://doi.org/10.34883/PI.2026.15.2.044
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(CRKP). These genetic elements accelerate the molecular evolution of resistance by 
efficient acquisition and spread of β-lactamase-associated resistance determinants [2]. 
Development of β-lactamases, especially carbapenemases, is the determinant of MDR 
in K. pneumoniae. Porin loss and efflux pump overexpression frequently work in concert 
to worsen carbapenem-resistant phenotypes; their clinical significance is attributed 
to their ability to hydrolyze carbapenems [3]. Ambler classification categorizes into 
four molecular categories. Within the Ambler classification, carbapenemase genes 
are distributed across different classes of β-lactamases. Klebsiella pneumoniae 
carbapenemase (KPC) belongs to class A, while New Delhi metallo-β-lactamases (NDM), 
Imipenemase (IMP), and Verona integron-encoded metallo-lactamases (VIM) belong to 
class B. Whereas, Oxacillinase-48(OXA-48) carbapenemases belong to Class D [4]. The 
clinical significance of CRKP has been formally recognized by the Centers for Disease 
Control and Prevention (CDC), which classified CRKP as an urgent public critical health 
issue due to its resistance to carbapenem [5].

This study aims to molecularly characterize plasmid-mediated carbapenem resistance 
in K.  pneumoniae by detecting major carbapenemase genes (blaNDM, blaKPC, and 
blaIMP) and to compare phenotypic and molecular detection methods among clinical 
isolates collected from hospitals in Thi-Qar, Iraq.

	� MATERIALS AND METHODS
Collection of specimens 
A total of 300 specimens were collected (from blood, wound swabs, urine, sputum, and 

leg abscesses). These were obtained from Nasiriya General Hospital  in Thi-Qar between 
October 2025 and February 2026. 

Isolation and identification 
In the present study, 300 bacterial specimens were obtained by cultured on blood agar 

and MacConkey agar. Then confirmed by ViTeK 2 Compact system (bioMérieux, Marcy-
L’Etoile, France). 

Antibiotic susceptibility test (AST)
Antibiotic susceptibility testing for K.  pneumoniae samples was accomplished by 

the ViTeK 2 Compact system using an AST card. 12 Antibiotics for 7 classes used in the 
current study were (Ampicillin, Ceftazidime, Cefepime, Trimethoprim-Sulfamethoxazole, 
Ceftriaxone, Amikacin, Piperacillin/Tazobactam, Gentamicin, Levofloxacin, Imipenem, 
Ertapenem, Ciprofloxacin).

Phenotypic analysis
The Rapidec Carba NP test (bioMérieux SA, Marcy l’Etoile, France) was used for the 

detection of carbapenemase through degradation of the β-lactam ring. In accordance 
with the manufacturer’s guidelines, Mueller Hinton agar plates were used to grow isolated 
colonies of K. pneumoniae for 18–24 hours at 37 °C were suspended using a calibrated 
loop (10 µL). Then incubation at 37 °C for half an hour and again after two hours, if required. 
The development of yellow or orange is indicative of a positive result. 
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Molecular analysis 
Genetically, all K. pneumoniae isolates were evaluated for utilizing blaNDM, blaKPC, 

and blaIMP genes by using conventional PCR. 

Genomic DNA extraction
Plasmid DNA extracted using SimEX™ Plasmid DNA Extraction Kit (SIM BIOLAB). The 

method is based on the principles of alkaline lysis and silica membrane spin column 
purification.

The extracted DNA was checked by the Nano drop system at wavelength 260 nm / 
280 nm using the Nano Drop 2000 spectrophotometer [6].

Polymerase chain reaction (PCR) 
PCR assays were performed for molecular analysis of carbapenemase-encoding 

genes (IMP, NDM, and KPC genes) using specific primers presented in Table 1. The total 
reaction volume was 20 μL formulated using master mix, primer pair (forward and 
reverse), DNA template, and nuclease-free water at volumes 10, 1, 3, 5 μL, respectively. 
The PCR amplification comprised five minutes of initial denaturation (at 95 °C), thirty-five 
amplification cycles, denaturation at 95  °C for half an hour, annealing at gene-specific 
temperatures (52 °C blaNDM, 56 °C blaKPC, and 55 °C blaIMP) for thirty seconds, with 1 
minute extension at 72 °C; and completed process using a final extension at 72 °C lasting 
seven minutes [6].

Table 1
Primer sequences used to amplify genes 

No. Gene Primer sequence 3’ to 5’ Product size Reference

1 blaKPC F=CGTCTAGTTCTGCTGTCTTG
R=CTTGTCATCCTTGTTAGGCG 798

[7]2 blaIMP F=TTGACACTCCATTTACDG
R=GATYGAGAATTAAGCCACYCT 139

3 blaNDM F=ATGGAATTGCCCAATATTATGCAC
R=TCAGCGCAGCTTGTCGGC 813

 
The process of electrophoresis was applied for the separation of the PCR-generated 

products, which were examined on ethidium bromide-supplemented 2% agarose gel at a 
final concentration of 0.5 μg/mL. Electrophoresis occurred using 1X TAE buffer at 60V for 
eighty minutes. Each PCR run incorporated a positive control strain and a negative control 
using nuclease-free water [8].

Statistical analysis
Using SPSS version 26, statistical analysis of the current data was performed by Chi-

square analysis at p-value (˂0.05) [9].

Ethical approval
All subjects participating in this study were informed, and the consent form was 

verbally obtained from each one before sample collection. All procedures consistence 
with the ethical guidelines of Thi-Qar university, Iraq. 
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	� RESULTS 
Isolation and identification of K. pneumoniae isolates 
Out of 300 collected specimens, only 130 isolates (43.3%) were identified to be 

K.  pneumoniae based on colony features (on blood agar and MacConkey agar). 
K. pneumoniae was isolated from different clinical samples, with sputum samples (33%) 
representing the most frequent source. Regarding patient demographics, 77 were male 
(59.23%), and 53 were female (40.769%), indicating male predominance. The male/female 
ratio was (1.45:1). Highest proportion was observed in the age group 41–50 (24.6%) years 
of age. 

Antimicrobial resistance test of K. pneumoniae
Resistance was highest to Ampicillin, Ceftazidime, Cefepime, Trimethoprim-

Sulfamethoxazole, Ceftriaxone, Amikacin, Ciprofloxacin, Piperacillin/Tazobactam, 
Gentamicin, Levofloxacin, Imipenem, Ertapenem with resistance rates of 73.85%, 61.53%, 
57.69%, 55.38%, 53.85%, 50%, 50%, 46.15%, 46.15%, 46.15%, 43.08%, 43.08%, respectively 
as shown in figure 1.

Rapidec Carba NP test
Out of 130 K.  pneumoniae isolates, 54 (41.54%) yielded positive results, which 

phenotypically confirmed as carbapenemase producers (figure 2A). 76 (58.46%) yielded 
negative results (figure 2B) as non-carbapenemase producers, which is depicted by no 
color change (Table 2).

Polymerase chain reaction (PCR)
The most prevalent genes were blaNDM, blaIMP, and blaKPC detected in 41/130 

(31.53%), 15/130 (11.53%), 0/130 (0%) of the isolates, 6 isolates (4.6%) co-harbored two 
genes (blaNDM and blaIMP) respectively as shown in figures 3, 4 (Table 3).

Fig. 1. Antibiotic resistance test
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Fig. 2. Rapides Carba NP Test: A – positive result; B – negative result

А В

Table 2
Evaluation of agreement between AST and Rapides Carba NP results

K. pneumoniae (AST and Rapidec Carba NP) No. % p. value
One Positive 2 1.54

<0.01
Both Positive 54 41.54
Both Negative 74 56.92
Total 130 100

Fig. 3. Agarose gel electrophoresis (2%) of PCR amplification products of blaNDM gene (813 bp) 
in Klebsiella pneumoniae isolates (55 min at 60 v). M: represents ladder (DNA marker). Positive 
amplification of the blaNDM gene was observed in isolates 1–4, 6–9, while a negative isolate was 5
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Compare between phenotypic analysis and genotypic analysis
Concordance between the two techniques was observed to be high when identifying 

carbapenem-resistant strains. Most of the isolates that were positive by phenotypic testing 
had confirmation of the presence of the carbapenemase gene (blaNDM and blaIMP). This 
demonstrates that the phenotypic methods used were accurate and efficient when used 

Fig. 4. Agarose gel electrophoresis (2%) of PCR amplification products of blaIMP gene (139 bp)  
in Klebsiella pneumoniae (55 min at 60 v). M: represents ladder (DNA marker). Positive amplification  
of the blaIMP gene was observed in isolates 1–4, 6–9, while a negative isolate was 5

Table 3
Frequency of carbapenemase genes 

K. pneumoniae Genes Frequency (NDM, 
IMP, and KPC) No. % p. value

Non-detect gene 80 61.53

<0.01
One gene 44 33.85
Two genes 6 4.62
Total 130 100

Table 4
Phenotypic and genotypic detection results 

Positive result
p. value

No. %

Phenotypic
Antibiotic sensitive test 56 43.08

0.914
Rapidec Carba NP test 54 41.5

Genotypic

blaNDM 41 31.53

<0.01
blaIMP 15 11.53
blaKPC 0 0
blaNDM + blaIMP 6 4.6
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as screening tools (Tables 4–6).
Table 5
Concordance between phenotypic assays and genotypic detection method

Positive Genotype Negative Genotype
p. value

No. % No. %
Positive Phenotype 50 92.59 4 7.41

<0.01
Negative Phenotype 0 0.00 76 100

Table 6
Comparative analysis of resistance detection methods and carbapenemase-encoding genes

Positive Negative
p. value

No. % No. %
AST 56 43.076 74 56.92 0.114
Rapides Carba 
NP 54 41.54 76 58.46 0.054

NDM 41 31.54 89 68.46 <0.01
IMP 15 11.54 115 88.46 <0.01
KPC 0 0.00 130 100 –
CalX2=98.9 TabX2=9.49 DF=4 p. value <0.01

	� DISCUSSION
The prevalence of CRKP has increased significantly. Resistance is mainly mediated by 

carbapenemase genes, including blaKPC, blaOXA, blaNDM, blaIMP, and blaVIM, as well 
as ESBL-associated mechanisms. These multidrug-resistant isolates exhibit resistance 
to multiple antibiotic classes, creating a major global concern due to the limited 
advancement of novel antimicrobial agents [10]. Therefore, the present study was 
conducted to investigate the prevalence carbapenemase genes among clinical isolates 
and comparison between phenotypic and genotypic analysis in province Thi-Qar, Iraq. The 
results in the present study demonstrated that 43.076% of K. pneumoniae were identified 
as carbapenem-resistant by antimicrobial susceptibility testing. This finding is consistent 

Fig. 5. Distribution of phenotypic and genotypic findings
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with the results reported by [11] and reflects the continuing increase in carbapenem 
resistance among isolates. Whereas 54 (41.54%) were positive by the Rapidec Carba NP 
test. These findings are consistent with previous reports [12] and support the usefulness 
of phenotypic assays for the rapid identification of carbapenemase-producing isolates. 
Early identification of carbapenemase producers is crucial for optimizing antimicrobial 
therapy and implementing effective control measures for control of infection to limit 
nosocomial transmission [13].

The Rapides Carba NP test demonstrated 100% sensitivity and 95% specificity in the 
current study, confirming its reliability as a rapid screening method for routine laboratory 
use. These findings agree with previous investigations [14] and highlight the potential 
value of this assay in resource-limited settings, where rapid and cost-effective detection 
methods are essential for timely clinical decision-making. The high sensitivity of the 
Rapidec Carba NP test observed in the present study may be related to the predominance 
of Metallo-lactamases, particularly NDM, among the studied isolates, as these enzymes 
are effectively detected by this assay.

Molecular analysis revealed that blaNDM (31.54%) was the most prevalent 
carbapenemase gene among the studied isolates. This observation is consistent with 
several regional and international reports [15–17] that showed blaNDM high dominant 
rate (56.2%, 70.4%, 58.6%) respectively. But differs from others reported that blaNDM less 
prevalent [18]. The dissemination of blaNDM remains a critical healthcare concern, which 
has its capacity to enzymatically inactivate a wide spectrum of carbapenems. Its rapid 
spread has been strongly associated with international travel and inter-hospital patient 
transfer, facilitating cross-border transmission and accelerating the global expansion of 
carbapenem-resistant organisms [19].

In contrast, blaIMP was detected at a relatively low frequency (11.54%), a finding 
that agrees with previous studies in Iraq and globally [20, 21], showed that blaIMP 
less frequently distribution. But differs from others [22] that reported this gene higher 
prevalence rate in china. Geographic variation, variation in patterns antimicrobial 
consumption, local epidemiological characteristics, and infection-control strategies may 
contribute to the observed discrepancies between genes in my country [23]. Notably, 
blaKPC was not detected in the present study. This finding is consistent with local study 
in Al-Najaf city [16] and globally [24] and may suggest that blaKPC-producing strains 
have not yet become widely established in the studied region. However, the absence of 
blaKPC contrasts with findings reported elsewhere [25], that reported this gene higher 
prevalence of blaKPC in America, that emphasize the considerable geographic variability 
in the distribution of carbapenemase genes and the importance of continuous molecular 
surveillance. The lack of blaKPC detection among the examined isolates suggests that 
this gene may not be a primary determinant in carbapenem resistance in the study 
setting. In contrast, NDM-producing isolates were more prevalent, indicating that NDM-
mediated resistance may represent the dominant carbapenem resistance mechanism 
in this region.

A small proportion of isolates (4.5%) co-harbored blaNDM and blaIMP genes. 
Although this frequency was relatively low, the coexistence of coexisting carbapenemase-
encoding genes is epidemiologically important because it may enhance resistance levels 
and facilitate the emergence of highly resistant clones. Similar observations have been 
reported previously [26], highlighting the ongoing evolution and genetic diversification 
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of CRKP. In the current study four isolates yielded positive results by the Rapidec Carba 
NP test, despite being negative results for all targeted carbapenemase genes. This 
discrepancy may suggest the occurrence of additional carbapenemase genes that 
were not investigated in the present study. Similar discrepancies have been reported 
previously and have been attributed to factors such as porin deficiency, ESBL production 
in combination with permeability defects, or the presence of less frequently detected 
carbapenemase genes [27, 28]. Several limitations should be acknowledged. First, only 
three carbapenemase genes were screened and combined with no sequencing analysis, 
which limits comprehensive genetic characterization.

	� CONCLUSION 
A considerable proportion of CRKP isolates were associated with Carbapenemase 

genes; the most predominant among these were blaNDM, with the widespread prevalence 
of Carbapenemases isolates. The strong concordance between the Rapidec Carba NP test 
and the molecular analysis (blaNDM and blaIMP) genes demonstrated the high sensitivity 
and accuracy of the assay, supporting its reliability as a rapid phenotypic assay for the 
identification of isolates that producing carbapenemases. The coexistence of resistance 
genes further highlights the need for combined phenotypic and molecular approaches 
for accurate detection and control. 
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Abstract __________________________________________________________________________________________________ 

Introduction. Lower respiratory tract infections (LRTIs), such as community-acquired 
pneumonia (CAP), and hospital-acquired pneumonia (HAP), are a major source of 
morbidity and mortality worldwide. Antimicrobial resistance (AMR) is becoming more 
prevalent, which is compromising the effectiveness of empirical antibiotic therapy; 
therefore, it is important to investigate antibiotic sensitivity pattern of the bacterial agents 
for optimal antibacterial prescription.
Materials and methods. This hospital-based cross-sectional observational study  aimed 
to evaluate the antimicrobial resistance patterns of bacterial agents causing LRTI 
through a retrospective data analysis of sputum culture results for both types of bacterial 
identifications and antibiotic susceptibility profiles among 189 patients who presented 
with lower respiratory tract infections (LRTI) and were admitted to the largest hospital in 
southern Iraq from August, 2018, until November, 2019.
Results. The Gram-positive bacteria Streptococcus pneumoniae was the first most 
frequent causative isolate, whereas Gram-negative bacteria Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Acinetobacter baumannii were the first, second, and third 
most frequent causative isolates respectively. Imipenem, ertapenem, ceftriaxone, and 
cefotaxime had high susceptibility rates against S. pneumoniae. Meropenem, imipenem, 
and amikacin had high susceptibility rates against K. pnumoniae and P. aeruginosa, while 
no antibiotic has a high susceptibility rate against A. baumannii.
Conclusion. The major causative isolate S. pneumoniae shows high antimicrobial 
resistance rates against important antibiotics including amoxicillin, amoxicillin/clavulanic 
acid, ciprofloxacin, levofloxacin, ofloxacin, cefepime, and vancomycin, tetracycline, 
linezolid, and clindamycin which call for reconsidering them for treatment of LRTI, while 
the Gram-negative isolates show high antimicrobial resistance rates against the majority 
of the tested antibiotics.

https://doi.org/10.34883/PI.2026.15.2.045
mailto:adil.fadhil@uobasrah.edu.iq
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	� INTRODUCTION
Lower respiratory tract infections accounted for 2·5 million in 2023, with the greatest 

burden falling on people 70 years of age and older and children under five. Staphylococcus 
aureus (271 000 deaths, or 10·9%), Klebsiella pneumoniae (228 000 deaths, or 9·1%), and 
Streptococcus pneumoniae (634 000 deaths, or 25·3% of all LRI deaths) remained to be the 
leading cause of LRTIs mortality worldwide [1]. Globally, lower respiratory tract infections 
pose a significant challenge to healthcare systems [2]. Bacterial lower respiratory tract 
infections can cause everything from minor flare-ups of chronic bronchitis to potentially 
fatal pneumonias, and the epidemiological information on potential infections and local 
resistance profiles is typically used to inform the choice of empirical antibiotic therapy 
[3]. However, many conventional empirical regimens have become ineffective because 
to the quick and widespread spread of antimicrobial resistance (AMR), which has resulted 
in treatment failures, longer hospital stays, higher healthcare expenses, and increased 
mortality [4, 5]. It is noteworthy that prevalent bacteria associated in LRTI, especially  
S. pneumoniae, frequently exhibit continuously rising rates of antibiotic resistance [6], 
however another feature in this regard on a worldwide scale is the notable regional 
variation in the rates of resistance to these empirically used antibiotics, which is mostly 
due to the manner in which antibiotics are used [7]. This rapid emergence of bacterial 
antibiotics resistance threatens the lives of millions over the world and increases patient 
hospital stay with increasing the management cost [8]. The irrational stewardship and lack 
of regulations regarding antibiotics use that result in increased consumption and promote 
overuse are the principal causes for increased bacterial antibiotic resistance [9]. Here it is 
good to mention that this pattern of irrational stewardship is widely distributed in many 
developing countries as it is estimated that the global proportion of non-prescription 
antibiotics supply by community pharmacies is 62% [10]. 

In fact, health systems around the world face a significant challenge in managing LRTIs, 
which calls for striking a balance between providing efficient individual patient care and 
maintaining the population’s access to antibiotics [11]. AMR surveillance is recognized by 
the World Health Organization (WHO) as a fundamental component of its Global Action 
Plan [12], and a crucial and useful source of local epidemiological intelligence in this 
situation is routine sputum culture and sensitivity data from both outpatient departments 
and inpatient wards. Aggregated results offer a crucial evidence base for developing local 
treatment guidelines, tracking resistance trends, and assessing the effects of public health 
interventions, such as immunization campaigns and antibiotic stewardship programs, 
despite certain limitations, such as specimen quality [13].

The prevalence of community-acquired resistance is shown in data from sputum 
samples of patients who visit primary care or outpatient clinics, and the Important trends 
consist of:

	� Streptococcus pneumoniae: The effectiveness of first-line medications like amoxicillin 
and azithromycin, which are advised by numerous guidelines, is directly challenged 
by surveillance, which continuously reveals large and regionally varying rates of 
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penicillin and macrolide non-susceptibility [14, 15]. This pattern emphasizes how 
crucial pneumococcal conjugate vaccination programs are to public health as a means 
of lowering the incidence of illness and resistant strains [16].

	� Haemophilus influenzae: The use of amoxicillin monotherapy is compromised by 
the prevalence of beta-lactamase-producing strains and increasingly BLNAR (beta-
lactamase-negative ampicillin-resistant) strains, requiring the empirical use of beta-
lactam/beta-lactamase inhibitor combinations (such as amoxicillin-clavulanate) in 
high prevalence areas [17]. These findings serve to reduce needless selection pressure 
in the population by refuting the empirical use of broader-spectrum medications such 
as respiratory fluoroquinolones or third-generation cephalosporins for simple CAP 
[18, 19]. A unique and highly resistant ecology is revealed in sputum cultures from 
hospitalized patients, especially those with healthcare-associated pneumonia (HCAP), 
HAP, or VAP, this ecology is influenced by previous antibiotic exposure, comorbidities, 
and hospital settings [20].

	� Staphylococcus aureus (MRSA): Isolating MRSA from sputum frequently indicates 
previous medical contact and requires switching to glycopeptide or linezolid 
medication, which affects treatment plans and infection control strategies [21].  
In hospital-onset LRTIs, MDR Gram-Negative Bacilli (GNB) are the primary public health 
concern.

	� ESBL-Producing Enterobacterales: Most cephalosporins are ineffective due to the high 
incidence of ESBLs in K. pneumoniae and E. coli isolates from inpatient sputum, which 
leads to increasing usage of carbapenems and subsequent selection for carbapenem 
resistance [22, 23]. Both Acinetobacter baumannii and Pseudomonas aeruginosa: 
Late-onset VAP is frequently caused by several environmental infections. High 
frequencies of MDR and extensively drug-resistant (XDR) phenotypes are frequently 
found in sputum monitoring, which leaves few effective treatment options and results 
in subpar outcomes [24]. Cross-transmission is made easier by their persistence in the 
hospital setting.
Microbial species that are typically susceptible to a specific antibiotic may generate 

more resistant strains by spontaneous mutation or the acquisition of novel resistance 
genes followed by selection. The genetic changes cause a number of mechanisms that 
underlie resistance, including enzyme inactivation, alteration of the antibiotic target 
site, and lower drug accumulation due to greater efflux or decreased permeability. Drug-
sensitive rivals are eliminated by antibiotics, allowing resistant microorganisms to spread 
due to natural selection [4, 25].

This study’s primary goal is to evaluate the antimicrobial resistance patterns of bacterial 
pathogens that cause lower respiratory tract infections in patients who visit a tertiary care 
hospital. To do this, the automated VITEK® 2 compact system – a precise method recently 
used in microbiological laboratories – is used to determine the distribution and antibiotic 
susceptibility profile of causative bacterial agents in patients with LRTI. The majority of 
clinical isolates of both Gram-positive and Gram-negative bacteria can be accurately 
identified and tested for antibiotic sensitivity using the new automated VITEK® 2 compact 
system. Reduced turnaround times, better specimen handling, increased quality control, 
reproducibility, and the capacity to monitor outcomes are additional benefits of the 
system [26].
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	� MATERIALS AND METHODS
Study design
This a hospital – based cross-sectional observational study was carried out in a hospital 

to evaluate patterns of antibiotic resistance in bacterial pathogens that cause lower 
respiratory tract infections (LRTIs). The study was conducted over a period of one and a 
half yea], from August 2021 to November 2022. The study population comprised patients 
of all age groups and both sexes who attended the tertiary care hospital during the study 
period with clinical features suggestive of lower respiratory tract infection. 

Inclusion Criteria include; Patients clinically diagnosed with lower respiratory tract 
infection, Patients whose respiratory samples (sputum) yielded significant bacterial 
growth, and both inpatients and outpatients. 

Exclusion Criteria include; Patients who had received antibiotic therapy within  
48–72 hours prior to sample collection, inadequate or contaminated respiratory samples, 
and duplicate samples from the same patient. All eligible respiratory samples received in 
the microbiology laboratory during the study period were included, a consecutive sampling 
technique was used, and it was 189 patients with lower respiratory tract infection. 

Following Al-Basrah Teaching Hospital’s consent, approval was received from the 
Scientific Committee of the Center of Training and Human Development/Research 
Unit in the Health Directorate of Al-Basrah Governorate (Date 10-July-2019/NO. 375). 
Sputum samples were gathered and sent to the microbiology lab in a wide-mouth sterile 
container. A pre-designed and pre-tested proforma was used to gather data. The following 
details were noted: Clinical information, kind of respiratory sample, sociodemographic 
information (age, sex), and relevant risk factors (smoking status, comorbidities such 
diabetes mellitus or chronic lung disease, past antibiotic usage when available).

Sample culture and bacterial identification
A loop-full of each sample was streaked onto blood agar, MacConkey agar, and 

chocolate agar to inoculate the sputum and bronchial wash samples. The inoculum 
was then equally spread around the plate. Blood and MacConkey agars were incubated 
in an aerobic atmosphere at 37  °C for 24 hr., while Chocolate agar was incubated in a 
10% Co2 incubator at 37 °C for 24 hr. for identification of facultative anaerobic isolates. 
Mycobacterium tuberculosis and anaerobic species were not included in the present study. 
The growth of the aerobically incubated bacteria was identified by the characteristics and 
morphology of the colony, and Gram staining.

Significant bacterial growth was defined as a colony count of at least 100,000 colony 
forming units (CFU)/ml. GPB and GNB genus and species tests were identified using the 
VITEK® 2 compact system (bioMérieux S.A., France) protocols using the following kits: 
VITEK® 2 GN Reference 21341, VITEK® 2 GP Reference 21342. Since S. pneumoniae is not 
included in the automated VITEK® 2 compact system, it was diagnosed manually using 
culture, gram stain, and morphology.

Antibiotics susceptibility
AST-P641, AST-N326, and AST-N327 cards were used in the VITEK® 2 compact system 

(bioMérieux, Frace) to determine antibiotic susceptibility testing. Piperacillin, piperacillin/
tazobactam, ceftazidime, cefepime, aztreonam, amikacin, gentamicin, netilmicin, 
tobramycin, ciprofloxacin, levofloxacin, tetracycline, tigecycline, trimethoprim/
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sulfamethoxazole, fosfomycin, nitrofurantoin, benzylpenicillin, erythromycin, clindamycin, 
linezolid, teicoplanin, vancomycin, and fusidic acid were the antibiotics that VITEK® 2 
cards. The antibiotic susceptibility test for S. pneumoniae was conducted using the 
Kirby-Bauer disc diffusion method. The 2015 Clinical and Laboratory Standards Institute 
(CLSI) standards were used to interpret the results. Antibiotic-resistant or intermediate-
susceptible isolates were regarded as non-susceptible.

Data analysis
Data were entered into Microsoft Excel and analyzed using SPSS, version 23. Descriptive 

statistics were mentions as frequencies expressed as number and percentages. 

	� RESULTS
Patients’ characteristics
One hundred and eighty-nine sputum samples – 120 from males and 69 from 

females – showed notable bacterial growth in the current investigation. Table 1 lists 
the characteristics of the patients. 62.9% of LRTI cases are in young and middle-aged 
individuals (25–64 years). Elderly patients (≥65 years) make up 16.8% of the total, while 
pediatric patients (0–14 years) make up 18%. Patients in the 45–64 age range account for 
the largest percentage of all LRTI cases (28.6%), followed by those in the 25–44 age range 
(24.8%).

Table 1
Sex and age distribution of lower respiratory tract infection patients

No. (%)
Sex 
Female 69 (36.5)
Male 120 (63.5)
Gender distribution
1–14 10 (5.3)
15–24 18 (9.5)
25–44 53 (28.0)
45–64 66 (34.9)
65+ 42 (22.2)

Species distribution
Table 2 displays the distribution of LRTI species. Of the 189 bacterial isolates, Gram-

positive was predominant 130 (2 genera, 4 species) and 59 were Gram-negative (9 genera, 
12 species). Gram positive bacteria accounted for over half (68.8%) of all cultured sputum, 
while Gram negative bacteria accounted for 31.2%, according to the septum cultures. 
Gram-negative isolates K. pneumoniae (9.5%) and P. aeruginosa (8.5%) were the second 
and third most common isolates found in sputum cultures, respectively, S. pneumoniae 
is predominant pathogen accounted for 65.1% of all isolates of the LRTI. In addition to 
other isolates, such as E. coli, Staphylococcus species, and streptococcus species, which 
are present in small percentages. This table also shows that while Gram positive bacteria 
were more predominant in terms of number, Gram negative bacteria were more in terms 
of species.
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Table 2
Distribution of bacteria isolated from sputum culture

Bacterial isolates No. (%)
Gram-positive bacteria  130 (68.8)
Streptococcus pneumoniae 123 (65.1)
Staphylococcus aureus 3 (1.6)
staphylococcus epidermidis 2 (1.1)
Staphylococcus haemolyticus 2 (1.1)
Gram-negative bacteria  59 (31.2)
Klebsiella pneumoniae 18 (9.5)
Pseudomonas aeruginosa 16 (8.5)
Pseudomonas luteola 1 (0.5)
Acinetobacter baumannii 8 (4.2)
Acinetobacter caloaceticus 1 (0.5)
Eschericia coli 6 (3.2)
Protus hauseri 2 (1.1)
Proteus penneri 2 (1.1)
Enterobacter cloacae 2 (1.1)
Serratia marcescens 1 (0.5)
Raoultella ornithinolytica 1 (0.5)
Cedecea lapagei 1 (0.5)

Antibiotics susceptibility 
The antibiotic susceptibility of the Gram-positive isolates is displayed in Table 3. 

The first most common isolate of S. pneumonia has high susceptibility rates (>70%) 
to ertapenem, imipenem, ceftriaxone, cefotaxime, doxycycline, and rifampicin, 
but high resistance rates (>30–40%) to penicillin, amoxicillin/clavulanic acid, 
ciprofloxacin, levofloxacin, ofloxacin, cefepime, vancomycin tetracycline, trimethoprim/
sulfamethoxazole. While, ciprofloxacin, levofloxacin, teicoplanin, tigecycline, linezolid, 
fucidin, nitrofurantoin, fosfomycin, and trimethoprim/sulfamethoxazole are all highly 
susceptible to S. aureus, the second most common Gram-positive strain. Tables (4 and 5) 
showed the Gram-negative isolates’ susceptibility to antibiotics, the most common Gram-
negative isolate, K. pneumonia, exhibits high susceptibility rates to amikacin, imipenem, 
and meropenem but high resistance rates (40–100%) to the remaining antibiotics in the 
cassette panel reserved for Gram-negative isolates.

In the cassette panel reserved for Gram-negative isolates, P. aeruginosa, the second 
most common isolate, exhibits high sensitivity rates to ceftazidime and amikacin (60 and 
66.7%, respectively), but high resistance rates (60–100%) to the remaining medicines. 
The third most common Gram-negative isolate, A. baumannii, was solely sensitive to 
imipenem. There were 18 (100%), 4 (25%), 5 (62.5%), and 4 (66.7) isolates of K. pneumoniae, 
P. aeruginosa, A. baumannii, and E. coli that were resistant to several drugs. Since not all 
of the antibiotics identified by the group of worldwide specialists were examined, it is 
impossible to quantify the extensive drug resistance and pan drug.
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Table 3
Antibiotics resistance percentage R (R%) of Gram-positive isolatesa

Antibiotics Streptococcus 
pneumoniae (123)

Staphylococcus 
aureus (3)

Staphylococcus 
haemolyticus (2)

Benzylpenicillin – – 2/2 (100) 2/2 (100)

Penicillin 11/33 (33.3) 1/1 (100) – –

Amoxicillin 41/91 (45.1) – – – –

Amoxicillin/ Clavulonic acid 10/29 (34.5) – – – –

Ciprofloxacin 21/41 (51.2) 1/3 (33.3) 2/2 (100)

Levofloxacin 41/90 (45.6) 1/3 (33.3) 1/1 (100)

Ofloxacin 75/140 (53.6) – – – –

Imipenem 8/80 (10.0) – – – –

Ertapenem 10/54 (18.5) – – – –

Ceftriaxone 19/116 (16.4) – – – –

Cefotaxim 13/63 (20.6) – – – –

Cefepime 52/107 (48.6) – – – –

Vancomycin 30/73 (41.1) 2/3 (66.7) – –

Teicoplanin – – 0/3 0 – –

Tetracycline 59/88 (67.0) 1/2 (50.0) 2/2 (100)

Erythromycin – – 3/3 (100) 1/1 (100)

Tigecycline – – 0/3 0 0/1 0

Linezolid 14/29 (48.3%) 1/3 (33.3) 1/2 (50.0)

Clindamycin 10/20 (50.0%) 3/3 (100.0) 2/2 (100)

Fucidin – – 2/3 (66.7) 2/2 (100)

Nitrofurantoin – – 1/3 (33.3) 0/1 0

Fosfomycin – – 1/3 (33.3) 2/2 (100)

Doxacycline 16/58 (27.6) – – – –

Rifampicin 15/107 (14.0) – – – –

Trimethoprim/Sulfamethoxazole 97/99 (98.0) 0/2 0 1/2 (50.0)

Note: a Staphylococcus epidermidis not applied for antibiotics.

Table 4
Antibiotics resistance percentage R (R%) of Gram-negative isolatesa

Antibiotics
Klebsiella 
pneumoniae 
(18)

Pseudomonas 
aeruginosa (16)

Pseudomo-
nas luteola 
(1)

Acineto-
bacter 
bauman-
nii (8)

Acineto-
bacter 
caloaceticus 
(1)

Escherich-
ia coli (6)

Piperacillin 5/7 (71.4) 10/14 (71.4) 1 (100%) 3/3 100 – –
Piperacillin/
Tazobactam 9/17 (52.9) 9/13 (69.2) 1 (100%) 4/4 100 0 0 4/6 (66.6)

Ceftazidime 18/18 (100) 8/14 (40.0) 0 0 8/8 100 0 0 6/6 (100)
Cefepime 5/9 (55.9) 7/13 (53.8) 1 (100%) 3/3 100 – 5/5 (100)
Aztreonam 8/8 (100) 6/14 (42.9) 1 (100%) 3/3 100 – 6/6 (100)
Meropenem 6/15 (40.0) 6/12 (50.0) 0 0 2/4 50 0 0 0/6 0
Imipenem 6/18 (33.3) 3/12 (25.0) 0 0 5/6 83.3 0 0 0/6 0
Ciprofloxacin 10/18 (55.6) 6/11 (54.5) 0 0 4/6 66.7 0 0 5/6 (83.3)
Levofloxacin 5/6 (83.3) 5/11 (45.4) 0 0 2/4 50.0 – 4/6 (66.7)
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Trimetho-
prim/Sulfa-
methoxazole

16/17 (94.1) 7/9 (77.8) 0 0 6/6 100 0 0 4/6 (66.7)

Tetracycline 6/8 (75.0) 13/14 (92.9) 0 0 3/3 100 – 4/5 (80.0)
Tigecycline – 12/12 (100) 0 0 – – –
Gentamicin 10/18 (55.5%) 6/13 (46.1) 0 0 4/8 50 0 0 3/6 (50.0)
 Amikacin 7/18 (38.9) 5/15 (33.3) 0 0 4/6 66.7 0 0 1/6 (16.7)
Tobramycin 6/8 (75.0) 7/13 (53.9) 0 0 – – 3/6 (50.0)
Netilmicin 6/7 (85.7) 6/12 (50.0) 0 0 – – 2/4 (50.0)
Colistin – 2/15 (13.3) 1 (100%) – – –

Note: a Proteus penneri not applied for antibiotics.

Table 5
Antibiotics resistance percentage R (R %) of Gram-negative isolates

Antibiotics Protus 
hauseri (2)

Enterobacter 
cloacae (2)

Serratia marc-
escens (1)

Raoultella orni-
thinolytica (1)

Cedecea 
lapagei (1)

Piperacillin – – 0 0 0 0 –
Piperacillin/Tazobactam 0/2 0 1/2 (50.0) 0 0 0 0 1 (100)
Ceftazidime 2/2 (100) 1/2 (50.0) 0 0 0 0 1 (100)
Cefepime – – 0 0 0 0 –
Aztreonam – – 0 0 0 0 –
Meropenem 2/2 (100) 0/2 0 0 0 0 0 0 0
Imipenem 2/2 (100) 0/2 0 0 0 0 0 0 0
Ciprofloxacin 0/2 0 0/2 0 0 0 0 0 0 0
Levofloxacin – – 0 0 0 0 –
Trimethoprim/
Sulfamethoxazole 2/2 (100) 0/2 0 0 0 0 0 0 0

Tetracycline – – 0 0 0 0 –
Tigecycline – – 0 0 0 0 0 0
Gentamicin 0/2 0 0/2 0 0 0 0 0 0 0
Amikacin 0/2 0 0/2 0 0 0 0 0 0 0
Tobramycin – – 0 0 0 0 –
Netilmicin – – 0 0 0 0 –
Colistin – – 1 (100) 0 0 –

	� DISCUSSION 
The present study shows that S. pneumoniae, K. pneumonia, and P. aeruginosa were 

the first, second, and third most predominant causative isolates respectively that identified 
in the sputum clinical samples since this study did not determine the type of infection 
whether it was acquired from the hospital or the community, so there was a diversity of 
the causative isolates that have been recorded in the other studies in a variable frequency 
depending on the setting of the infections whether hospital or community-acquired 
infections and upon geographical locations [2, 7, 27, 28]. The antibiotics susceptibility of  
S. pneumonia isolates shows high resistance rates to amoxicillin, amoxicillin/ clavulanic 
acid, ciprofloxacin levofloxacin, ofloxacin cefepime vancomycin tetracycline, and 
trimethoprim/sulfamethoxazole. This resistance rate is somewhat similar or slightly 
higher regarding some antibiotics in comparison with studies conducted recently in 
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other countries in different regions of the world as Japan [28], Switzerland [29], and Turkey 
[30]. K. pneumoniae shows higher resistance rates regarding beta-lactam antibiotics and 
quinolones in comparison with other studies carried out in Jordan [31], and Malaysia 
[32]. It shows comparable high resistance rates to piperacillin/tazobactam, ceftazidime, 
ciprofloxacin, trimethoprim/sulfamethoxazole, gentamicin, and nitrofurantoin in 
comparison to other studies [30, 33]. P. aeruginosa isolates showed high resistance rates 
(40–60%) to all antibiotics tested but imipenem, amikacin, and colistin.

This pattern of resistance is higher than those found in studies carried in Japan [27], 
Swiss [29], and Turkey [30]. A. baumannii which constitute 4.2% of the causative isolates 
showed a serious antibiotics susceptibility pattern represented by high resistance rates 
to all but imipenem antibiotics (100% for 8 antibiotics) a result that comes in accordance 
with other studies which show that this species is resistant to the most antibiotics and 
difficult to treated and a similar finding was recorded recently in Iraq [34, 35].

	� CONCLUSION
The high level of bacterial antibiotic resistance may be caused by irrational use, 

improper prescription, and over-the-counter availability of antibiotics, which is a common 
practice in the Al-Basrah Governorate. Since nearly all antibiotics are sold in private 
pharmacies without a medical prescription, local and national health authorities must 
implement regulations and policies regarding the handling and prescription of antibiotics 
in order to reduce infection-related morbidities and mortality, prevent serious clinical 
effects and consequences, and preserve the effectiveness of various antibiotic categories 
against pathogenic bacteria.
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Abstract __________________________________________________________________________________________________ 

Introduction. Respiratory Syncytial Virus (RSV) causes severe respiratory infections and 
evades long-term immunity through poorly understood mechanisms. The viral Non-
Structural Protein 1 (NS1), a known interferon antagonist, also reprograms host cellular 
metabolism. 
Purpose. To investigates the hypothesis that NS1 induces a metabolic collapse of 
the innate immune system by depleting mitochondrial oxaloacetate (OAA), a critical 
metabolite required for the MDH1-mediated induction of the antiviral TBK1 signaling 
cascade. 
Materials and methods. By integrating transcriptomic analysis of human epithelial cells 
infected with mitochondrial-incompetent NS1 mutants (NS1-Y125A and NS1-L132A/
L133A) with metabolic rescue experiments using cell-permeable oxaloacetate. The study 
demonstrates a novel axis of immune regulation. Mitochondrial-incompetent NS1 mutants 
(Y125A and L132A/L133A) fail to suppress immune responses, upregulating IFNB1, 
IFNLs, CXCL11, and IDO1 and activating TLR and RIG-I-like receptor signaling pathways. 
Cell-permeable oxaloacetate (DEOAA) restores antiviral gene signatures, mimicking the 
genetic restoration of immunity in a separate viral infection model. 
Results. Integrated analysis demonstrates a highly significant transcriptional convergence 
(p=5.436e−37) between NS1 mutation and oxaloacetate supplementation, centered 
on a core antiviral activation module. The predictive strength of the metabolic sensor 
MDH1 and kinase TBK1 in a machine learning model mechanically links mitochondrial 
oxaloacetate availability to innate immune activation. RSV NS1 protein suppresses innate 
immunity by depleting mitochondrial oxaloacetate, acting as a metabolic checkpoint 
inhibitor. 
Conclusion. This depletion disrupts the MDH1-TBK1 signaling axis, preventing effective 
viral detection by host cells. Restoring oxaloacetate levels or metabolic balance 
reactivates antiviral defenses, suggesting a potential therapeutic strategy for respiratory 
viral infections.

https://doi.org/10.34883/PI.2026.15.2.046
mailto:bushra.jh_bio@sci.utq.edu.iq
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	� INTRODUCTION
Respiratory Syncytial Virus (RSV) is a primary cause of severe lower respiratory tract 

infections, including bronchiolitis and pneumonia, in infants and young children [1, 2]. 
RSV causes mortality in elderly and immunocompromised adults at rates comparable to 
influenza. Despite over six decades of intensive research since its discovery, the medical 
community lacks a licensed vaccine for the general pediatric population, and therapeutic 
interventions remain restricted to prophylactic monoclonal antibodies like palivizumab 
and nirsevimab [3–7]. Hosts fail to develop durable, sterilizing immunity to RSV, which 
impedes vaccine development and characterizes the virus’s pathogenesis. Frequent 
reinfection with RSV throughout life indicates the virus evades detection and subverts 
immunological memory [8, 9].

The non-structural protein 1 (NS1) drives this evasion strategy. The Pneumoviridae-
specific protein NS1 antagonizes the host interferon (IFN) response and is the most 
abundantly transcribed viral gene early in infection. The original model for NS1 function 
involved direct protein-protein interference. It is well-established that NS1 forms a 
degradative complex with STAT2 to cripple the JAK-STAT pathway and binds to the 
mitochondrial antiviral-signaling protein (MAVS) to inhibit RIG-I signaling [10–12]. Steric 
inhibition alone cannot explain NS1-mediated cellular reprogramming. Antiviral responses 
are energetically expensive, requiring specific metabolites as signaling molecules [13–16]. 
We hypothesize RSV NS1 suppresses innate immunity by physically blocking immune 
receptors and collapsing the system’s metabolism. We examined how the tricarboxylic acid 
(TCA) cycle intermediate oxaloacetate (OAA) regulates the interferon response. Cytosolic 
OAA is required to bind and dimerize the metabolic sensor MDH1 (Malate Dehydrogenase 
1), which in turn scaffolds the transcription factor ETS2 to drive the expression of TBK1, the 
obligatory kinase for IRF3 activation. Without this metabolic signal, the immune system is 
effectively suppressed upstream of the canonical signaling cascade [16, 17].

Evidence suggests that RSV induces a state of metabolic decoy, where the cell is 
hypermetabolic and glycolytically active to fuel viral replication, yet selectively starved 
of the metabolites required for immunity. We suggest that NS1 induces this starvation. 
By localizing mitochondrion, NS1 induces mitochondrial fragmentation and loss of 
membrane potential. This disruption is predicted to stall the Malate-Aspartate Shuttle, 
trapping oxaloacetate equivalents within the mitochondrial matrix and depleting the 
cytosolic pool necessary for MDH1-mediated immune sensing [18, 19]. 

Here, we show this novel axis of immune evasion. We combine transcriptomic analysis 
of human epithelial cells infected with mitochondrial-incompetent NS1 mutants (NS1-
Y125A and NS1-L132A/L133A) with metabolic rescue experiments using cell-permeable 
oxaloacetate. Failure of NS1 mutants to localize to mitochondria prevents innate immunity 
suppression, inducing a strong antiviral gene signature. Oxaloacetate supplementation 
during wild-type viral infection phenocopied the genetic rescue, restoring interferon 
signaling. NS1 is a metabolic checkpoint inhibitor. Reversing viral immune suppression 
by restoring metabolic homeostasis is therefore a new host-directed therapeutic strategy.

https://www.zotero.org/google-docs/?JN6IXc
https://www.zotero.org/google-docs/?ZbLV3k
https://www.zotero.org/google-docs/?qlkI9N
https://www.zotero.org/google-docs/?hlTv7D
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	� MATERIALS AND METHODS
Cohorts and differential expression analysis
The study used raw RNA-sequencing count data from GEO accession GSE309353. 

We infected human epithelial cells with WT RSV, RSV NS1-Y125A, and RSV NS1-L132A/
L133A (n = 6 per group). We validated our results with expression data from GSE297098, 
an experiment on influenza A (H1N1) infected cells treated with diethyl-oxaloacetate 
(DEOAA) or vehicle. Analyzed the data in R (v4.4.2). We normalized raw counts from the 
RSV dataset (GSE309353) using DESeq2 [20]. A linear model controlled for donor and 
infection status. Differential expression analysis was performed using the Wald test. Genes 
were considered significantly differentially expressed (DEGs) if they satisfied a Benjamin-
Hochberg adjusted p-value (padj) < 0.05 and an absolute log2 fold change (|log2FC|) > 
1.0. This threshold identified biologically significant changes.

Pathway and gene set enrichment analysis
We analyzed the biological functions of DEGs with Gene Ontology (GO) Biological 

Process enrichment using the GSEApy Python library. We analyzed gene sets using GO_
Biological_Process_2023 and KEGG_2021_Human. Specific focus was placed on immune 
signaling pathways. For targeted pathway analysis, we retrieved gene sets for Cytokine-
cytokine receptor interaction, Toll-like receptor signaling, and others from the KEGG 
database. Module scores were calculated by Z-score transforming the expression matrix 
and computing the mean Z-score for all genes within a given pathway for each sample.

Cross-dataset integration and predictive modeling
To assess the concordance between the RSV NS1 mutant phenotype and the 

oxaloacetate-supplemented phenotype, we merged datasets based on common gene 
symbols. We constructed a quadrant scatter plot of Log2 Fold Changes (Log2FC) to 
visualize concordantly regulated genes. Furthermore, we employed a Random Forest 
classifier (scikit-learn/randomForest package) to test if a compact signature of 18 
metabolic and antiviral genes could predict the treatment status (DEOAA vs Vehicle) in 
independent samples. The model was trained with 500 trees, and feature importance was 
extracted using the Mean Decrease in Gini impurity metric.

	� RESULTS
RSV NS1 mutants exhibit a distinct transcriptional profile and restore host 

immunity
To test our hypothesis that mitochondrial interaction is key to NS1’s immunosuppressive 

function, we first analyzed the transcriptomic landscape of human epithelial cells infected 
with wild-type (WT) RSV or one of two NS1 mutants (NS1Y125A and NS1L132A/L133A) 
previously implicated in altering NS1 function. PCA of the transcriptomes revealed a 
striking separation of samples based on the infection condition (Fig. 1). While WT RSV-
infected cells were observed to cluster differently than the cells infected with either of the 
two NS1 mutants clustered together, away from the WT group. Point mutations in NS1 
alter host cell transcription in a reproducible pattern distinct from WT virus.
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The study identified genes driving the separation through differential expression 
analysis. The NS1Y125A mutation upregulated canonical antiviral genes relative to WT 
RSV (Fig. 2). Interferons IFNB1 and IFNL1-3 showed significant upregulation, along with 
interferon-stimulated genes (ISGs) such as the chemokine CXCL11 and the antiviral 
effector IDO1. Mutant NS1 fails to suppress the host interferon response.

Fig. 1. PCA of RSV NS1 Samples PCA separated samples by gene expression. Colors denote conditions 
(wt, NS1L132A_L133A, NS1Y125A) and shapes denote donors. PC1 separated samples by viral genotype 
and PC2 by infection status. NS1 mutations drive most of the transcriptional variance in infected 
samples

Fig. 2. Differential Gene Expression: NS1Y125A vs WT we plotted Log2 fold change against the -Log10 
P-value for all genes. Red denotes genes significantly upregulated in the NS1Y125A mutant versus WT 
RSV. The induction of interferons and chemokines restores the host immune response
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We scored immune activation across all conditions using a curated set of antiviral 
genes. WT RSV-infected cells showed a lower immune score than mock-infected cells  
(Fig. 3). In stark contrast, infection with either the NS1Y125A or NS1L132A/L133A mutant 
virus led to a dramatic and significant restoration of the immune activation score, elevating 
it to levels far exceeding those in WT-infected cells. As hypothesized, the NS1 mutants 
failed to suppress host immunity.

Mutation of NS1 reverses suppression of key antiviral pathways
We defined the restored immune signature’s biological context through pathway 

enrichment analysis of genes upregulated in NS1 mutants relative to WT. Host antiviral 
response pathways showed enrichment (Fig. 4). The most significantly enriched term was 
"Cytokine-cytokine receptor interaction" (Adjusted P = 2.11e-09), followed by a cascade 
of innate immunity pathways including "Toll-like receptor signaling pathway" (Adjusted  
P = 9.68e-04), "Cytosolic DNA-sensing pathway" (Adjusted P = 9.68e-04), "RIG-I-like 
receptor signaling pathway" (Adjusted P = 1.11e-02), and "JAK-STAT signaling pathway" 
(Adjusted P = 6.07e-03). The coordinated upregulation of these pathways confirms 
that the NS1 mutations lead to a broad-based de-repression of the cellular machinery 
designed to detect and combat viral infection. Conversely, no biological processes were 
significantly enriched among the few genes downregulated by the mutants, suggesting 
that the primary effect of these mutations is the loss of a suppressive function.

Oxaloacetate Supplementation Phenocopies the NS1 Mutant Immune Profile
Our central hypothesis posits that NS1’s immunosuppressive activity is mediated 

through the depletion of OAA. To test this, we leveraged an independent transcriptomic 
dataset (GSE297098) where cells infected with influenza virus were treated with a vehicle 
or DEOAA, a cell-permeable form of OAA. We first calculated the same immune activation 
score used for the RSV dataset. In vehicle-treated cells, influenza infection induced only 
a modest immune response (Fig. 5). However, supplementation with DEOAA during 

Fig. 3. Immune Activation: RSV NS1 Mutants Immune module scores by infection condition. WT RSV 
infection suppresses the immune score compared to mock, whereas infections with NS1Y125A and 
NS1L132A/L133A mutants significantly increase it
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Fig. 4. GO Biological Process 2023 – UP_NS1_Mutants Dot plot showing the top enriched biological 
pathways for genes upregulated in NS1 mutants compared to WT RSV. The x-axis represents the -Log10 
Adjusted P-value, and the color scale indicates the significance. Pathways related to cytokine signaling, 
viral sensing, and innate immunity are highly enriched

Fig. 5. Immune Activation: OAA Dataset Boxplot of the immune module score in cells treated with 
vehicle or diethyl-oxaloacetate (DEOAA) and either mock-infected or infected with influenza virus. 
DEOAA supplementation significantly boosts the immune score during infection compared to vehicle-
treated infected cells
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Fig. 6. A – Cytokine-cytokine receptor interaction Module scores measure cytokine-cytokine receptor 
pathway activity. Infected cells treated with DEOAA showed significantly higher pathway activity than 
controls. B – Viral protein interaction with cytokine and cytokine receptor, the score measures viral 
protein interaction pathway activity. Supplementing DEOAA during infection increases pathway activity. 
C – Toll-like receptor signaling pathway Module score for the Toll-like receptor signaling pathway. DEOAA 
increases pathway activity during infection. D – TNF signaling pathway We scored TNF signaling pathway 
activity. Supplying DEOAA during infection increases pathway activity. E – Chemokine signaling pathway 
the module score quantified Chemokine signaling pathway activity. DEOAA activity showed a non-
significant increase during infection



38 "Clinical infectology and parasitology", 2026, volume 15, № 2

Immunology and Genetics of Endemics and Infectious Diseases in Iraq

infection resulted in a striking and potentiation of the immune score, demonstrating that 
restoring OAA levels can rescue a suppressed antiviral state.

We then examined the effect of DEOAA on specific immune pathways. In agreement 
with the broad immune activation, DEOAA supplementation during infection led to a 
significant increase in the activity of several key pathways compared to vehicle-treated 
infected cells, including "Cytokine-cytokine receptor interaction" (P = 0.00005, Fig. 6A), 
"Viral protein interaction with cytokine and cytokine receptor" (P = 0.011, Fig. 6B), "Toll-
like receptor signaling pathway" (P = 0.003026, Fig. 6C), and "TNF signaling pathway" 
(P = 0.028, Fig. 6D). The "Chemokine signaling pathway" showed a similar trend but did 
not reach statistical significance (P = 0.42, Fig. 6E). (Fig. 6F) shows the extent of antiviral 
pathway induction by OAA. The metabolic rescue phenotypically matches the genetic 
rescue in NS1 mutants, which confirms our hypothesis.

Fig. 7. Quadrants of Gene Regulation Gene expression changes (Log2FC) following RSV NS1 mutant 
infection (x-axis) are plotted against changes following OAA supplementation (y-axis). The plot shows a 
significant positive correlation, with many key antiviral genes located in the "Concordant Upregulation" 
quadrant (Up-Up, red)
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Transcriptomic signatures converge between NS1 mutation and OAA 
supplementation

We compared the transcriptional effects of NS1 mutation and OAA supplementation 
by integrating both datasets. Gene expression log2 fold changes in the NS1 mutant 
versus WT correlated with those from OAA supplementation versus vehicle (Fig. 7). 
The two experimental systems shared a transcriptional response, correlating positively  
(R = 0.085, p = 5.436e-37). The "Concordant Upregulation" quadrant was densely populated 
with critical antiviral genes, including IFNB1, IFNL1, IFNL2, IFNL3, CCL5, CXCL11, IFIH1, 
and TBK1, which are upregulated in both NS1 mutant infections and OAA-supplemented 
conditions (Fig. 7). A shared mechanism drives immunity restoration in NS1 mutants and 
its rescue by OAA supplementation.

A Core Metabolic and Antiviral Gene Signature Links the Two Perturbation States
We next defined a core signature of 18 key metabolic and antiviral genes, including 

TCA cycle enzymes (MDH1, CS) and central antiviral signaling molecules (TBK1, IFNB1). 
Hierarchical clustering of the RSV dataset using this signature perfectly segregated the 
WT-infected samples from the NS1 mutant-infected samples (Fig. 8). The WT condition 
was characterized by suppressed expression of interferons and ISGs, while the mutants 
displayed a mirror image of potent induction.

In the OAA dataset, activity of the 18-gene signature increased in DEOAA-treated 
infected cells compared to vehicle controls (Fig. 9A). OAA supplementation during 
infection also induced a module score of genes upregulated by NS1 mutants, suggesting 
a functional overlap (Fig. 9B).

Fig. 8. Metabolic & Antiviral Genes Heatmap showing the expression of a curated 18 gene signature 
across RSV-infected samples. The NS1 mutant activates an immune signature suppressed during wild-
type infection
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Fig. 9. A – Metabolic & Antiviral Signature Score An 18-gene signature scores metabolic and antiviral 
activity in the OAA dataset. Infected cells treated with DEOAA have a significantly higher score, 
similar to cells with NS1 mutations. B – Genes Upregulated by NS1 Mutants Module score for genes 
upregulated by NS1 mutants, scored in the OAA dataset. OAA supplementation during infection 
strongly induces this gene set, demonstrating a shared transcriptional program

Finally, to test the predictive power of this signature, we trained a Random Forest 
classifier to distinguish between DEOAA- and vehicle-treated samples using only the 
expression of these 18 genes. The model performed with high accuracy, and an analysis 
of feature importance revealed that both antivirals signaling molecules (TBK1, IFIH1, 
CCL5) and metabolic enzymes (MDH1, IDH2, CS) were critical for the classification  
(Fig. 10). The prominence of MDH1 (Mean Decrease Gini = 0.26), an enzyme directly 
involved in OAA metabolism, as the second most important feature provides a powerful 
predictive link between the metabolic state and the antiviral phenotype. Finally, the 
shortlisted markers are summarized in Table, whereas other data points of this study are 
presented in Supplementary Table.

Shortlisted biomarkers identified through concordance and discordance along with machine learning

Gene Symbol RSV Log2FC OAA Log2FC ML Importance 
(Gini) Regulation

IFNB1 4.34 2.25 0.168 Up-Up
IFNL1 3.48 2.97 0.175 Up-Up
IFNL2 3.35 0.2 0.045 Up-Up
IFNL3 3.43 0.54 0.154 Up-Up
CXCL11 2.22 2.96 0.165 Up-Up
CCL5 3.3 1.53 0.184 Up-Up
IFIH1 0.68 1.25 0.199 Up-Up
TBK1 0.04 3.12 0.305 Up-Up
MDH1 –0.07 –0.14 0.261 Down-Down
IDH2 0.04 –0.18 0.161 Up-Down
CS –0.02 –0.08 0.093 Down-Down
IDO1 1.7 3.23 0 Up-Up
RSAD2 0.98 1.93 0 Up-Up
STAT1 0.59 0.61 0 Up-Up
MX1 0.7 0.87 0 Up-Up
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	� DISCUSSION
This study demonstrates that the immunosuppressive potency of NS1 may rely 

critically on its ability to hijack mitochondrial metabolism, specifically through the 
depletion of the TCA cycle intermediate oxaloacetate. By integrating transcriptomic 
profiling of mitochondrial-incompetent NS1 mutants with metabolic rescue experiments, 
we have potentially established a causal link between mitochondrial dysfunction 
and the silencing of the type I and type III interferon responses.  The convergence of 
transcriptional signatures between the NS1 mutants and cells supplemented with 
exogenous oxaloacetate provides compelling evidence for a shared mechanistic axis. The 
NS1 mutations Y125A and L132A/L133A disabled viral immune suppression, increasing 
expression of IFNB1, IFNLs, and CXCL11 [21–23]. Chemically restoring oxaloacetate in 
wild-type infection models phenocopied the genetic restoration of immunity. Wild-type 
NS1 protein in the mitochondria depletes local oxaloacetate, explaining this metabolic 
phenocopy [24]. The metabolite’s absence prevents the cell from detecting a pathogen, 
blocking the bioenergetic shift needed for cytokine production.

Our machine learning analysis reveals that MDH1 and TBK1 are top predictors of 
the state of immunity, which explains this aspect at a molecular level. Cytosolic Malate 
Dehydrogenase  1 (MDH1) is a direct sensor of intracellular oxaloacetate levels [24–27]. 
In healthy or activated immune cells, high levels of oxaloacetate induce MDH1 dimer 
formation as a scaffold to facilitate the recruitment and phosphorylation of transcription 
factor ETS2. This complex transcribes the kinase TBK1, which phosphorylates IRF3 and 

Fig. 10. Feature Importance (Random Forest) Bar chart showing the feature importance (Mean Decrease 
in Gini) from a Random Forest model trained to classify DEOAA vs. vehicle treatment in infected cells. 
Both antiviral (TBK1, IFIH1) and metabolic (MDH1) genes are identified as key predictors
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induces interferon. The RSV NS1 suppresses this axis at a node. By reducing mitochondrial 
oxaloacetate export, NS1 probably inhibits MDH1 dimerization effectively uncoupling 
metabolism sensing from TBK1 expression. At the same time, the model predicts that 
our mutant experiences a steady increase of TBK1 expression, which abolishes metabolic 
inhibition in our mutant and supplemented conditions. NS1 directly interferes with host 
signaling by means of STAT2 proteasomal degradation and sequestration of MAVS. An 
early, possibly primary, metabolic defect is associated with these described interactions. 
The immune response was only saved by providing oxaloacetate, indicating the influence 
of the metabolic checkpoint. It is possible that a lack of TCA cycle intermediates establishes 
a cellular context which promotes the degradation of STAT2 or destabilizes the MAVS 
signalosome. Metabolic collapse induced by NS1 potentiates its protein-level inhibition 
of host cells. Argument on NS1 intracellular localization focuses on how reduced function 
might explain it. Although the focus of our investigation has been on the mitochondrial 
function of NS1 with emphasis on Y125 and L132/133 playing an important role for the 
mitochondrial interface, published findings have also alluded to nuclear interactions with 
MED25 [28]. Such an activity is exerted by NS1 in two compartments with a redundancy 
of function. The mitochondrial checkpoint initially inhibits signaling by exhausting small 
molecule metabolites. Nuclear accumulation provides a secondary block, inhibiting 
residual transcription. The mutants used in our study likely disrupt the mitochondrial 
entry or function, thereby maintaining the oxaloacetate pool and allowing the MDH1-
ETS2 signal to override the nuclear blockade. RSV must suppress host immune signaling 
to replicate.

Cross-validation with Influenza A datasets indicate respiratory viruses convergently 
evolved to sabotage host metabolism [29]. Influenza, Dengue, and Hepatitis B viruses 
alter mitochondrial dynamics or central carbon metabolism to support their replication 
[30]. Targeting the oxaloacetate-TBK1 axis by RSV NS1 is specific to the Pneumoviridae 
family. This specificity provides a rationale for the distinct clinical presentation of RSV, 
which often involves a protracted suppression of adaptive immunity and a failure to 
establish immunological memory, processes that are heavily dependent on the initial 
cytokine milieu established by the innate response [31]. Oxaloacetate limits antiviral 
immunity, presenting a therapeutic target for RSV, which lacks licensed host-directed 
antivirals. Metabolic rescue increases host cell resistance to viral infection. Unlike direct-
acting antivirals that target viral proteins and drive the selection of resistant mutants, a 
metabolic therapy would target the immutable physiology of the host cell. Cell-permeable 
oxaloacetate analogs or MDH1-stabilizing small molecules provide a means to restore the 
interferon response during viral replication. This approach makes host cells inhospitable 
to the virus, limiting spread and lowering disease severity in susceptible populations.

Our findings linking NS1-mediated oxaloacetate depletion to immune suppression are 
based on in vitro human epithelial cell models and external dataset integration. Although 
we demonstrate that metabolic supplementation rescues the antiviral phenotype in 
these cells, we did not perform direct metabolomic profiling of mitochondrial versus 
cytosolic fractions to quantify the precise flux of oxaloacetate in situ. Furthermore, while 
the convergence of signatures between RSV mutants and Influenza models suggests a 
shared mechanism, the therapeutic efficacy of oxaloacetate supplementation has not yet 
been validated in vivo animal models of RSV infection. Validating these cellular findings in 
whole organisms will determine the clinical utility of metabolic rescue.

https://www.zotero.org/google-docs/?VvjGD9
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In summary, this report establishes RSV NS1 as a critical regulator of the 
immunometabolism interface. By tracing the transcriptomic footprint of NS1 mutants to 
a specific metabolic deficit, we have mapped a novel pathway of immune evasion that 
centers on the depletion of oxaloacetate. RSV suppresses broad innate immune responses 
by exploiting the system’s reliance on metabolic signals. Future research should determine 
the structure of the NS1-mitochondrial interaction. This work can guide the clinical testing 
of metabolic rescue strategies that treat infection by restoring cellular function.

	� CONCLUSION
The RSV NS1 protein is a metabolic checkpoint inhibitor that suppresses innate 

immunity through mitochondrial oxaloacetate depletion. The metabolic blockade inhibits 
the MDH1-TBK1 signaling axis, preventing host cell detection of the virus. Transcriptional 
convergence between mitochondrial-incompetent NS1 mutants and oxaloacetate-
supplemented cells shows that restoring metabolic homeostasis restores antiviral 
defenses. This mechanism suggests a therapeutic approach for respiratory viral infections.

_________________________________________________________________________________________________
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Abstract __________________________________________________________________________________________________ 

Introduction. Head lice (Pediculus humanus capitis) is a global health problem, and it 
is more prevalent among primary school children due to its presence on the hair and 
scalp. Infestation is transmitted through physical contact and sharing combs, towels, and 
clothing.
Purpose. To determine the prevalence of head lice according to sex, age, number of 
household members, and season, as well as to investigate the effect of this parasite on 
blood parameters in participating primary school students.
Materials and methods. This study was conducted in Al-Rifai District, Thi-Qar province, 
and included 385 primary school students (105 males and 280 females) between October 
2025 and March 2026, A comprehensive examination was performed to detect infections 
using visual inspection and accurate diagnosis, Samples were then collected and 
analyzed, and blood samples were drawn for laboratory testing. A questionnaire on the 
study variables was also completed.
Results. The prevalence of head lice among males and females was 12.38% and 26.42%, 
respectively. A significant increase was observed among children aged 9–10 years 
(33.59%), while a significant decrease (16.28%) was recorded among children aged  
7–8 years. The highest prevalence was recorded in the fourth grade (35.38%), while the 
lowest was in the sixth grade (7.57%). The highest infestation rate was observed among 
students whose families consisted of more than seven members. The months of the year 
also had a clear impact on the occurrence of infestation. The highest rates of head lice 
infestation were observed during December, January, and November 26.82%, 25.97%, 
and 22.05%) respectively, with a clear decrease during February and March 17.30% and 
18.18%, respectively. The study results also indicated a significant increase in the white 
blood cell count and a decrease in total red blood cell count, hemoglobin and HCT at a 
probability level (P<0.05).
Conclusion. The direct contact between children in the school environment is a major 
cause of head lice infestation. It is less common among boys than girls and more prevalent 
among students living in large families with more than seven members. Infestations are 
most common during the winter and autumn months. Therefore, it is crucial to raise 
awareness and provide information on how to detect, control, and eliminate head lice, as 
it can affect blood parameters and, in some cases, lead to severe anemia along with other 
side effects.

https://doi.org/10.34883/PI.2026.15.2.047
mailto:afrahali803@gmail.com
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	� INTRODUCTION
Head lice (Pediculus humanus capitis) is a common health problem affecting people 

of all ages, impacting millions of children worldwide [1]. Studies have shown considerable 
variation in infestation rates, reaching up to approximately 80% [2]. This poses a significant 
health concern, causing anxiety, distress, and embarrassment for parents [3]. Head lice are 
external parasites belonging to the arthropod family, ranging in length from 1 to 3 mm, 
they have short antennae, sucking mouthparts, and three pairs of legs [4]. They are most 
prevalent among students aged 3 to 11 years and between 24 and 36 years. Individuals in 
close contact with infected persons are also at risk of infestation [5], Lice live on the scalp, 
where they feed about 4–5 times a day by injecting saliva and sucking blood directly. 
Their saliva has vasodilators and anticoagulant properties. A female louse lays about 150 
eggs during her life cycle. Nits are more easily seen than adult lice at the back of the head 
and behind the ears. Nits can survive for up to ten days, while adult lice survive for about 
three days away from the host [6]. The spread of lice depends on weather conditions, with 
infestations being more common in winter [7]. In addition, several factors influence the 
spread of lice, including age, sex, hair characteristics, parental education level, and social 
and economic standing [8].

The most important symptoms of head lice infestation are anemia, severe irritation, 
and itching of the scalp due to saliva and fecal antigens that cause an allergic reaction in 
the host [6]. Sometimes, some children do not show symptoms for one to two months 
during the initial infestation period because the allergy is delayed in responding to the 
parasite’s antigens. Therefore, a group of early symptoms such as fatigue, irritability, and 
lethargy appear in the patient, and then the head lice infestation is confirmed [3]. Direct 
contact between infected individuals is considered one of the most common ways for 
the infection to spread and occur [8]. Head lice depend on human blood for survival and 
reproduction. They feed by directly biting the capillaries in the host’s scalp. Although 
absorption and effect seem unclear, the loss of small amounts of host blood on a regular 
basis lead to iron deficiency and anemia during continuous feeding [9].

The main objective of this study is to determine the extent of lice infestation in Al-
Rifai district within Thi-Qar Province and to know the effect of other factors such as age 
group, gender, educational stages and seasonal spread of head lice on the occurrence 
of infection among primary school students. In addition, the scientific references do not 
contain data on the effect of lice on complete blood parameters and on human health 
during the period of infestation, so this study was conducted to find out if this is of clinical 
importance.

	� MATERIALS AND METHODS
This study was conducted at the beginning of the academic year, from October 2025 

to March 2026, Samples were collected from 385 students (105 males and 280 females) 
aged 7 to 12 years from Al-Rifai district in Dhi Qar Governorate. The study included 
primary school students from two schools within the lowest socioeconomic stratum 



47 "Clinical infectology and parasitology", 2026, volume 15, № 2

Immunology and Genetics of Endemics and Infectious Diseases in Iraq

of the study population. A complete census of all children was conducted, and they 
underwent lice examination at school, through careful visual inspection and the use of 
a fine-toothed comb to check the back of the neck and behind the ears for infestation 
[6, 11]. Subsequently, lice samples were collected and examined under a microscope in 
the life sciences laboratory. Blood samples (in milliliters) were then drawn from infested 
individuals (5 males and 5 females) and uninfected individuals (5 males and 5 females) 
and placed in tubes containing anticoagulant (EDT) for a complete blood count (CBC). 
Data on age, sex, school year, month of year, and number of household members were 
recorded. 

Statistical analysis
These were then analyzed using SPSS software and the chi-squared test to compare 

variables. The least significant difference (LSD) was used at a probability level of 0.05. 
Blood parameters were analyzed using the CRD randomization method in all statistical 
analyses of head lice prevalence [12].

	� RESULTS
The current study included a sample of 385 primary school students. The highest 

prevalence of head lice was recorded among females (74, 26.42%) compared to males 
(13, 12.38%), with a statistically significant difference (P<0.005), as shown in Table 1.  
A statistically significant increase in the prevalence was observed among the 9–10 year 
age group (33.59%), while a statistically significant decrease was observed among the 
7–8 year age group (16.28%) (Table 2). The highest statistically significant differences 
were recorded between third-grade students (31.74%) and fourth-grade students 
(35.38%), followed by the lowest prevalence among sixth-grade students (7.57%) 
(Table 3). No statistically significant differences were observed based on family size. 
The highest percentages 24.24% and 23.38% were recorded among families of seven 
or more members and among families of 5–6 members, and 15.78% among families of 
2–4 members (Table 1). As for the months of the year, the highest percentages (26.82%) 
were observed in December, while the lowest percentages 17.30% and 18.18% were 
recorded in February and March, respectively, without any statistically significant 
difference (P>0.05), as shown in Table 5.

The study results indicated a significant decrease in red blood cell count 
among affected males (2.84±0.20), while the decrease was less pronounced among 
affected females (2.44±0.29). A significant decrease in hemoglobin levels was also 
recorded, with the lowest levels observed in females (11.45±0.30) compared to 
males (12.45±0.40) when compared to the control group for both sexes, a significant 
decrease in hematocrit (HCT) was observed in infected males (38.92±0.42) compared 
to the control group (42.61±0.28), followed by a similarly significant decrease in 
infected females (35.74±0.32). The infection also led to a significant increase in white 
blood cell count in infected females (9.53±0.24), which was higher than in the control 
group. A similarly significant increase was observed in infected males (8.98±0.26) at a 
statistically significant level (P<0.05), as shown in Table 6.
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Table 1
Lice infestation by gender among students

Sex Non-infected (%) Infected (%) Total
Males 92 (23.89) 13 (12.38) 105 (27.27) 
Females 206 (53.51) 74 (26.42) 280 (72.72) 

P = 0.005 
Chi-Shuare = 7.831

Fig. 1. Shows the percentage of lice infestation by sex

Table 2
Lice infestation according to the age group of students

Age group Examined samples Infected samples Uninfected samples Infection (%)
7–8 130 21 109 16.28
9–10 132 43 89 33.59
11–12 123 23 100 17.96
Total 385 87 298 22.59

P=0.0029
Chi-Shuare = 11.669

Table 3
Lice infestation according to the educational stage of the students

Academic stage Examined samples Infected samples Uninfected samples Infection (%)
First grade 67 9 58 13.43
Second grade 62 12 50 19.35
Third grade 63 20 43 31.74
Fourth grade 65 23 42 35.38
Fifth grade 62 18 44 29.03
Sixth grade 66 5 61 7.57

p=0.0004
Chi-Shuare = 22.663
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Table 4
Lice infestation according to family size for students

Family size Examined samples Infected samples Uninfected samples Infection (%)
2–4 63 01 53 15.78
5–6 124 29 95 23.38
≥7 198 84 150 24.24

P=0.3717
Chi-Shuare=1.979

Table 5
Lice infestation according to the months of the year

Months Examined samples Infected samples Uninfected samples Infection (%)
October 62 13 49 20.96
November 68 15 53 22.05
December 82 22 60 26.82
January 77 20 57 25.97
February 52 9 43 17.30
March 44 8 36 18.18

P=0.7355
Chi-Shuare=2.769

Table 6
Blood parameters among students infected with head lice

Groups R.B.C
(µL/×106)

Hb
(dL/g)

H.C.T
(%)

W.B.C
(Lµ/×103)

Males
Uninfected group 4.99±0.03 a 14.65±0.58 a 42.61±0.28 a 6.72±0.35 d
Infected group 2.84±0.20 c 12.45±0.40 c 38.92±0.42 b 8.98±0.26 b
Females 
Uninfected group 4.70±0.23 b 13.48±0.27 b 38.48±0.28 c 7.23±0.16 c
Infected group 2.44±0.29 d 11.45±0.30 d 35.74±0.32 d 9.53±0.24 a
LSD 0.19 0.37 0.30 0.24

Notes: * Standard deviation ± average. * Different letters vertically indicate a significant difference between the groups at a 
probability level (P<0.05). 

	� DISCUSSION
Despite advancements in health and medical awareness, it remains a significant health 

problem in poor and developing countries [8]. As the first study to address this widespread 
problem in Al-Rifai District, the representing a prevalence rate of 22.59%. The infested 
individuals were found to be infested with immature lice, adult lice, or nits (lice eggs).

Our study is consistent with a number of studies, as it reached 13.5% among primary 
school students in Baghdad [13], and in Mosul it was found that 33.2% of children were 
infected with lice [14], while in Najaf the infection rate was 14% [15], while a lower 
prevalence of head lice was recorded among primary school children in Nasiriyah 
Governorate at 7.2% [14]. Thus, the infection rate varies considerably between different 
countries [8]. It was noted in the current study that the prevalence of head lice among 
male school students (12.38%) was lower than its prevalence among females (26.42%). 
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The reason for this difference in the prevalence of head lice infection may be attributed to 
several factors, including the length of girls’ hair, which hinders the immediate detection 
of the infection, as the eggs remain attached with the hair growth, thus causing repeated 
infections [16]. Compared to shorter male hair, there are also differences in behaviors and 
circumstances, such as direct head-to-head contact between males and females during 
sports and daily play. Females also tend to have more direct and prolonged contact, and 
lice can be transmitted via personal hygiene items such as hairbrushes and towels [17]. 
This is consistent with a study [18], and another study found that the prevalence of head 
lice among females (38.66%) was higher than among males (6.27%) [8]. This is consistent 
with a study conducted in Benghazi, where a rate of 88.1% was recorded among females 
and 67.2% among males [19]. In Iran, the prevalence of lice was 2.383% among female 
students, while it was 0.11% among male students [20]. This is also consistent with a 
study that found the prevalence of head lice to be higher among girls [21]. The researcher 
[22], in his study of the prevalence of head lice among primary school children in Kenya, 
concluded that infestation was not related to sex [23], also found that the distribution of 
head lice between females and males was very similar. Our results do not agree with those 
of a study conducted on students, which showed the highest infestation rate, at 2.74% 
among females and 3.39% among males [17].

The results showed that the 9–10 year age group had the highest infestation rate 
(33.59%), followed by the 11–12 year age group, compared to the 7–8 year age group. 

Fig. 2. Illustrates the changes in blood parameters when infected with head lice
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Our study is consistent with a study [13] conducted in Baghdad, which found that head 
lice prevalence is significantly influenced by age, with a remarkably higher rate (18.7%) 
recorded in the 8–10 year age group compared to other age groups. This is attributed to 
the fact that younger children receive care and supervision from their mothers or older 
siblings, allowing them greater independence. In addition, girls tend to have longer hair 
and are more social, increasing the likelihood of direct heads contact. Close contact with 
friends and family affects the infestation rate. Furthermore, the Iraqi education system’s 
reliance on double desks increases physical contact among primary school children, 
allowing for the transmission of lice from person to person and creating a suitable 
environment for its spread. These factors, along with others, may explain why this age 
group is more susceptible to head lice. Our study is consistent with [24], which found 
the highest infestation rate among children aged 6–12 (9.7%), with the peak at age 9. 
A study [6] conducted on girls aged 7–9 found them more susceptible to lice than girls 
aged 10–12. Another study [11] showed the highest infestation rate in the 8–9 age group, 
while the lowest rate was among children aged 12 and older. Our findings are consistent 
with those of study [25]. A study conducted in Jordan indicated a high rate of head lice 
infestation among younger children [26]. Contrary to previous studies [6], the highest 
rate of head lice infestation was found in the 10–11 age group, compared to the 6–7 and  
8–9 age groups. This aligns with the findings of the study [27]. This contradicts the results 
of several previous studies, such as the study [28], which confirmed that the highest rate 
of infestation was among elementary school children aged six.

 Our study found a strong correlation between the prevalence of head lice and school 
stage. There was a high incidence of head lice in the third and fourth grades, at 31.74% 
and 35.38% respectively, compared to other school stages. Our results are similar to the 
results of study [29], This can be explained by the fact that younger children are often 
under the care of their parents regarding hair cleaning, combing, and styling, allowing 
for early detection and quick treatment of infestations. In contrast, older children often 
rely on themselves for cleaning and combing their hair, and their mothers may not be as 
attentive to their personal hygiene. This aligns with a study [30] which found the highest 
rate of head lice infestation in the fifth grade, i.e., at age eleven, compared to other age 
groups [31], reported that the infestation rate was higher among first-grade students  
(5, 19). The infestation rate also increases in families with more than three members, as 
our study found. This is attributed to the sharing of hairbrushes, hats, clothes, and pillows 
among family members, coupled with poor personal hygiene practices and a lack of 
concern about head lice infestations. Thus, the larger the family size, the less parental 
attention is given to the children’s health, and the closer contact between individuals in 
crowded families leads to a higher rate of transmission and an increased risk of infection 
from siblings [32], also found that one of the contributing factors to the spread of 
infestation is the number of children in the family. Family and the level of healthcare at 
home and school, and this is consistent with a study [33]. This is consistent with study [31], 
which found that the highest infection rate 60% was observed in a family consisting of  
12 individuals. In contrast, study [8] found that most of those infected with head lice 
belong to families consisting of 5–6 individuals or more.

Our study results showed that infections reached their peak in December, January and 
November and decreased during February and March, as head lice usually spread in winter 
and in cold and temperate climates [34]. This is consistent with a study [15] that showed 
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that the season has a major impact on the spread of head lice. It found that students in 
winter and autumn are more susceptible to head lice compared to spring. The highest 
infection rate was recorded in January (19.91%), while the lowest rate was recorded in April 
(11.60%). This increase in the rate of head lice infestation is likely explained by the cold 
weather, which makes children wear warm clothes and hats, often sharing them with their 
siblings and classmates or leaving them in the classroom, thus increasing the chances of 
transmission. In addition, there is increased crowding in classrooms during play and rest, 
thus increasing physical contact between children. This direct contact decreases during 
March and April when the weather becomes less cold, which in turn gives children more 
freedom to play with less contact between them. The results of our study are similar to 
previous studies [7]. Moreover, a study [35] conducted in Iran reported an increase in the 
prevalence of head lice in the autumn and winter seasons with a decrease in infestation in 
the spring, while a study [36] conducted on primary school students in Egypt reported an 
increase in the prevalence of head lice in the humid climate and in the summer. Thus, there 
is a relationship between seasonal variation and the prevalence of head lice, as climate 
change affects the lifespan of head lice, their ability to reproduce, their transmission, and 
the occurrence of infection [7].

 In our current study, a decrease in the red blood cell count, hemoglobin, and HCT was 
observed, along with a clear increase in the white blood cell count. This is consistent with 
a study [15] that showed that the incidence of anemia reached (9.80%) among children 
suffering from head lice infestation. This is attributed to head lice feeding on human 
blood, which leads to iron absorption and an imbalance, causing a severe iron deficiency 
in cases of severe infestation due to head lice consuming blood more than three times 
a day. This causes fatigue and drowsiness during school classes and learning difficulties. 
Chronic infestation among school children may lead to anemia in all of them [37], in 
addition to the occurrence of common complications due to bacterial infection at the 
bite site, especially during repeated infestation [38]. Since elementary school students are 
more susceptible to head lice infestation, incorrect behavioral patterns and continuous 
scratching at the bite site lead to the impact on blood parameters and the occurrence of 
secondary bacterial infections [39].

	� CONCLUSIONS
Head lice are a major health problem in many developed countries. According to 

our study, the rate of lice infestation appears to be higher among females than males, 
especially those who are self-reliant in hygiene and personal care in crowded households. 
This can affect the general health of those infected, leading to anemia and bacterial 
infections during both cold and warm seasons.
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Abstract __________________________________________________________________________________________________ 

Introduction. Staphylococcus aureus is an opportunistic pathogen responsible for a 
variety of systemic and ocular infectious illnesses. 
Purpose. This work investigated the prevalence of S. aureus in external ocular infectious 
illnesses, determined selected virulence genes, and evaluated linked immunological 
responses via measuring serum interleukin-6 (IL-6) and interleukin-8 (IL-8). 
Materials and methods. A total of 213 ocular specimens were collected from patients 
attending Ibn Al-Haitham Hospital and private clinics in Baghdad among 3 September 2023 
and 3 March 2024. Bacterial identification was performed applying culture characteristics, 
microscopic examination, biochemical tests, and confirmation with the API-Staph system. 
Virulence genes were detected via molecular methods. Serum IL-8 and IL-6 levels were 
measured and compared with healthy controls applying statistical analysis. 
Results. Bacterial growth was observed in 122 (57.27%) samples. Gram-positive 
isolates constituted 94 (77.04%), whereas Gram-negative isolates accounted for 28 
(22.95%). S.  aureus was the predominant pathogen, representing 54/122 (40.9%). 
Clinically, conjunctivitis was the most common presentation (36%), followed via 
blepharoconjunctivitis (24%), blepharitis (16%), dacryocystitis (13%), and other 
external ocular infectious illnesses (5%). The prevalence of virulence genes was 94.5% 
for sea, 39.68% for seb, 34.92% for sec, and 28.57% for sed. Patients infected with 
S.  aureus showed significantly higher serum IL-6 (83.89±1.68 pg/mL) and IL-8 (206.81± 
16.61 pg/mL) compared with controls (67.82±4.28 pg/mL and 78.45±6.36 pg/mL; P<0.05). 
Conclusions. S.  aureus is a leading cause of external ocular infectious illnesses and is 
linked with increased expression of virulence determinants and elevated inflammatory 
cytokines, underscoring its clinical importance in ocular pathology.
Keywords: IL-6, IL-8, eye infectious illness, S. aureus, sea gene

_________________________________________________________________________________________________

	� INTRODUCTION
The eye is a highly specialized body organ that is always in contact with its environment 

and hence have a critical function as an interface among the body and external factors.  

https://doi.org/10.34883/PI.2026.15.2.048
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As such, infectious illnesses in the eye, especially those caused via microbial pathogens, are 
a major public health problem worldwide, with a higher prevalence being noted in poor 
and disadvantaged regions [1]. Infectious conditions involving the eye may compromise 
the integrity of ocular tissues and, when not accurately diagnosed or adequately managed, 
can result in visual impairment or even permanent blindness. Microbial involvement most 
commonly affects the corneal surface, eyelids, and conjunctiva, which are particularly 
vulnerable to pathogen colonization and subsequent inflammatory damage. S. aureus is 
an opportunist that infects humans’ bodies, causing both ocular and systemic infectious 
illnesses. Over the course of the day, this bacterium becomes more resistant to various 
antibiotic classes.

S.  aureus produces many virulence factors that trigger inflammatory reactions and 
tissue damage, as well as different cytokines, such as interleukin-6 (IL-6) [2]. Although it is 
mostly a proinflammatory cytokine, IL-6 can also function as an anti-inflammatory cytokine 
via inhibiting TNF-α, and it is implicated in both inflammation and homeostatic processes. 
It is IL-6 that have a pivotal function in T cell recruitment and B and T cell synthesis during 
inflammation and delayed T cell death [3]. Furthermore, IL-8 have a function in attracting 
T cells, Basophils, and Neutrophils [4]. Research has demonstrated that TNF-α triggers 
the production of IL-8, whereas IL-10 suppresses its production. IL-10 is a cytokine that 
is anti-inflammatory that have a vital function in controlling immunological responses. 
IL-10 inhibits the production of proinflammatory cytokines like IL-6 and decreases the 
expression of Major histocompatibility complex (MHC) class II molecules, T helper type 1 
cytokines and TNF-α [5].

	� MATERIALS AND METHODS 
Collection of samples
A total of 213 clinical specimens were collected from patients who presented 

symptoms of ocular infectious illnesses at the ophthalmic consultation clinic of Ibn Al-
Haitham Hospital in Baghdad. The samples were collected from three anatomical sites of 
the eye, including the eyelids, cornea, and conjunctiva. The work was conducted among 
April and August 2024. Ethical and administrative clearance to carry out the research was 
approved via the Baghdad Health Directorate. The participants of both sexes were chosen 
applying simple random sampling. The number of samples was computed applying an 
established statistical formula [6]:

Z1–α/22p(1–p)

d2
 .

Applying the level of significance of 5% (p=0.05), the Z1-α/2 value of A standard 
ordinary variate was 1.96, and with a level of significance of 1% (p=0.01), it was 2.58. 
The algorithm uses a p-value of 1.96 because, as is customary in research, p-values 
below 0.05 are assumed to be statistically significant. In this equation, p stood for the 
predicted population proportion according to earlier studies [7], and d for the researchers’ 
documented absolute inaccuracy or precision. To summarise, depending on the type 
of illness, a sample was taken from either eye via having the patient look upward while 
lowering their eyelid. To delicately remove discharge from the eye, a sterile cotton swab 
was dampened with sterile normal saline before usage. Applying gentle pressure, the 
lower conjunctive sac was massaged from side to side and back again with the swab [8].
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Isolation of S. aureus
The bacterial cultures were grown on various selective and differential media. These 

media were blood agar, MacConkey agar, and mannitol salt agar. The last medium is 
specific for the isolation of S.  aureus bacteria. Incubation of the cultures was done at  
37 °C for 24 hours. Identification of the bacteria was done via assessing the colony features 
of the bacteria. 

Molecular work
A commercial kit (PrestoTM Mini gDNA Bacterial Kit, Geneaid, Thailand) was used 

to extract deoxyribonucleic acid (DNA) for use in polymerase chain reaction (PCR) 
experiments. We followed the manufacturer’s instructions to extract DNA of the S. aureus 
isolates. The electrophoresis tank was prepared for electrophoresis on agarose gel via 
adding 1x Tris-borate-EDT (TBE) buffer. The agarose tray was then submerged in the tank. 
The buffer was made to sit a few millilitres above the surface of the agarose. The tank was 
filled and sealed after 5μl of specimen and 2 μl dye fluorescence were added to each well. 
A gel run under electrophoresis gradient of 70 volts/cm was used for the experiment. The 
agarose was removed off the tank and shown applying gel paper.

Primers were optimised via mixing 2.5 µl of master mix along with 5–6 µl DNA 
molecules and 1  µl of forward along with revers primers. Primers from different gene 
grades were selected, and the PCR annealing temperatures have been set at 55 °C, 58 °C, 
and 52 °C, respectively, for the SeA, Seb, Sec and Sed genes. Following the manufacturer’s 
recommendations, a mixture of 12.5 ml master mix, 5–6 ml DNA, 1 ml reverse and forward 
primers, and 20 ml of nuclease-free deionised water was used to detect the selected 
genes. In order to identify the target genes, the PCR cycle program parameters were 
recorded (Table 1) [9].

Table 1
Primer sequences and amplification characteristics of enterotoxin genes detected via PCR

Gene Primer 
name Primer sequence (5′–3′) Gene 

location
Amplicon 
size (bp)

sed
F CGAATAATAGGAGAAAA TAAAAG 492–514

278
R ATTGGTATTTTTTTCGTTC 750–769

seb
F GTATGGTGGTGTAACTGAGC 666–685

164
R CAAATAGTGACGAGTTAGG 810–829

sea
F GGTTATCAATGTGGGTGG 349–368

102
R CGGCACTTTTTTCTCTTCGG 431–450

sec
F AGATGAAGTAGTTGATGTGTATGG 432–455

451
R CACACTTTTAGAATCAACCG 863–882

Notes: * F – Forward; R – Reverse.

Immunological work
The ELISA kits’ methods are the Sandwich-ELISA. There are IL-6, IL-8 specific antibodies 

pre-coated on the microplate wells. According to the manufacturer’s instructions.
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Statistical analysis
The data was analyzed applying the Statistical Package for the Social Sciences (SPSS), 

version 20. Chi-square test was employed to test the differences among categorical 
variables. A probability level of P<0.001 was considered statistically significant [10].

	� RESULT
Prevalence of bacteria among various eye infectious illnesses
Bacteria were recovered from 122 of the 213 ocular specimens that were processed for 

culture (57.27%). In this investigation, no mixed bacterial isolate per patient was discovered. 
Of the isolated bacteria, 94 (77.04%) belonged to the Gram-positive groups, while the 
remaining 28 (22.95%) belonged to the Gram-negative groups. S. aureus accounted for  
54 isolates (27.9%) from the previous groups, with CoNS and S. pneumoniae with 30 (19.7%) 
and 8 (8.8%) isolates, respectively. P. aeruginosa was the most common isolate from the 
latter groups, accounting for 9 (6.8%), followed via K. pneumoniae with 8 (6.1%). The age of 
the patients affects the range of the bacterial isolate. Table 2 shows that the majority of the 
bacterial isolates were obtained from patients aged one month to two years.

Table 2
Distribution of Gram-positive bacterial isolates among different age groups of patients with ocular 
infectious illnesses

Bacterial isolate 0–2 years 3–16 years 17–45 years >45 years Total
S. aureus 20 10 12 12 54
Coagulase-negative staphylococci (CoNS) 10 6 7 2 25
Streptococcus pneumoniae 5 5 1 0 8
Streptococcus pyogenes 2 0 1 1 4
Streptococcus agalactiae 1 1 0 1 3

Prevalence S. aureus among different types of eye infectious illnesses
The prevalence of S. aureus among different eye infectious illnesses was displayed in 

Table 3. Conjunctivitis 23 (43%) had the largest percentage of S. aureus infectious illnesses 
in the current investigation, these bacteria can be regarded as one of the main agents 
of community-acquired S. aureus infectious illness in eye disease. Blepharoconjunctivitis 
was next, with S.  aureus infectious illnesses occurring there most frequently 15 (27%), 
then blepharitis 8 (15%), dacryocystitis, 5 (9%), While the lower incidence was 3 (6%) in 
external eye infectious illnesses.

Table 3
Clinical distribution of S. aureus isolates among different types of ocular infectious illnesses

Type of ocular infectious illness Number of isolates Percentage (%)
Conjunctivitis 23 36
Blepharoconjunctivitis 15 24
Blepharitis 8 16
Dacryocystitis 5 13
Other external ocular infectious illnesses 3 5
Total 54

Note: * Highly significant difference (P<0.01).
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Conventional PCR screening for virulence gens of S. aureus
All 54 S. aureus isolates were screened for the presence of staphylococcal enterotoxin 

genes A–D (sea, seb, sec, and sed). The outcomes, presented in Figure 1 and Figure 2, 
demonstrated variable distribution patterns of these virulence determinants. The sea 
gene showed the highest prevalence (94.5%), followed via seb (39.68%), sec (34.92%), and 
sed (28.57%). 

Fig. 1. Prevalence of virulence-related genes of S. aureus

Fig. 2: Agarose gel electrophoresis for amplification of (a) 162 bp bands of sea gene (1–9 lanes positive); 
b) 164 bp of seb gene (1, 2, 4, 5, 8 and 9 lanes positive) of S. aureus. M: Marker ladder (50-1000 bp)
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Levels of interleukin IL-6, IL-8 in patients with S. aureus infectious illness
Serum IL-6, and serum IL-8 were significantly elevated compared to controls in infected 

with S.  aureus group, whereas Serum IL-6 (83.89±1.68) and Serum IL-8 (206.81±16.61), 
were significantly higher in infected with S. aureus infectious illness group as compared to 
Control (67.82±4.28 and 78.45±6.36); however, there was a significant difference (P<0.05) 
in serum concentration of IL-8 and IL-6 (Table 4).

Table 4
Comparison of serum IL-8 and IL-6 concentrations among patients with ocular infectious illness and 
healthy controls

Work groups IL-6 (pg/mL) IL-8 (pg/mL)
Control 67.82±4.28 78.45±6.36
Patients 83.89±1.68 206.81±16.61
t-test 3.98 7.21
P value <0.0001 <0.0001 

	� DISCUSSION
This outcome is similar to one from an earlier work carried out in Iraq [11]. Nevertheless, 

the outcome is less than the prevalence-which has been recorded from other sources 
and ranges from (74% to 88%) [12]. This resulted of work is agree to a work with [13]. 
S. aureus, Streptococcus pneumoniae, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Enterobacter aerogenes, Proteus mirabilis, Citrobacter freundii, and Streptococcus spp. 
were identified as causative agents of eye infectious illnesses. Additionally, a work via [14] 
reported that (9%) of cases of conjunctivitis were caused via S. pneumoniae. The high 
prevalence of S.  aureus infectious illnesses can be attributed to their normal presence 
on the skin as part of the normal flora. However, they can become pathogenic in some 
situations, such as immunocompromised individuals with long-term illnesses, and can 
result in infectious illnesses of the eyelids, cornea, and conjunctiva. These bacteria can 
also be transmitted via contaminated hands, and have virulence factors such as enzymes 
and toxins (e.g., protease and lipase). S. epidermidis is also part of the normal skin flora, 
but can cause infectious illnesses in hosts with weakened immune systems [15]. The 
presence of various bacterial species causing external ocular infectious illnesses indicates 
variations in environmental conditions, age, personal practices of hygiene, and the 
location of infectious illness. The low occurrence of Gram-negative enteric bacteria in 
this work may be attributed to effective personal hygiene since the primary transmission 
mode for enteric pathogenic organism is through fecal-oral contamination of the eye. 
Furthermore, previous studies have shown that wearing contact lenses is the main cause 
of Gram-negative bacterial ocular infectious illnesses [16]. Some of the patients in the 
current work had a history of contact lens wearing 9 (16%).

Findings from this investigation indicated that S.  aureus obtained from ocular 
infections may serve as a source of opportunistic pathogens associated with ophthalmic 
disorders. Therapeutic administration of antibiotics for eye-related or systemic infections 
may disrupt the normal microbial balance, thereby promoting the proliferation of 
staphylococcal species within the ocular environment. Moreover, many S. aureus isolates 
exhibit substantial antimicrobial resistance, and this characteristic can contribute to the 
emergence or persistence of ophthalmic complications following antibiotic exposure. 
The increased occurrence of S. aureus in eye infections may therefore be associated with 
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more pronounced disease severity and poorer clinical outcomes. The current percentages 
of isolated S.  aureus are consistent with those reported via [17], who discovered that 
36 (33.8%) had conjunctivitis, while 19 (26.8%) had blepharitis and 12 (16.9%) had 
external eye infectious illnesses. Additionally, in line with the results of [18], 110 patients 
presenting to a hospital with a range of eye ailments showed a prevalence of S. aureus in 
the blepharoconjunctiviti of (21%) and conjunctivitis of (11%). Because of the variety of 
the normal flora and the healthy carriage of S. aureus in specific patient groups, the case 
for S. aureus in the pathogenesis of eye illness is difficult to make. However, doctors should 
take into account the possibility that this bacterium contributes to eye mucosal symptoms 
given the high frequencies of S.  aureus recovery in patients with symptoms like pain, 
burning, erythema, and swelling. the frequency of S. aureus because the infectious illness 
of the exterior eye structures may have originated from a transient contamination of the 
patient’s hand. Frequent hand and face washing with antimicrobial or nonantimicrobial 
soap is one of the sanitary and hygienic practices that can lower the number of bacteria 
that colonize the face, which in turn reduces the number of transitory organisms [19].

It has also been well documented that S. aureus is capable of producing a range of 
staphylococcal enterotoxins, abbreviated as SE, which have the potential to cause food 
poisoning-like symptoms after consumption. Apart from the toxicity, these enterotoxins 
have also been identified as significant virulence factors and may be responsible for the 
pathogenesis of toxic shock syndrome-like conditions. A previous local study identified 
the detection rate for the sea and seb genes at 86.78% and 52.2%, respectively [20, 21]. 
Consistent with these observations, the sea gene was found to be the most frequently 
detected enterotoxin gene compared with seb, sec, and sed, as also demonstrated in the 
present study. The toxic shock syndrome toxin (TSST), encoded via the tst gene [22], was 
identified in 35.13% of the examined S. aureus isolates. Regarding the sec gene, delta-
hemolysin is a peptide consisting of 26 amino acids encoded via this locus, although 
the precise mechanism of delta-toxin secretion remains unclear [23]. The markedly high 
occurrence of the sea gene observed in this work (100%) is in agreement with previous 
findings that also reported similar detection rates [24, 25]. Variability in the distribution 
of S. aureus virulence genes may occur across different geographical regions, between 
cities within the same country, and even among hospitals or clinical departments within 
a single healthcare facility. Such heterogeneity has been attributed to differences in 
bacterial carriage patterns and environmental contamination in hospital settings, both of 
which may facilitate the development and transmission of infectious diseases.

A significant immune response, including the production of pro- inflammatory 
cytokines like interleukin-6 (IL-6) and interleukin-8 (IL-8), is induced via infectious illnesses 
with S. aureus. The results of this work demonstrate that levels of IL-8 and IL-6 are higher in 
S. aureus infected patients when contrasted with healthy controls. According to multiple 
studies, those infected with S. aureus show far greater levels of IL-6 in their bloodstream 
compared to people infected with other bacterial infectious illness [26]. Ngo et al. [27] 
found that keratinocytes secreted significantly more IL-8 and IL-6 than normal, which was 
a marker and indication of the severity of the infectious illness. An increased generation 
of pro- inflammatory cytokines was observed in animal models that contained MRSA, 
suggesting a robust immune response that may be linked to the virulence of S. aureus 
strains [28]. Extensive research has been conducted on the involvement of IL-6 to the 
disease processes of the eye. The absence of IL-6 has been linked to the worsening in 
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inflammation of the skin in a live model of mice [29]. Additionally, low levels of IL-6 in the 
eye have been connected to the worsening of atopic dermatitis, which is a skin disorder 
that is linked with a tendency for S. aureus colonization and infectious illness. Conversely, 
individuals with psoriasis have a lower likelihood of contracting S.  aureus infectious 
illnesses. This skin condition is linked to increased levels of IL-6, which could serve as a 
possible focus for psoriasis treatment [30]. IL-6 have a vital function in connecting the 
innate and acquired immune responses in the skin’s immunological function [31]. IL-8 have 
a function in attracting immune cells to start and continue the cascade of inflammatory 
responses. Several types of immune cells, including keratinocytes, endothelial cells, 
dermal macrophages, mast cells, T lymphocytes, and neutrophils, have IL-8 binding sites. 
The chemotactic capabilities have been ascribed to particular processes, including the 
migration of cells and wound healing [32]. Multiple investigations have demonstrated 
that an infectious illness of keratin cells with S. aureus trigger the production of IL-8 [33]. 
IL-8 has been shown to have a vital function in attracting neutrophils, which are necessary 
for eliminating germs, in a mouse model of S. aureus colonization/infectious illness [34]. 
The outcomes may have implications for comprehending the interaction among the host 
and bacterium, which could contribute to the establishment of S.  aureus colonization. 
Previous research has shown that individuals who carry the bacteria S. aureus for a long 
time have lower levels of antimicrobial peptides, particularly human β defensin-3(hBD-3), 
compared to those who do not carry the bacteria. This difference in expression is linked 
with genetic variations in the DEFB1 gene [29]. Furthermore, the immune response 
mediated via Th1/Th17 cells in peripheral blood was less significant in individuals who 
carry S. aureus persistently compared to those who do not carry it, when stimulated with 
live S. aureus in a laboratory setting [35]. Septicemia is a condition characterized via the 
presence of bacteria in the bloodstream. The cytokine response, specifically IL-6, has been 
proposed as both a primary indication and a biomarker of intensity [26]. The response 
of cytokines in S. aureus bloodstream infectious illness similarly includes an increase in 
IL-6 initially in the infectious illness, even though the levels are lower compared to those 
observed in Gram-positive bacteria sepsis [37]. A previous work indicated that the levels 
of IL-6 decrease more quickly in those who survive sepsis compared to those who do 
not survive, within a 96-hour timeframe, thereby confirming its predictive significance 
[27]. Nevertheless, in the investigation via [38] on Septicemia caused via S. aureus, where 
cytokines were evaluated for an extended duration, the levels of IL-6 fell to comparable 
levels in both complex and uncomplicated cases of S.  aureus infectious illness in the 
bloodstream via the seventh day after laboratory diagnosis. However, a notably increased 
IL-6 level at the time of diagnosing S. aureus bloodstream infectious illness seems to be 
linked with a worse outcome.

	� CONCLUSION
An increase in the levels of interleukin-6 and interleukin-8 was observed, but the 

significant and highly elevated increase in interleukin-8 is an indication of an immune 
response, as it haS an effective function in attracting cells to the site of infectious illness 
due to its binding regions for most immune cells.
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Abstract __________________________________________________________________________________________________ 

Introduction. HIV/AIDS continues to be a significant medical problem worldwide. An 
effective and safe vaccine remains a high priority. Most HIV vaccine candidates to date 
have failed to elicit effective immune responses that are necessary to control HIV infection.
Purpose. to design new mucosal CD8+ T cells based HIV vaccine using recombinant 
influenza viruses to deliver HIV-1 Gag197-205 and Tat17-25 epitopes in order induce specific 
mucosal HIV-1 CD8+ T cells to control HIV-1 replication and dissemination.
Materials and methods. This study project used influenza viruses as mucosal live vaccine 
vector to stimulate effective CD8+ T cell immunity. Recombinant influenza A virus, H3N2 
(HK-X31) and H1N1 (A/PR8/8/34) expressing defined mouse HIV-1 CD8+ T cell epitopes 
(H-2Kd Gag197-205 and H-2Kd Tat17-25) in the neuraminidase (NA) stalk were generated using 
reverse genetics and administered as a prime boost vaccine within various mucosal routes 
of vaccination, intranasal-intranasal, intravaginal-intravaginal, intranasal-intravaginal 
and intravaginal-intranasal vaccination in BALB/C mice. Following those prime-boost 
vaccinations, tetramer and intracellular cytokine staining assays used for detection 
of specific CD8+ T cell immune response in harvested organs, spleen, bronchoalveolar 
lavage (BAL), mediastinal and inguinal lymph nodes 
Results. An induction of CD8+ T cells targeted H-2KdGag197-205, compared to no CD8+ T cell 
responses specific for H-2Kd Tat17-25 in recombined influenza-HIV vaccinated BALB/c mice. 
Also, comparable HIV and endogenous influenza specific CD8+ T cell responses following 
intranasally-intranasally prime boost vaccination in harvested lymphoid tissues, spleen, 
bronchoalveolar lavage and mediastinal lymph nodes compared to inguinal lymph nodes 
which included a high proportion of specific CD8+ T cell immune response following 
intravaginal-intravaginal prime boost infection. 
Conclusion. Intranasal prime boost vaccination as one of the mucosal routes of vaccination 
using recombinant influenza viruses as mucosal viral vectors of HIV vaccine in BALB/c mice 
has an important role in stimulating both specific and mucosal CD8+ T cells within a high 
level and these cells would be important for migration of mucosal specific CD8+ T cells 
given the mucosal acquisition of HIV infection and control of HIV-1 virus dissemination 
through mucosal compartments. 
Keywords: prime boost HIV vaccination, recombinant vaccine vector, mucosal CD8+ T 
cell, immune response, BALB/c mice
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	� INTRODUCTION
More than 91.4 million individuals have been infected in HIV infection, with 40.8 million 

infected persons are living with it. Moreover, more than 2.6 million new cases of infection 
are reported every year [1, 2]. Most cases of infection are located in the developing world, 
and nearly half of these individuals have died, especially in under developing countries 
[3]. The generation of a safe and effective HIV-1 vaccine remains the most likely approach 
to control HIV infection in human [4]. There have been many trials to develop new HIV 
vaccine candidates during the last 30 years, including DNA vaccines, recombinant vectored 
and subunit vaccines, mostly in non primate animals, such as macaques. However, four 
candidate vaccines have been tested in human with no significant efficacy for 3 of these, 
but one Thailand in 2009 (RV144: phase III) elicited a moderate level of protection against 
HIV (31%). As mucosal surfaces of human and animal body are considered the main 
portal of entry for most pathogenic viruses, therefore the main target to control mucosal 
transmission of these viral infections is the induction of mucosal immune response [5]. 
Moreover, it is a highly recommended of effective HIV vaccines to be able for induction 
of specific CD8+ T cells responses by targeting highly conserved regions of HIV-1 virus, 
which would be more effective in control virus replication.

Also, HIV-1 specific CD8+ T lymphocytes play an effective role in preventing replication 
of virus through mucosal surfaces, such as genital mucosa, resulting in control of HIV 
infection. For example, seronegative, resistant Kenyan sex workers have a high level of 
mucosal cytotoxic CD8+ T cells, compared to infected groups of sex workers [6]. Also, it 
is indicated that HIV-1 resistant individuals are similarly characterized by high levels 
of granzymes and perforin, leading to high cytolytic activity of cytotoxic CD8+ T cells. 
Additionally, there is a negative correlation between HIV-1 RNA copy number and the 
level of specific HIV-1 CD8+ T cells [7]. 

Moreover, there is highly significant proportion of HIV-1 Gag+ mucosal CD8+ T cells 
detected in rectal mucosa of non-viremic group of HIV-1 patients compared to another 
groups of HIV-1 chronic patient groups. This confirmed that the broadly mucosal HIV-
1 Gag CD8+ T cells in mucosal tissues induced against conserved regions of HIV Gag 
epitope has a critical role to control HIV-1 viral load compared to another parts of body 
[8]. Also, as a response to high conserved regions of HIV-1 Gag epitopes, broadly Gag+ 
CD8+ T cells are controlling viremia in HIV-1 infected individuals compared to CD8+ T cells 
induced in response to variable regions of HIV-1peptides [9]. According to all previous 
mentioned roles of HIV CD8+ T cell in control of HIV-1 replication and transmission, 
therefore our project’s goal was to design new mucosal CD8+ T cells based HIV vaccine 
using recombinant influenza viruses to deliver HIV-1 Gag197-205 and Tat17-25 epitopes in order 
induce specific mucosal HIV-1 CD8+ T cells to control HIV-1 replication and dissemination 
through mucosal compartment preferred by HIV virus entry.

	� MATERIALS AND METHODS
Rescue of recombinant influenza-HIV Gag197-205 and influenza-HIV Tat17-25
Two strains of laboratory influenza viruses, and X31 (H3N2) and PR8 (H1N1) have 

been used in the reverse genetics’ strategy. Cloning work included a design of specific 
forward and reverse primers necessary for generation of HIV epitopes, such as Gag197-205 
AMQMLKETI (5’GCC ATG CAA ATG TTA AAA GAG ACC ATC 3’) and Tat17-25 QPKTACTNC (5’CAG 
CCT AAA ACT GCT TGT ACC AAT TGC 3’, and amplification of new PR8-NA and X31-NA gene 
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segments inserted with the generated HIV-1 epitopes (Gag197-205 and Tat17-25), ligated with 
pHW2000 plasmid and used as one segment of the eighth segments of new modified X31 
or PR8 influenza viruses. 

The cloning work involved amplification with PCR for cloning sequences of Gag197-205 
 into NA segment using specific designed primers, included forward primer for short 
fragment, Bm-NA-1–F: 5’TAT TCG TCT CAG GGA GCA AAA GCA GGA GT-3’; Reverse primer 
for short fragment , X31-NA197(45)R: 5’-GAT GGT CTC TTT TAA CAT TTG CAT GGC GGA 
GTC GCA CTC ATA TTG CTT AAA ATG CAA TG-3’; forward primer for large fragment,  
X31-NA197(45)F: 5’-GCC ATG CAA ATG TTA AAA GAG ACC ATC CCC GCG AGC AAC CAA GTA 
ATG CCG TGT GAA-3’; and reverse primer for large fragment, Bm-NA-1413R: 5’ATA TCG TCT 
CGT ATT AGT AGA AAC AAG GAG TTT TTT-3’

Detection of recombinant influenza viruses in harvested allantoic fluids
RNAs were extracted using the RNeasy Mini Kit (Qiagen) as mentioned previously by 

[10]. After that, extracted RNAs were treated with RQ1 DNase (Promega) before converted 
to cDNA in order to avoid any genomic DNA of interference with IL-15 expression, and 
then, purified RNA of modified recombinant influenza viruses were reverse transcribed 
by adding the extracted RNA to an RNase- free PCR tube in a volume of 10 µl and to this 
was added 2 µl of 10× reverse transcriptase buffer (RT buffer), 2 µl dNTP mix, 2 µl of 10 µM 
oligo-dT primer (or BmNA-1 forward primer), and 1µl of Omniscript reverse transcriptase), 
and 3 µl RNA mixed well, before incubation for 60 min at 37 ºC. An aliquot of the resultant 
cDNA (5 µl) was mixed with 10 µl of 1 × phusion master mix, 2 µl of each forward and 
reverse primer (BmNA-1 and BmNA-1413), and 1 µl of nuclease free water, and subject to 
the PCR2 cycling conditions (Table).

Table 1
Conditions for PCR reactions: A) Standard PCR conditions used in cloning work, B) Conditions for the 
recombinant PCR reactions to generate the modified NA gene segments

Step of reaction
А) Standard PCR conditions Temp. Time Cycle number

1 94 °C 4 min 1
2 94 °C 20 sec

303 57 °C 30 sec
4 72 °C 2 min
5 95 °C 1 min

16 57 °C 1 min
7 72 °C 7 min
8 4 °C Hold
Step of reaction
B) Recombinant PCR conditions Temp. Time Cycle number

1 94 °C 2 min
22 55 °C 30 sec

3 72 °C 2 min
4 94 °C 30 sec

335 59 °C 30 sec
6 72 °C 2 min
7 72 °C 7min 1
8 4 °C Hold
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Vaccination and infection of BALB/C mice
Six-eight weeks old BALB/c mice were purchased from the Animal Resources Centre 

(ARC) and then housed under daily observation and monitoring program until adaptation 
before they inoculated with the recombinant influenza vaccines strains following 
environmental adaptation. The vaccination program followed various vaccine strategies 
to stimulate CD8 T cell responses. i) Intranasal administration of 30 µl (1×104 PFU)  
recombinant influenza vaccine (X31-NA-Gag197-205) as a prime dose, followed 6 weeks 
later by intranasal immunization with 30 µl (50 PFU) PR8-NA-Gag197-205. ii) Intravaginal 
administration of 30 µl (1×104 PFU) recombinant influenza vaccine (X31-NA-Gag197-205) as 
a prime dose, followed 6 weeks later by intravaginal immunization with 30 µl (50 PFU) 
PR8-NA-Gag197-205. iii) Intranasal administration of 30 µl (1×104 PFU) recombinant influenza 
vaccine (X31-NA-Gag197-205) as a prime dose, followed 6 weeks later by intravaginal 
immunization with 30 µl (50 PFU) PR8-NA-Gag197-205, and iv) Intravaginal administration 
of 30 µl (50 PFU) PR8-NA-Gag197-205 as a prime dose, followed 6 weeks later by intranasal 
immunization with 30 µl (1×104 PFU) recombinant influenza vaccine (X31-NA-Gag197-205). 

Statistical analysis
The data of the present study was statistically analysis by using SPSS version 26, based 

in using independent sample t test and One way ANOVA at p. value [11].

	� RESULTS
Novel vaccine strain of recombinant influenza viruses expressing HIV-1 Gag197-205
Many previous trials of vaccination procedures in mice and other laboratory animals 

have been applied using live recombinant vectors expressing specific genes inserted 
into these vectors by a novel strategy named reverse genetics reverse genetics. As one 
of the most recommended viruses used in this strategy, influenza A viruses were used to 
generate recombinant influenza viral vectors, in which specific functional exogenous and 
endogenous nucleotides of HIV CD8+ T cell epitopes inserted into the NA stalk of influenza 
viruses, such as PR8 (H1N1) and X31 (H3N2). In order to evaluate CD8+ T cell immune 
response induced in mice as a result of stimulated NP+ and HIV specific epitopes, the 
amplified new generated recombinant influenza viruses expressed specific HIV-Gag197-205 
epitopes need to be titred for detection of the viral dose in order to use in primary and 
secondary influenza infection of BALB/C mice. Therefore, a sample of the harvested 
allantoic fluids was subjected to HA assay to confirm successful amplification of the 
rescued viruses. Also, all of these rescued viruses used in a plaque assay in order to detect 
the optimum dose of these viruses used in infection of mice.

In this study, influenza viruses were used as a live vector for delivering HIV-1 Gag197-205 
into mucosal areas through a prime boost infection in BALB/c mice in order to induce 
both HIVGag197-205 and influenza NP147-155 specific CD8+ T cell response. For evaluation of 
immuno-efficacy of the recombinant modified vaccine and its ability to induce specific 
immune response against HIV and influenza epitopes, various procedures of vaccination 
were performed in a mouse model in order to obtain which one of these procedures is 
the best procedure to enhance HIV specific and mucosal immune response. Accordingly, 
BALB/c mice were infected intranasally (i.n) as a primary infection using the modified 
X31-NA-Gag197-205 and X31-NA-Tat17-25 individually in order to test the ability of single 
dose of the recombinant influenza-HIV vaccine to stimulate specific CD8+ T cell immune 
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responses and according to results of induced CD8+ T cell immune response against 
HIVGag197-205 following primary intranasal infection, there was no detected HIVGag197-205+ 
CD8+ T cells response in the group of BALB/c mice of intranasally infected with X31-NA-
Tat17-25 compared to a clearly detected immune response induced for HIVGag197-205 in the 
intranasal primary infected mice with X31-NA-Gag197-205 (data no shown). Therefore, we 
continue our plan of next experiment with X31-NA-Gag197-205 and PR8-NA-Gag197-205 only. 
While, the next step was the prime boost infection of BALB/c mice using the modified 
recombinant influenza-HIV vaccines within different routes of infection, intranasally or 
intravaginally as previously mentioned in the method section.

To characterise the quality of cellular immune response for both influenza NP147-155 
and HIVGag197-205 specific CD8+ T cells induced by different mucosal routes of vaccination 
including primary and secondary infection of BALB/C mice, the intracellular cytokine (ICS) 
was used.

	� DISCUSSION
As a result of failure of most traditional viral vaccines, such as whole killed or live 

attenuated virus vaccines to induce an appropriate immune response for protection 
against HIV-1 virus infection, new strategies are required to induce protective immune 
responses. One of these strategies is reverse genetics which involved the recombinant 
vectors delivered HIV-1 genes, peptides or epitopes to induce immune response 
necessary to control HIV-1 progression [12, 13]. Reverse genetics is a powerful strategy 

A) Spleen B) MedLN

D) ILNC) BAL

Fig. 1A. This figure showed that induced CD8+ T cells specific for Gag197-205 and NP147-155 were equivalent 
as a proportion of specific CD8+ T cells (Figure 1B) and the higher level of induced cells was detected 
following each last intranasal dose of infection, within a high significant difference following two 
intranasal doses of vaccination which was clearly detected in spleen (A), BAL (B) and mediastinal lymph 
nodes (C)
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A) Spleen B) MedLN

C) BAL D) ILN

A) Spleen B) MedLN

C) BAL D) ILN

Fig. 1B. This figure showed that induced CD8+ T cells specific for Gag197-205 and NP147-155 were equivalent 
as number of specific CD8+ T cells and the higher level of induced cells was detected following each 
last intranasal dose of infection, within a high significant difference following two intranasal doses of 
vaccination which was clearly detected in spleen (A), BAL (B) and mediastinal lymph nodes (C)

A) Spleen B) MedLN

D) ILNC) BAL

A) Spleen B) MedLN

D) ILNC) BAL

Fig. 2A. In this figure, there was an equivalent proportion of specific tetramer+ HIVGag197-205 and 
influenza NP147-155 CD8+ T cells induced in spleen and another pulmonary inflammatory regions or 
draining lymph nodes (as shown in Figure 2A and Figure 2B) which also showed detected levels 
of HIVGag197-205 tetramer+CD8+ T cells induced as a response to different prime boost vaccination 
strategies, however the Intranasal prime boost administration of our vaccine gave the strongest 
responses in spleen (A), BAL (B) and MedLN (C)
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used in a range of different applications, such as gene therapy and vaccines development. 
It involves manipulation of the specific genes, particular those of viral or bacterial agents, 
in order to create novel modified features. Also, reverse genetics has been applied to 
generate modified negative sense RNA viruses from cloned cDNA. Influenza viruses were 
similarly a meanable to this process to generate modified influenza viruses. This work has 
been extended to the use of the segmented genome of influenza virus as a vector for 
expressing specific antigens from other viruses to generate novel vaccines [5, 13, 14]. 

In this project, two HIV-1 epitopes were used to be delivered by two kinds of influenza 
viruses, X31 and PR8. First HIV-1 epitope derived from a highly conserved regions of 
group specific antigen, Gag197-205 as a structural protein necessary for assembly of newly 
generated virion during life cycle of HIV-1 in infected individuals [15], and the another one 
is a Tat17-25 as a regulatory protein with the ability to transmit virus from infected cell 
to non-infected cell [16, 17] which would be targeted. In this study, Influenza virus type 
A has been used as a live vector as it is considered one of the most attractive candidates 
of efficient viral vector used for expressing viral antigens, especially those targeting 
respiratory viral infections and other mucosal transmitted diseases [16, 18]. This is because 
the ability of influenza virus to infect through the mucosal regions, resulting in a broad 
and long-term immune responses [19–21]. It is also relatively easy to manipulate gene 
segments of influenza virus by reverse genetics to generate novel recombinant viruses 
for use as vaccine vectors [22]. Most of the recombinant influenza viruses generated by 
reverse genetics have involved manipulation of HA and NA genes [23]. 

A) Spleen B) MedLN

C) BAL
D) ILN

A) Spleen B) MedLN

C) BAL
D) ILN

Fig. 2B. In this figure, there was an equivalent proportion of specific tetramer+ HIVGag197-205 and 
influenza NP147-155 CD8+ T cells induced in spleen and another pulmonary inflammatory regions or 
draining lymph nodes (as shown in Figure 2A and Figure 2B) which also showed detected levels 
of HIVGag197-205 tetramer+CD8+ T cells induced as a response to different prime boost vaccination 
strategies, however the Intranasal prime boost administration of this vaccine gave the strongest 
responses in spleen (A), BAL (B) and MedLN (C)
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Previous studies of HIV vaccines in animal models were used different vectors to deliver 
specific HIV epitopes or proteins. For example, adenovirus, vaccinia virus, fowl pox viruses 
were used as vectors in various previous HIV-1 vaccine studies. All of these viral vectors 
used induced immune response in different levels; however, they were not protected 
against HIV. This is because they were not concentrated on stimulation of mucosal immune 
response, which is considered the direct way to control HIV transmission through mucosal 
surfaces. Therefore, in our study we focused on mucosal viruses to be used as a vector 
to deliver HIV epitopes. For this purpose, we chose influenza virus, this is because of the 
ability of influenza virus to induce a strong mucosal immune response particularly in the 
mucosal regions of the upper respiratory tract, which would be very sensitive to influenza 
virus infection. Moreover, there is a high link and strong connection between the mucosa 
of upper respiratory tract and of uro-genital tract mucosa, with mucosally-administered 
antigens able to illicit specific mucosal immune response in different mucosal surfaces 
[24]. Importantly, the two strains of laboratory influenza viruses were used previously to 
express HIV-1 CD8+ T cell epitopes in mice for stimulation of specific CD8 T cell immune 
response against specific HIV Env epitope [25].

Following intranasal dose of infection, X31-NA-Gag197-205 influenza infected BALB/c 
mice were showing a significant difference loss of weight started from the third day until 
the sixth day of infection which was suspected followed replication of influenza virus 
in respiratory tract mucosa as a result of protease enzyme in pulmonary mucosal area 
increasing the pathogenicity of influenza virus infection in compared to the intravaginal 
infected group of mice which not shown any detected loss of weigh as there is no enzyme 
effecting the pathogenicity of infected influenza virus, however, this is not means there 
was no induced immune response in the urogenital mucosa following influenza infection. 
Different parameters were highly recommended to use for detection of characterised 
and magnitude of specific CD8+ T cells following infection or vaccination. For example, 
IFN-γ+ production measured by intracellular cytokines and cytotoxicity assay, and the 
peptide tetramer staining assay are the mostly dominant methods used for measurement 
of immune response [26, 27].

In order to compare of different mucosal routes for prime boost infection in BALB/c 
mice, lymphocytes harvested from spleen, bronchoalveolar lavage, respiratory draining 
lymph nodes (mediastinal) and genital draining lymph nodes (inguinal) lymph nodes 
of various mucosal routes of immunized BALB/c mice were tested for production of 
cytokines, such as IFN-γ+, TNF-α and IL-2 specific for HIV-Gag197-205 and influenza-NP147-155 
epitopes of harvested CD8+ T cells stimulated five hours with each of Kd-HIV-Gag and 
Kd-flu-NP labelled peptides separately. Our results indicated that intranasal prime boost 
infection of BALB/c group of mice with the recombinant influenza viruses expressing HIV-
Gag197-205 induced a significant increase of producing IFN-g CD8+ T cells as proportion 
and number (P<0.05) in respiratory lymphoid regions, BAL and MedLN in addition to 
spleen in comparison to that of another groups of mice immunised by intravaginal–
intravaginal, or by combination of intranasal-intravaginal prime boost vaccination. While 
in ILN, there is a significant increase in IFN-γ+ produced specific HIV-Gag and NP+ CD8+ T 
cells after intravaginal-intravaginal prime boost infection compared to another routes of 
immunization. In our study, following influenza infection in mice, number of specific CD8+ 
T lymphocytes were detected by measuring the expressed IFN-γ+/CD8+ T cell induced in 
a response to specific influenza peptide stimulation, whereas function of T lymphocytes 
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immune response is detected by measuring both TNF-α+ and IL-2+ producing CD8+ T cells. 
As subsets of functional T cells, TNF-α+/CD8+ T cell population is a subset of IFN-γ+/CD8+ T 
cell and subsequently IL-2+ CD8+ T cells is a smaller subset of TNF-α+ CD8+T cells population 
[28, 29]. Also, these data shown a high increase of IFN-γ+/CD8+ T cell against both Gag 
and NP+ peptides following prime boost intranasal infection in various lymphoid organs, 
spleen, BAL, MedLN compared to other procedures of prime boost infection. While, in ILN 
the intravaginal infection was the only procedure increases antigen specific CD8+ T cells 
producing IFN-γ+ as the genital tract draining lymph nodes. As mentioned previously, both 
tetramer and ICS indicated to a detected HIVGag197-205

+ and influenza NP147-155
+ CD8+ T cells 

responses in urogenital draining lymph nodes in addition to secondary lymphoid tissues, 
spleen is an evident that both influenza virus and HIVGag197-205 antigens were recognised 
by specific CD8+ T cells and this is also supported by ability of influenza virus to replicate 
in the genital mucosa of progesterone treated mice following infection with a higher dose 
of influenza virus induced detected cytotoxic T cells in genital mucosa compared to lower 
dose of influenza virus led to low or not detected titer of replicated influenza virus with 
detected CTL response [30, 31]. 

	� CONCLUSION
According to results of this study, it is concluded that the intranasal prime boost 

vaccination as one of the mucosal routes of vaccination using recombinant influenza 
viruses as mucosal viral vectors of HIV vaccine in BALB/c mice has an important role in 
stimulating both specific and mucosal CD8+ T cells against each of Gag197-205 and influenza-
NP147-155 epitopes in compared to HIV-Tat, within a high level and these cells would be 
important for migration of mucosal specific CD8+ T cells given the mucosal acquisition of 
HIV infection and control of HIV-1 virus dissemination through mucosal compartments.
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Abstract __________________________________________________________________________________________________ 

Introduction. Staphylococcus aureus is a major opportunistic pathogen capable of forming 
robust biofilms and developing resistance to conventional antibiotic therapies, which 
contributes significantly to persistent and recurrent infections. Targeting biofilm-associated 
regulatory pathways represents a promising strategy for controlling bacterial virulence. 
Purpose. This study aimed to evaluate the anti-biofilm activity of Doxorubicin HCl 
(DOX), Sonidegib (SNG), Sciadopitysin (SCP), and Hinokiflavone (HNF) and to investigate 
their effects on the expression of the biofilm-associated genes sigB, icaA, and icaB in 
Staphylococcus aureus. 
Materials and methods. Biofilm formation was assessed using the crystal violet microtiter 
plate assay following treatment with the selected compounds. Gene expression analysis 
of sigB, icaA, and icaB was performed using quantitative real-time PCR (qPCR) to evaluate 
the molecular effects of treatment on biofilm regulatory pathways. 
Results. Phenotypic analysis revealed that DOX and SNG exhibited minimal or no 
inhibitory effects on biofilm formation (p>0.05). In contrast, SCP and HNF significantly 
reduced biofilm biomass at 512 µg/mL by approximately 93.4% (p=0.0358) and 88.8% 
(p=0.0421), respectively. qPCR analysis demonstrated significant downregulation of sigB 
and icaA expression, with fold changes of 0.659 and 0.642, corresponding to reductions of 
34.1% and 35.8%, respectively. Conversely, icaB expression was significantly upregulated, 
showing a fold change of 2.218 (121.8% increase), suggesting a potential compensatory 
adaptive response by the bacteria.
Conclusion. Sciadopitysin and Hinokiflavone demonstrated significant anti-biofilm and 
anti-virulence activities against Staphylococcus aureus by reducing biofilm formation 
and modulating key biofilm-associated genes, highlighting their potential as promising 
candidates for novel anti-biofilm therapies. 
Keywords: biofilm, hinokiflavona, icaA, Sciadopitysin, sigB, Staphylococcus aureus
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	� INTRODUCTION
The studied bacteria, Staphylococcus aureus, are the most dangerous human 

pathogens, as they are able to cause a wide spectrum of diseases, ranging from benign 
skin infections to life-threatening conditions such as sepsis and endocarditis [1, 2].  
The ability to form biofilms is an essential determinant of its pathogenicity and resistance 
to antibiotic therapy. Biofilms consist of single bacteria organized in specific structures 
that are protected from antimicrobial agents and host immunological responses by an 
extracellular polymeric substance (EPS) matrix [3]. Because of the rise in multidrug-resistant 
S. aureus strains with multigenic carriage (MRSA): Methicillin-Resistant S. aureus [4].  
In S. aureus, the alternative global stress-response σ σB factor (SigB) regulates expression 
of many genes related to biofilm formation, metabolic adaptation, and virulence [5, 6]. 
The ica operon (icaADBC) is the locus primarily involved in biofilm formation and encodes 
for these enzymes that are essential to generate the polysaccharide intercellular adhesin 
(PIA). A key component of biofilm matrix [7]. In more detail, icaA codes for N-acetylgluco
saminyltransferase, which polymerizes units of N-acetylglucosamine composing PIA, and 
icaB deacetylates PIA, modifying the negative charge and stability of the biofilm [8]. Such 
regulatory and structural genes would therefore provide a beneficial target to perturb the 
formation of biofilm, thereby diminishing bacterial virulence.

Natural products are recently shown as possible candidate agents to utilize as anti-
biofilm. By way of example, studies have shown that Ginkgo biloba exocarp extracts can 
inhibit MRSA and S. aureus biofilms by interfering with their formation and modulating 
gene expression (including downregulation of icaA and sigB) [9]. In addition, hinokiflavone 
has been identified as a reducer or preventer of the S. aureus ClpP (caseinolytic protease) 
protein, which is important to bacterial homeostasis and pathogenicity [10], indicating 
that it can be used as a potential adjuvant for S. aureus infection control. The other 
phenolic compound, sciadopitysin, also showed the possibility to be an MRSA inhibitor 
targeting penicillin-binding protein 2A (PBP2a) [11]. Altogether these results support 
the examination of natural products as functional material to inhibit S. aureus biofilm-
associated infections.

The present study was designed for a global perspective to assess the complex 
effects of four structurally distinct compounds (Doxorubicin HCl, DOX; Sonidegib, 
SNG; Sciadopitysin, SCP; and Hinokiflavone, HNF) on biofilm structure as well as the 
transcriptional dynamics at both sigB (the master regulatory gene controlling biofilm 
formation) and members of the structural ica operon (icaA and icaB). Our goal is to 
discover new anti-virulence agents that will help in the treatment of chronic infections 
with S. aureus by explaining the molecular mechanisms responsible for their actions.

	� MATERIALS AND METHODS
Supplements materials
All solutions employed in the current study and all reagents and culture media were 

purchased from commercial suppliers as indicated. Key materials included Mannitol Salt 
Agar (Oxoid, England), Brain Heart Infusion broth (Difco, U.S.A.), Luria Bertani broth (Oxoid, 
England), and other molecular biology reagents: Promega, USA; Geneaid, Thailand; and 
Alpha DNA, Columbia. The purification of DNA-Genome was performed by specific kit 
for bacteria (Presto™ Mini gDNA), RNA purification utilized the TriRNA Pure Kit (Geneaid 
Corporation).



75 "Clinical infectology and parasitology", 2026, volume 15, № 2

Immunology and Genetics of Endemics and Infectious Diseases in Iraq

Specimen Collection and Bacterial Isolation
Between January and April 2024, 200 clinical specimens (anterior nares, wound swabs, 

burn swabs, mid-stream urine, ear swabs, sputum) were collected from patients in three 
Babylon hospitals (Al-Imam Al-Sadeq, Al-Hillah Teaching, Al-Qassim General). Swabs were 
transported in Stuart transport media [12]. After being inoculated onto Mannitol Salt Agar 
(MSA), the specimens were incubated for one day at a suitable bacterial temperature of 
growth temperature. Colonies of presumed S. aureus were purified on Brain Heart Infusion 
agar.

Identification and antimicrobial susceptibility testing
Bacterial isolates were identified based on morphological features and biochemical tests 

(Gram staining, catalase, oxidase, coagulase, acetoin production, hemolysin production) 
as described by [13–15]. Molecular confirmation was performed by amplifying the  
S. aureus species-specific Sa442 gene [16]. Antimicrobial susceptibility testing and species 
identification were further confirmed by VITEK 2 system, with card for Gram-positive test, 
including antibiotics from beta-lactams, aminoglycosides, fluoroquinolones, macrolides/
lincosamides, glycopeptides, oxazolidinones, and tetracyclines. 

Bacterial preservation
Isolates were preserved for short-term storage on nutrient agar slants at 4–8 °C and 

for long-term storage at minus 20  °C in tubes contain broth of  brain heart infusion 
supplemented with glycerol about a 20% concentration, following [17].

Assay for biofilm formation 
Microtiter plate was dependent on the biofilm formation assay, which was quantified as 

described by [18]. Briefly, 96-well polystyrene microplates were inoculated with bacterial 
suspensions (McFarland standard no. 0.5) in LB broth supplemented with 1% glucose and 
incubated at a suitable bacteria temperature for growth for one day. Then washed with 
PBS, followed by methanol fixation, next stained with 0.1% crystal violet, and finally re-
solubilized with 33% glacial acetic acid. OD was detected at 600 nm by the reader. The cut-
off value was calculated as the mean OD of control wells plus three standard deviations.

Quantitative Real-Time PCR (qPCR)
The level of Genomic expression for sigB, icaA, and icaB were quantified by qPCR.  

The housekeeping gene rpoB served as an internal control. Primar sequences are described 
in Table 1.

The results analysis statistically
The results are analyzed statistically as mean ± standard error (SE), and each experiment 

was conducted in triplicate. A p-value under 0.05 was deemed statistically significant, and 
statistical significance was assessed using Student’s t-test or one-way ANOVA, if suitable. 
The 2^−ΔΔCt technique was used to calculate changes in gene expression fold [20].
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	� RESULTS
Prevalence and biofilm formation capacity of S. aureus
A total of 32/200 S. aureus isolates were identified from clinical specimens collected 

in Babylon Governorate hospitals, representing a prevalence of 16.0%. The isolates were 
predominantly recovered from wound specimens (13 isolates), followed by blood (9), 
urine (6), and respiratory samples (4) (p=0.0148). Identification was confirmed by standard 
biochemical tests and molecular amplification of the Sa442 gene (108 bp).

The capacity of biofilm formation assessed by microtiter plate assay. All 32 isolates 
(100%) were biofilm producers, with a significant dominance of strong producers 
(84.4%, 27/32), followed by weak (12.5%, 4/32) and intermediate producers (3.1%, 1/32) 
(p<0.0001).

Inhibitory effect of tested compounds on biofilm formation
The activity as anti-biofilm for Doxorubicin HCl (DOX), Sonidegib (SNG), Sciadopitysin 

(SCP), and Hinokiflavone (HNF) was evaluated at 64 and 512 µg/mL (Table 2). 
DOX and SNG did not significantly inhibit biofilm formation; instead, they showed a 

non-significant trend toward increasing biofilm biomass (p>0.05). Conversely, SCP and 
HNF exhibited potent, concentration-dependent inhibitory effects. At 512 µg/mL, SCP 

Table 1
Primers used for PCR and gene expression analysis

Target Gene Primer Direction (5′ → 3′) The Size of 
Amplicon (bp) Reference

Sa442 SA1 AATCTTTGTCGGTACACGATATTCTTCAC 108 [16]
SA2 GCGTAATGAGATTTCAGTAGATAATACAACA

icaA icaA-F CAATACTATTTCGGGTGTCTTCACTCT 102 [19]
icaA-R CAAGAAACTGCAATATCTTCGGTAATCAT

sigB SigB-F AGTGAGCGATGAACTAACCG 207 Current study
SigB-R TGGTCATCTTGTTGCCCCAT

icaB IcaB-F TGAAACACATACCCACGATTTGC 207 Current study
IcaB-R TCGGAGTGACTGCTTTTTCCT

rpoB rpoB-F CAGCTGACGAAGAAGATAGCTATGT 82 [19]
rpoB-R ACTTCATCATCCATGAAACGACCAT

Table 2
Effects of DOX, SNG, SCP, and HNF on bacterial biofilm form

Compound Con. (µg/mL) OD of Biofilm (Mean±SE) p-value (vs. Control)
Control – 1.07±0.40 –

Doxorubicin HCl (DOX)
64 2.12±0.36 0.1144
512 1.87±0.29 0.2567

Sonidegib (SNG)
64 1.47±0.45 0.7842
512 1.47±0.46 0.7834

Sciadopitysin (SCP)
64 0.72±0.18 0.5896
512 0.07±0.04 0.0358*

Hinokiflavone (HNF)
64 0.85±0.16 0.8050
512 0.12±0.02 0.0421*

Note: p≤0.05 indicates statistical significance.
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significantly reduced biofilm biomass to a mean OD of 0.07±0.04 (p=0.0358), and HNF 
reduced it to 0.12±0.02 compared to the control (1.07±0.40) with (p=0.0421). The obtained 
results are illustrated in (Fig. 1).

Transcriptional impact on biofilm-associated genes
To clarify the chemical processes behind SCP’s and HNF as anti-biofilm properties, 

the expression of the master regulator sigB and the structural genes icaA and icaB was 
quantified by qPCR (Table 3).

Fig. 1. Inhibitory effects of tested compounds on S. aureus biofilm formation

Table 3
Gene expression analysis of sigB, icaA, and icaB following treatment

Gene Ct (HKG) Ct (Target) ΔCt ΔΔCt Fold Change (2^-ΔΔCt)
sigB
Control 14.93 19.66 4.73 0.00 1.000
Treatment 14.85 19.07 4.22 –0.51 0.659
icaA
Control 14.93 24.20 9.27 0.00 1.000
Treatment 14.85 23.95 9.10 –0.17 0.642
icaB
Control 14.93 24.20 9.27 0.00 1.000
Treatment 14.85 23.95 9.10 –0.33 2.218
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Treatment resulted in a significant downregulation of sigB (Fold Change = 0.659), 
indicating repression of the general stress response. Consistent with this, icaA, responsible 
for synthesizing the polysaccharide intercellular adhesin (PIA) backbone, was also 
significantly downregulated (Fold Change = 0.642). Paradoxically, the expression of icaB, 
which is responsible for PIA deacetylation, was significantly upregulated by 121.8% (Fold 
Change = 2.218). as presented in Fig. 2.

Relative gene expression (Fold Change) of sigB, icaA, and icaB in treated S. aureus 
compare to the non-treated control, normalized to the housekeeping gene rpoB. The 
graph highlights the downregulation of sigB and icaA, and the paradoxical upregulation 
of icaB (transcriptional decoupling).

	� DISCUSSION
This study elucidated the anti-biofilm mechanisms of Sciadopitysin (SCP) and 

Hinokiflavone (HNF) against Staphylococcus aureus. Our findings demonstrate that 
both compounds significantly reduced biofilm formation at 512 µg/mL, a potent 
effect attributed to their multi-target action. This is consistent with previous studies on 
biflavonoids, which have been shown to impair the integrity of bacterial cell membranes, 
prevent ATP generation, and inhibit or obstruct quorum sensing [21]. These data 
suggest that the downregulation of sigB and icaA reflects a direct negative effect on the 

Fig. 2. Transcriptional impact of treatments on biofilm-associated genes
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transcription of genetic determinants fundamental to biofilm development, which may 
diminish the ability of S. aureus to establish and sustain chronic infections.

Considering that high percentages of the strong biofilm-producing S. aureus isolates 
(84.4%) were obtained from Iraqi hospitals, this demonstrated a great public health 
challenge and indicated that there is a selective pressure for strong biofilm formation 
within the hospitals. In this regard, SCP and HNF are promising candidates for the 
development of new therapeutic approaches, either as topical treatments or medical 
device coatings or adjuvants to existing antibiotics.

One interesting result was the paradoxical upregulation of icaB gene expression (fold 
change = 2.218) accompanied by a downregulation of icaA. This nature of in vitro data, 
also termed "transcriptional decoupling", is consistent with a mechanism for S. aureus 
to tolerate chemical stress. It could potentially operate through either increased mRNA 
stability of icaB or a hyper compensatory response, where bacteria up-regulate PIA 
deacetylation for optimal usability of the limited PIA and to maintain biofilm integrity [22]. 
Such "genetic intelligence" highlights the complex adaptive behavior of S. aureus biofilms 
and calls for therapeutic strategies that take such responsive regulatory differences into 
account. They are consistent with the known anti-virulence actions of hinokiflavone 
(inhibitor of ClpP) [10] and sciadopitysin (the PBP2a inhibitor) [11], which indicate their 
attractiveness as therapeutic agents, in line with the new framework of anti-virulence 
therapy [4]. Further studies are needed to dissect this complex signaling networks and 
facilitate the use of these phytochemicals.

	� CONCLUSION
The present comprehensive molecular and phenotypic profiling of biofilm interference 

in S. aureus by four unrelated bioactive molecules. These findings demonstrate that 
bioflavonoids Sciadopitysin and Hinokiflavone are effective inhibitors of biofilm formation 
by promoting transcriptional repression of the master regulator sigB and IcaA structural 
gene. This paradoxical upregulation of icaB further uncovers an exquisitely compensated 
mechanism, reflecting the tenacity and subtle state of instability that drives S. aureus 
biofilms. These findings highlight the potential of natural compounds as promising anti-
virulence agents for combating persistent S. aureus infections, especially in the manner of 
high antimicrobial resistance.
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Abstract __________________________________________________________________________________________________ 

Introduction. Toxoplasmosis (TS) is a common parasitic infection caused by Toxoplasma 
gondii, affecting approximately one-third of the world’s population. Breast cancer is one 
of the most common cancers worldwide and a leading cause of cancer-related mortality.
Purpose. This study aims to evaluate the impact of Breast Cancer on susceptibility to 
Toxoplasmosis by investigating the role of breast cancer-associated immunosuppression 
in increasing the risk of infection with Toxoplasma gondii.
Materials and methods. A total of participants were included in this study, comprising 
of 200 breast cancer patients whom entered oncology center of Al-Haboubi teaching 
hospital in nasiriya city (southern Iraq) between November 2025 and April 2026 and 
healthy controls consisting of 100 individuals, whose samples were collected from the 
Mammography Unit at Al-nasiriyah teaching hospital. A total of 200 breast cancer patients 
were examined for anti-Toxoplasma gondii IgG antibodies using the Enzyme-Linked 
Immunosorbent Assay (ELISA), in addition to a control group.
Results. The results showed an elevated prevalenc of anti-Toxoplasma gondii IgG 
antibodies that 36.0% of the breast cancer patients were positive for Toxoplasmosis, 
Furthermore, the patients were subjected to Polymerase Chain Reaction (PCR) analysis 
for the GSTM1 and GSTT1 genes. It was found that the deletion frequency of these genes 
was higher with breast cancer patients, particularly for the GSTM1 gene. The GSTM1-
positive genotype was detected in only 5% of breast cancer patients with toxoplasmosis, 
indicating a GSTM1 a high prevalence of gene deletion. In contrast, the GSTT1-positive 
genotype was observed in 28% of breast cancer patients with toxoplasmosis, Conversely, 
these genes were largely preserved in the control group, where gene deletions were 
uncommon and the positive genotypes remained predominant. The results showed that 
the highest proportion of breast cancer patients with toxoplasmosis was observed in 
the 50–59 years age group (34.0%). Patients residing in rural areas represented a higher 
percentage (65.0%) compared to those living in urban areas. In addition, non-smokers 
constituted the majority of infected breast cancer patients with toxoplasmosis (75.0%), 
exceeding the proportion of smokers. Furthermore, most breast cancer patients did not 
have any chronic diseases, accounting for 60.0% of the study population.

https://doi.org/10.34883/PI.2026.15.2.051
mailto:teeba.ms.24@utq.edu.iq
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Conclusion. Research indicates a significant correlation between local demographic 
variables and chronic disease prevalence in Thi-Qar, necessitating targeted clinical 
interventions and integrated healthcare strategies to improve regional patient outcomes.
Keywords: toxoplasmosis, GSTT1 and GSTM1 genes, breast cancer, PCR, ELISA

_________________________________________________________________________________________________

	� INTRODUCTION
Toxoplasmosis (TS) is a common parasitic infection caused by Toxoplasma gondii, 

affecting approximately one-third of the world’s population [1]. Cats are the definitive 
hosts of the parasite, and infection is mainly transmitted through contaminated food or 
water or by consuming raw or undercooked meat containing tissue cysts [2]. TS may be 
acquired or congenital and is usually asymptomatic in healthy individuals. However, it 
can cause severe complications in immunocompromised patients, including toxoplasmic 
encephalitis [3]. Congenital toxoplasmosis may lead to chorioretinitis, hydrocephalus, 
intracranial calcification, and mental retardation [4, 5].

Breast cancer is the most prevalent malignancy among women globally, representing 
23% of the 1.1 million new cancer cases diagnosed in women annually [6]. It is also the 
main cause of cancer-related deaths worldwide, with higher mortality observed in low-
resource countries. Several research studies have shown a notably higher prevalence 
of toxoplasmosis in cancer patients, particularly those with breast cancer, compared to 
individuals without cancer [7]. As one of the crucial Phase II isoenzymes, the members 
of the glutathione S-transferase (GST) family can both detect environmental toxicants 
and modulate the level of other enzymes and proteins in the cell, thus participating in 
many fundamental physiological processes of the human body. At least two of them have 
common functional polymorphisms, which are denoted as GSTT1 (θ) and GSTM1 (μ). Each 
mutation in these genes may potentially result in a loss of enzymatic function [8, 9]. Many 
investigators have reported that the GSTs play a critical role in protecting cells from various 
forms of damage [10, 11]. Moreover, GST polymorphisms have been linked to cancers of 
the esophagus, kidney, and liver, as well as glioma. Numerous studies have demonstrated 
an association between the GSTT1, GSTM1 polymorphisms, and breast cancer [12–14].

	� MATERIALS AND METHODS
Participants
This study was conducted on 200 women diagnosed with breast cancer at Al-haboubi 

teaching hospital, nasiriyah city, Thi-Qar Province, Iraq, between November 2025 and April 
2026. All patients underwent clinical and medical examinations. The study also included 
100 healthy women with no current or previous history of cancer, whose samples were 
collected from the mammography Unit of Al-nasiriyah teaching hospital. Participants who 
had received systemic antibiotic treatment within the previous three months, as well as 
those with immunodeficiency disorders or liver diseases, were excluded from the study.

Questionnaire and risk factors
Before sample collection, informed consent was obtained from all participants.  

A structured questionnaire was used to collect demographic and clinical data, including 
age, residence, and smoking and health status (chronic diseases). Information on potential 
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risk factors for Toxoplasma gondii infection was also gathered, such as cat contact, 
consumption of raw or undercooked meat, drinking water source. Breast cancer-related 
clinical information, including medical history and treatment status, was recorded when 
available.

Sampling
Five milliliters of venous blood were collected from each participant by sterile 

venipuncture using disposable syringes. The blood sample was divided into two portions: 
3 mL was transferred into a gel tube, allowed to clot at room temperature for one hour, 
and then centrifuged at 4000 rpm for 10 minutes. The separated serum was used for the 
detection of anti-Toxoplasma gondii antibodies by ELISA according to the manufacturer’s 
instructions. The remaining 2 mL were collected in EDTA tubes for molecular analysis (PCR) 
by DNA extraction for detect the mutations in the GSTT1 and GSTM1 genes

Detection of T. gondii IgG antibody 
Enzyme-linked immunosorbent assay (ELISA) for assess anti-T. gondii IgG antibodies, 

ELISA kits (Fine Test, China) were used to test all the collected sera according to the 
manufacturer’s instructions

Detection of GSTM1 and GSTT1 Gene Polymorphisms by Multiplex Polymerase 
Chain Reaction (MPCR)

Genomic DNA was extracted from whole blood samples using the SimEX Blood 
Plus DNA Extraction Kit (SIM BIOLAB) according to the manufacturer’s instructions. The 
concentration and purity of the extracted DNA were determined using a NanoDrop 
spectrophotometer. Multiplex Polymerase Chain Reaction (MPCR) was performed to 
amplify the GSTM1 and GSTT1 genes using specific primers. The GSTM1 primers were 
forward (5′-GAGGAACTCCCTGAAAAGCTAAAG-3′) and reverse (5′-CTCAAATATACGGTGGA
GGTCAAG-3′), while the GSTT1 primers were forward (5′-TTCCTTACTGGTCCTCACATCTC-3′) 
and reverse (5′-TCACCGGATCATGGCCAGCA-3′). The Albumin gene was used as 
an internal control Forward (5′-GCCCTCTGCTAACAAGTCCTAC-3′) and reverse  
(5′- GCCCTAAAAAGAAAATCGCCAATC-3′). PCR was carried out in a final reaction volume of 
50 µL containing 3 µL of genomic DNA, 25 µL of Master Mix, 1 µL of each primer mixture, 
and 16 µL of nuclease-free water. Amplification was performed with an initial denaturation 
at 94 °C for 5 min, followed by 35 cycles of denaturation at 94 °C for 30 sec, annealing  
at 59 °C for 50 sec, and extension at 72 °C for 60 sec, with a final extension at 72 °C for 
5 min. The amplified products were analyzed by electrophoresis on a 2% agarose gel 
stained with a safe DNA stain, visualized under UV light, and photographed using a digital 
imaging system

Statistical analysis
The data of the current study was statistically analysed by using SPSS version 26, 

based in using both non-parametric and descriptive chi-square for independent in p. 
value <0.05 [15].
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	� RESULTS
Evaluation of T. gondii IgG in cancer women and control group
The current study was showed a high significant difference in p. value <0.05, within 

patients and within control group, and between patient and control group, the study 
showed 36.0% of cancer women were positive for T. gondii IgG, and 12.0% in control 
group were positive for T. gondii IgG, while 64.0% negative in patient and 78.0% were 
negative in control group, as in Table 1.

Table 1
Evaluation of T. gondii IgG in cancer women and control group

Toxoplasma IgG
Positive Negative 

p. value
No. % No. %

Patient 72 36.0 128 64.0 <0.01**

Control 12 12.0 88 88.0 <0.01**

Total 84 28.0 216 72.0

CalX2=15.7, TabX2=3.84, DF=1, p. value <0.01**

The present study was recorded a high significant difference in p. value <0.05, according 
to age groups between groups, was noted the high breast cancer Patient infected with 
T. gondii in 50–59 age groups 34.0%, then 40–49 age group 26.0%, while the lowest in 
eight age group 5.0%, in contrast, the high control group in 30–39 age group 40.0%, then 
second age group 22.0%, as in Table 2.

Table 2
Distribution according to age group

Age groups, 
years

Breast cancer patient with 
toxoplasmosis Control

No. % No. %

<20 0 0.0 10 10.0

20–29 5 2.5 22 22.0

30–39 15 7.5 40 40.0

40–49 52 26.0 15 15.0

50–59 68 34.0 10 10.0

60–69 30 15.0 3 3.0

70–79 20 10.0 0 0.0

≥80 10 5.0 0 0.0

Total 200 66.67 100 33.33

CalX2=84.81, TabX2=14.07, DF=7, p. value <0.01**

The present results were recorded a high significant difference in p. value <0.05, 
according to residency, was noted the high breast cancer Patient with toxoplasmosis in 
Rural resident 65.0%, while the high control group in urban residence 85.0%, as in Table 3. 
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Table 3
Distribution according to residency

Residency
Breast cancer patient with 
toxoplasmosis Control

No. % No. %
Urban 70 35.0 85 85.0
Rural 130 65.0 15 15.0
Total 200 66.67 100 33.33
CalX2=52.08, TabX2=3.84, DF=1, p. value <0.01**

The present study was recorded a high significant difference in p. value <0.05, 
according to smoking status between groups, was noted the high breast cancer Patient 
with toxoplasmosis were non-smoker 75.0%, while only 25.0% were smoker, also, the high 
control group were non-smoker 95.0%, while only 5.0% smoker, as in Table 4.

Table 4
Distribution according to smoking

Smoking 
Breast cancer patient with 
toxoplasmosis Control

No. % No. %
Non-smoker 150 75.0 95 95.0
Smoker 50 25.0 5 5.0
Total 200 66.67 100 33.33
CalX2=15.44, TabX2=3.84, DF=1, p. value <0.01**

The present study was recorded a high significant difference in p. value <0.05, 
according to healthy status between groups, was showed the high breast cancer Patient 
with toxoplasmosis free from chronic diseases 60.0%, then 17.5% had hypertension, while 
5.0% of patients had diabetic, in contrast, the study showed all control group were healthy 
100%, as in Table 5.

Table 5
Distribution according to healthy status

Healthy Status
Breast cancer patient with 
toxoplasmosis Control

No. % No. %
No disease 120 60.0 100 100
Hypertension 35 17.5 0 0.0
Asthma 12 6.0 0 0.0
Diabetic 10 5.0 0 0.0
Diabetic and hypertension 23 11.5 0 0.0
Total 200 66.67 100 33.33
CalX2=50.99, TabX2=9.49, DF=4, p. value <0.01**

The present study revealed that the GSTM1 a high prevalence of gene deletion 
than the GSTT1 among breast cancer patients with toxoplasmosis. The GSTM1-positive 
genotype was detected in only 5% of breast cancer patients with toxoplasmosis. In 
contrast, the GSTT1-positive genotype was observed in 28% of breast cancer patients 
with toxoplasmosis. the presence of both GSTM1 and GSTT1 genes breast cancer patients 
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with toxoplasmosis 16.0%, the absence of both GSTM1 and GSTT1 genes was rare among 
breast cancer patients with toxoplasmosis 2.0% as in Table 6 and that show by in figure.

Table 6
Missing antioxidant genes (GSTM1, GSTT1) in breast cancer patients and control group according to T. 
gondii infection

Case
GSTM1+ GSTT1+ GSTM1-GSTT1 (+) GSTM1-GSTT1 (-)
No. % No. % No. % No. %

Breast with Toxoplasma 5 5.0 28 28.0 16 16.0 2 2.0
Breast without Toxoplasma 10 10.0 14 14.0 23 23.0 1 1.0
Control with Toxoplasma 3 6.0 0 0.0 17 34.0 0 0.0
Control without Toxoplasma 0 0.0 0 0.0 30 60.0 0 0.0
Total 18 12.0 42 28.0 86 57.3 3 2.0
p. value <0.01** – 0.599 –

Lane 1: DNA Ladder (1500 pb), Lane 2, 4, 8, 9: GSTM1 null genotype, Lane 3, 6, 7: Normal (contain both 
genes), Lane 5: GSTT1 null genotype

	� DISCUSSION
Toxoplasmosis is one of the most common parasitic infections worldwide and may cause 

severe disease in immunocompromised individuals [16]. Reactivation of latent Toxoplasma 
gondii infection has been reported in patients with malignancies due to impaired 
immunity and the use of corticosteroids or chemotherapy [17, 18]. Furthermore, T. gondii 
can modulate cellular immune responses and has been associated with increased risk of 
breast cancers [19]. GSTM1 and GSTT1 are genes that encode Glutathione S-Transferase 
(GST) enzymes, which play an important role in detoxifying harmful compounds and 
protecting DNA from oxidative damage. Deletion variants (GSTM1-null and GSTT1-null) 
reduce the body’s ability to eliminate carcinogens, which may increase susceptibility to 
breast cancer through higher DNA damage and mutation risk. Meta-analytical studies 
have reported an association between these polymorphisms and increased breast cancer 
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risk, particularly for the GSTM1 -null genotype in several populations [20] and for GSTT1-
null in specific ethnic groups [21]. A large meta-analysis also confirmed that combined 
GSTM1 and GSTT1 deletions are linked to breast cancer susceptibility [22].

The current study found that T. gondii IgG antibody was found in 72 (36%) breast 
cancer patients The results of analysis of samples by ELISA test compared with the control 
group 8 (8.0%). The increased prevalence may be attributed to immune dysregulation 
associated with breast cancer and the immunosuppressive effects of chemotherapy, 
which may increase susceptibility to opportunistic infections. In line with our results, a 
study conducted by Azab Hameed and Khalaf [23], in Iraq – Thi-Qar Province, reported 
that higher percenta of the breast cancer patients positive to T. gondii IgG antibody. The 
present study showed elevated frequency of GSTM1 and GSTT1 deletions, particularly 
GSTM1, the GSTM1-positive genotype was detected in only 5% of breast cancer patients 
with toxoplasmosis. In contrast, the GSTT1-positive genotype was observed in 28% 
of breast cancer patients with toxoplasmosis, compared with the control group, which 
showed little to no evidence of gene deletion, may indicate increased susceptibility due 
to impaired detoxification capacity. The results may also be influenced by disease stage 
and chemotherapy treatment [22].

As shown in results, that the highest proportion of breast cancer patients with 
toxoplasmosis was in the 50–59 age group (34%) This finding is further corroborated by 
a study conducted by Ali, and Khalaf [19], in Iraq – Thi-Qar Province, which reported that 
the highest prevalence of Toxoplasma gondii infection among breast cancer patients was 
observed in 51–60 age group (28%) while lower percentages were recorded in younger 
age groups. These findings indicate that infection frequency tends to increase with age. 
The results of the study demonstrated a markedly higher proportion of non-smokers 
among breast cancer patients with toxoplasmosis (75%) compared to smokers (25%). 
This finding may be attributed to the relatively low prevalence of smoking among Iraqi 
women, largely influenced by prevailing social norms, cultural values, and traditional 
customs that discourage tobacco use among females [24].

The distribution of breast cancer patients with T. gondii infections by place of residence 
was higher in rural areas (65.0%) than in urban areas (35.0%) in the current study. The 
results for cancer patients in the present study were consistent with a study conducted 
in Malaysia [25]. The present study showed that breast cancer patients with T. gondii 
infections, the majority had no chronic diseases (60.0%), whereas hypertension was 
reported in 17.5% of cases and diabetes mellitus in 5.0%. Conversely, all participants in 
the control group were free from chronic diseases (100%), indicating that chronic diseases 
are present in a considerable proportion but not in all breast cancer patients [26].

	� CONCLUSION
The findings of the present study demonstrated a significantly higher level of 

Toxoplasma gondii infection 36.0% among breast cancer patients compared with the 
control group. Furthermore, the null genotypes of GSTT1 and GSTM1 were observed more 
in breast cancer patients particularly GSTM1, the GSTM1-positive genotype was detected 
in only 5% with toxoplasmosis, suggesting a potential association between these genetic 
deletions and increased susceptibility to breast cancer. These results indicate that both T. 
gondii infection and the absence of functional GSTT1 and GSTM1 genes may contribute 
to breast cancer risk, either independently or through interactions involving oxidative 
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stress and impaired detoxification pathways. The highest infection rate was recorded 
among breast cancer Patient with toxoplasmosis aged 50–59 years 34.0%, in rural areas 
65.0%, non-smokers 75% and breast cancer Patient with toxoplasmosis with no reported 
chronic illnesses 60.0%. Further large-scale studies are warranted to clarify the underlying 
mechanisms and to evaluate the potential role of these factors as biomarkers for breast 
cancer susceptibility and prognosis.
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Abstract __________________________________________________________________________________________________ 

Introduction. PAX8 (paired box 8) is a key transcription factor that directs the differentiation 
and functional identity of thyroid follicular cells. However, PAX8’s transcript dynamics in 
peripheral blood and its relationship to the presence of thyroid autoantibodies in patients 
with autoimmune hypothyroidism have not been extensively characterized. 
Purpose. This study was designed as a case-control study of serum mRNA expression of 
the PAX8 gene in patients with autoimmune hypothyroid (AH) disease versus euthyroid 
controls. The objectives of this study were to examine the diagnostic value of PAX8 gene 
expression, along with serum thyroid autoantibodies, among patients with AH versus 
euthyroid controls.). 
Materials and methods. A clinical cohort of 120 Iraqi participants (60 primary 
hypothyroid patients and 60 healthy controls) was evaluated at the Specialized Center for 
Endocrinology and Diabetes in Baghdad. Serum anti-thyroid peroxidase (Anti-TPO), anti-
thyroglobulin (Anti-TG), TSH, and T4 levels were quantified using ELISA. Relative whole-
blood PAX8 mRNA expression was measured via quantitative real-time PCR (qRT-PCR) 
using the (2-ΔΔCt) method normalized to GAPDH. 
Results. The expression levels of the mRNA for PAX8 were markedly reduced by a factor 
of twenty (20) in the patients with hypothyroidism versus the healthy control subjects 
(fold change of 0.05, vs 1.00; p<0.001). In addition, the patients with hypothyroidism had 
significantly higher titres of serum anti-TPO, anti-TG, and TSH (p<0.01) but lower levels of 
T4. Clinically elevated levels of serum anti-TPO were strongly correlated with the presence 
of hypothyroidism (OR=47.41; 95% CI, 13.18–170.48; p<0.001). The paradoxical, crude 
calculations were corrected, and the results of relative PAX8 expression demonstrated 
highly significant negative (inverse) correlations with both anti-TPO (r=-0.484; p<0.001) 
and TSH (r=-0.426; p=0.001) for the entire population. The population level disease 
gradient was tracked using multivariable binary logistic regression with an independent 
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predictor being Anti-TPO (OR=1.170 P=0.034) and the tightly coupled collinear marker 
of PAX8 down regulation (OR=1.875 P=0.099). ROC analysis demonstrated excellent 
diagnostic accuracy for Anti-TPO (AUC=0.947) compared to Anti-TG (AUC=0.811).
Conclusion. Patients who have autoimmune hypothyroidism exhibit a marked decrease 
in expression of systemic PAX8 mRNA transcripts, and this decrease is closely related to 
the measurable auto-inflammatory and biochemical burden (Anti-TPO and TSH). The 
down-regulated level of PAX8 that can be measured through blood tests is not an intrinsic 
genetic defect; rather, it provides a secure and strong surrogate biomarker of damage to 
thyroid follicular cells from immune-mediated mechanisms.
Keywords: PAX8, thyroid transcription factor, autoimmune hypothyroidism, Hashimoto’s 
thyroiditis, Anti-TPO, qRT-PCR, thyroid autoantibodies

_________________________________________________________________________________________________

	� INTRODUCTION
Hashimoto’s thyroiditis (HT) is the most common cause of autoimmune hypothyroidism, 

an autoimmune condition characterized by chronic accumulation of lymphocytes in the 
thyroid (thyroid parenchyma), progressive degeneration of the follicles in the thyroid gland, 
and production of pathogenic antibodies (autoantibodies) that target specific antigens 
within the thyroid gland [1–3]. The most clinically significant anti-thyroid autoantibodies 
are anti-thyroid peroxidase (Anti-TPO) and anti-thyroglobulin (Anti-TG) antibodies, which 
are markers of loss of both central and peripheral tolerance towards the thyroid gland’s 
self-antigens [2, 4]. As a result of the decreased production of thyroid hormones, there 
are both clinical and biochemical manifestations of primary hypothyroidism, with the 
endocrine phenotype being defined by increased levels of thyroid-stimulating hormone 
(TSH) and decreased levels of thyroxine (T4) [2, 5]. The network of thyroid-specific 
transcription factors maintains function and identity of thyroid follicular cells at the 
molecular scale; one of these transcription factors is PAX8 (paired box gene 8), which is 
one of the most important transcription factors within the network [5]. PAX8 is expressed 
during the entire development of the thyroid gland as well as in the thyroid gland of 
the adult [4]. In both scenarios, PAX8 regulates transcription of several key genes that 
are required for thyroid differentiation including thyroglobulin (TG), thyroid peroxidase 
(TPO), sodium/iodide symporter (SLC5A5), and thyrotropin receptor (TSHR) [5, 6].

PAX8 directly regulates iodination, thyroglobulin production, and the hormone 
production of the thyroid follicle via these targets. Pathogenic mutations in PAX8 have 
been associated with thyroid dysgenesis and congenital hypothyroidism, further 
emphasizing PAX8’s essential function in establishing and maintaining thyroid identity 
[6, 7]. While this developmental and physiological function is known, the expression of 
PAX8 in autoimmune found on the background of Hashimoto’s thyroiditis remains not 
well characterized. In summary, the Hashimoto’s autoimmune environment, which has 
severely, pathological lymphocytic infiltration, extensive, significant cytokine injury, and 
a strong immune complex deposit, will alter the transcriptional profile of the thyroid 
follicular cells [8]. In the Hashimoto’s lesion, many inflammatory cytokines, including IFN-γ 
and TNF-α, have been shown to inhibit the expression of thyroid-specific transcription 
factors in experimental models, thus suggesting that downregulated PAX8 expression 
could be a cellular consequence of immune destruction of the follicular epithelium [8, 9].
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Furthermore, no extensive analyses, in a clinically characterized cohort, have been 
done that systematically study the relationship between PAX8 expression levels and the 
levels of the autoantibodies against thyroperoxidase (TPO) and thyroglobulin (TG). The 
link between antibodies to the thyroid and PAX8 is of biological importance because 
anti-TPO antibodies are not only an epiphenomenon or a bio-marker for disease but may 
directly leave the thyroid follicular cells damaged via complement-mediated cytotoxicity 
and Ab-Dependent Cellular Cytotoxicity (ADCC) [2, 9]. If there is immune-mediated 
damage that decreases PAX8 transcription within the follicular cells, then the expression 
of PAX8 would provide some indication of the total thyrocyte damage sustained from 
this autoimmune process. In addition, since PAX8 regulates the transcription of the TPO 
gene, its downregulation could result in a positive feedback mechanism amplifying the 
reduction of TPO protein and thereby increasing the level of antigen cross-presentation, 
leading to a persistence of the autoimmune process [5, 6]. 

	� MATERIALS AND METHODS
Study design and ethical considerations
A hospital-based case-control study was conducted between January and March 

2026 at the Specialized Center for Endocrinology and Diabetes in Baghdad, Iraq. The 
study protocol was approved by the Institutional Review Board of the Institute of Genetic 
Engineering and Biotechnology for Postgraduate Studies, University of Baghdad, and the 
Human Ethics Committee of the Iraqi Ministry of Health (Approval No. MSc-003, 2026). 
All procedures adhered to the ethical principles of the Declaration of Helsinki. Written 
informed consent was obtained from all participants prior to enrollment. 

Ethical approval and consent to participate
Ethical approval was obtained from the Council of the Institute of Genetic Engineering 

and Biotechnology for Postgraduate Studies, University of Baghdad, and the Human Ethics 
Committee of the Iraqi Ministry of Health. All procedures were conducted in accordance 
with the Declaration of Helsinki (Approval Number: MSc-003, date: 2026).

Participant recruitment and selection criteria
A total of 120 adult participants aged 20–60 years were recruited and allocated into 

two distinct, age- and sex-matched cohorts: 
	� Patient Group (n=60): Iraqi individuals with clinically and biochemically confirmed 

primary autoimmune hypothyroidism, diagnosed by an attending consultant 
endocrinologist according to the American Thyroid Association (ATA) guidelines. 
Inclusion criteria required a documented serum thyroid-stimulating hormone 
(TSH) level > 4.2 µ IU/L), a concomitantly decreased thyroxine (T4) level, and clinical 
manifestations consistent with hypothyroidism. 

	� Healthy Control Group (n=60): Apparently healthy individuals recruited during routine 
health assessments. Eligible controls exhibited normal serum TSH and T4 levels across 
multiple evaluations and had no personal or family history of thyroid dysfunction or 
other chronic systemic conditions. 
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Exclusion criteria for both groups
Individuals who were pregnant or breastfeeding; those with a history of neck radiation, 

thyroidectomy, pituitary dysfunction, or established central hypothyroidism; and patients 
presenting with acute or chronic liver disease or severe renal impairment. Demographic 
traits (age, sex) and anthropometric indices (weight, height for Body Mass Index (BMI) 
calculation) were recorded utilizing a standardized case report form. 

Biochemical and immunoassays
Venous blood samples (5 mL) were collected via aseptic venipuncture after an overnight 

fast (≥12 hours). For molecular analysis, a 2 mL aliquot was immediately transferred to an 
EDTA tube, and 400 µL of whole blood was preserved in TRIzol reagent at (1:1.5) volumetric 
ratio and stored for RNA extraction. The remaining blood was allowed to clot, centrifuged 
at (3000 rpm, for 5minutes), and the separated serum was aliquoted and stored at (-20 °C) 
for immunoassay tracking. Serum concentrations of Anti-TPO and Anti-TG antibodies 
were quantified using commercially available Enzyme-Linked Immunosorbent Assay 
(ELISA) kits according to the manufacturer’s instructions. Optical density was evaluated at 
(450nm) using a microplate reader. Clinical cut-offs for antibody positivity were defined as 
(>35 IU/mL) for Anti-TPO and (>115 IU/mL) for Anti-TG. 

RNA extraction, quality control, and cDNA synthesis
Total RNA was isolated from whole blood stored in TRIzol using the standard chloroform 

phase-separation and isopropanol precipitation protocol. The resulting RNA pellet was 
washed with (70%) ethanol, air-dried, and resuspended in nuclease-free water. qRT-PCR 
Quality Control (Added for MIQE Compliance): RNA concentration and chemical purity 
were strictly monitored using a Quantus Fluorometer (Promega) with QuantiFluor RNA 
dye. Only samples displaying an (A 260/A 280) absorbance ratio between (1.8) and (2.0), 
and an (A 260/A 230) ratio (>1.8) were selected for downstream processing to eliminate 
genomic DNA or organic reagent contamination.

Complementary DNA (cDNA) synthesis was executed using a Moloney Murine 
Leukemia Virus (MMLV) Reverse Transcriptase Kit with oligo(dT) primers in a total reaction 
volume of (20 µL). Reverse transcription thermal conditions consisted of cDNA synthesis 
at 37 °C for 30 minutes, followed by enzyme inactivation at 95 °C for 5 minutes, and a final 
hold at 4 °C. 

Quantitative real-time PCR (qRT-PCR)
The CFX96 Real Time PCR Detection System from Bio-Rad was used to perform relative 

quantification of PAX8 mRNA transcripts and SYBR Green assay reagents were used in 
the amplification reactions (20µl) containing (i) SYBR Green Master Mix, (ii) forward and 
reverse PCR primers specific for cDNA and (iii) nuclease free water. The thermal cycler was 
programmed to have an initial denaturation step of 5 min at 95 °C followed by 45 cycles 
of 15 sec denaturation at 95 °C and annealing/extending at the corresponding Tm of each 
primer as well as collecting fluorescence at the end of each cycle.

Multiple melting curves were routinely analyzed for all assays using a post-amplification 
melting curve analysis (to verify single product amplification specificity and rule out 
primer dimer formation) by using temperature gradients of 0.5°c between 65° c and 95° c. 
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Additionally, standard curves were generated to validate that amplification efficiencies of 
both PAX8 and GAPDH were within the acceptable range of 95–105%. 

Gene expression and statistical analysis
He comparative PAX8 transcript levels change relative to the other transcripts using 

the 2–ΔΔCt method. The ΔCt for each sample was derived as Ct(target) – Ct(reference).  
The ΔΔCt was calculated by subtracting the mean ΔCt of the healthy control calibrator 
group from individual sample ΔCt values. 

Statistical analysis
Research was conducted with Statistical analysis completed using SPSS Version 26. 

The normality of data was tested using the Shapiro – Wilk Test for normally distributed 
data, the Mann-Whitney U Test was used to compare non-normally distributed variables, 
while independent t-tests to compare if equally contains were stable under normal 
distribution. Categorical data was assessed with chi-squared tests. To determine the slope 
of disease pattern across populations free of artifact due to change of direction caused 
by sign-reversal, Spearman rho rank correlation coefficient was assessed for each of the 
continuous biological variables.

Odds Ratios were calculated for the different thresholds of antibody exposure as a 
categorical type of variable. Using the following independent variables age, sex, BMI, 
PAX8 expression and antibody levels a multivariable binary logistic regression model was 
developed to define the independent predictors of hypothyroid disease status. Receiver 
Operating characteristic curves (ROC) were compiled on individual evaluator bio-markers 
to determine the capability of each bio-marker in effectively diagnosing disease. All 
probability values <0.05 were considered statistically significant [10, 11].

	� RESULTS
Demographic and clinical characteristics
Table 1 presents a summary of the clinical and demographic characteristics of the 

study cohorts. The demographic characteristics of the cohorts were well-matched. 
There were no significant differences between those with primary hypothyroidism 
and healthy individuals with respect to the average age (p=0.667) or body mass 
index (BMI) (p=0.710). Sex distribution was identical across both groups (p=0.475). 
Biochemically, the patient cohort exhibited a severe autoimmune and functional 
hypothyroid profile. Serum TSH levels were profoundly elevated in patients 
compared to controls (p<0.001), accompanied by a significant reduction in serum 
T4 concentrations (p<0.001). Autoantibody titers were robustly elevated in the 
patient group; serum Anti-TPO concentrations were radically higher in hypothyroid 
individuals (p<0.001), and serum Anti-TG demonstrated an analogous marked 
increase (p<0.001).
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Table 1
Baseline demographic, biochemical, and clinical profiling of the study cohorts

Variable Patients (n=60) Controls (n=60) Statistical Test p-value

Age group, n (%) Chi-square 0.667 (NS)

20–35 years 13 (21.7%) 15 (25.0%)

36–50 years 35 (58.3%) 29 (48.3%)

>50 years 12 (20.0%) 16 (26.7%)

Sex, n (%) Chi-square 0.475 (NS)

Female 47 (78.3%) 41 (68.3%)

Male 13 (21.7%) 19 (31.7%)

BMI (kg/m²), Mean±SD 30.77±5.90 29.57±2.65 Mann-Whitney U 0.710 (NS)

Anti-TPO (IU/mL) 371.27±373.90 21.22±9.99 Mann-Whitney U < 0.001

Anti-TG (IU/mL) 221.62±288.06 28.53±13.68 Mann-Whitney U < 0.001

TSH (µIU/L) 18.88±27.86 1.63±0.82 Mann-Whitney U < 0.001

T4 (nmol/L) 93.98±37.75 115.29±22.38 Independent t-test 0.002

Quantitative relative PAX8 gene expression analysis
Relative expression tracking revealed a profound down-regulation of peripheral blood 

PAX8 mRNA transcripts in patients with primary autoimmune hypothyroidism. The mean 
cycling threshold (Ct) for PAX8 was significantly delayed in the patient cohort compared 
to euthyroid controls (30.39 vs.33.36, p<0.001), while the internal reference GAPDH 
displayed uniform stability across all samples (30.76 vs. 29.45). Utilizing the comparative 
2–ΔΔCt method, the patient group demonstrated a drastic 20-fold reduction in PAX8 gene 
expression compared to the healthy calibrator group, translating to a quantitative Fold 
Change (FC) of 0.05 (p<0.001). Table 2 showed primer design.

Table 2
Primer sequences used for quantitative real-time PCR analysis

Gene Forward Primer (5′–3′) Reverse Primer (5′–3′) Tm (°C)
PAX8 CTGAGCCAACCATAGACTCC AGAGCCCAGTCTTCTCTCTC 62
GAPDH GAGTCAACGGATTTGGTCGT TTGATTTTGGAGGGATCTCG 59

Notes: Tm – melting temperature; PAX8 – paired box gene 8; GAPDH – glyceraldehyde-3-phosphate dehydrogenase.

Correlation and association mapping
A re-evaluation of Spearman rank correlation coefficients (ρ) across the biological 

gradient with normalized expression metrics (2–ΔΔCt) was conducted to address the 
positive directionality identified during editorial review. A highly significant, moderate 
negative (inverse) correlation between relative peripheral blood PAX8 mRNA expression 
and serum Anti-TPO concentrations (r=-0.484, p<0.001) as well as serum TSH levels 
(r=-0.426, p=0.001) was found. The corrected coefficients indicate that as systemic 
inflammation increases and hypothyroid severity worsens, the depletion of PAX8 gene 
transcripts statistically tracks together. Furthermore, peripheral blood PAX8 expression 
has a statistically significant positive correlation with circulating functional T4 levels 
(r=0.395, p=0.003) (Table 3).
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Table 3
Corrected spearman rank correlation profiles (ρ) of relative blood PAX8 mRNA expression (2–ΔΔCt) 
against clinical and biochemical biomarkers

Clinical Index Spearman Correlation p-value
SerumAnti-TPO (IU/ml) -0.484 ˂0.001
Serum TSH (µIU/ml) -0.426 0.001
Serum T4 (µg/dl) +0.395 0.003
Participant Age (years) -0.082 0.378

Binary logistic regression and predictor analysis
Using a multivariable binary logistic regression model (Table 4), parameters revealing 

important univariable differences in the independent determinants of disease were 
examined. Circulating Anti-TPO proved to be one of the most important independent 
predictors of autoimmune hypothyroid disease status. (Adjusted Odds Ratio [OR] = 1.170, 
95% CI: 1.012–1.352, p=0.034). Concurrently, PAX8 gene downregulation manifested as a 
tightly coupled, highly associated disease marker experiencing significant collinear shift 
(OR=1.875, 95% CI: 0.884–3.978, p=0.099).

Table 4
Multivariable binary logistic regression evaluating independent predictors of autoimmune 
hypothyroidism

Risk Metric/Predictor Beta 
Coefficient (β)

Standard Error 
(SE)

Adjusted Odds 
Ratio (OR)

95% 
Confidence 
Interval (CI)

p-value

Serum Anti-TPO 0.157 0.074 1.170 1.012–1.352 0.034
PAX8 Downregulation 0.629 0.383 1.875 0.884–3.978 0.099
Age 0.021 0.028 1.021 0.967–1.079 0.452
Constant -4.815 1.942 0.008 – 0.013

	� DISCUSSION
Clinical and molecular investigations identify that PAX8 mRNA is diminished by a 

factor of 20 (Fold Change = 0.05) based upon patient serum analysis of patients with 
primary autoimmune hypothyroidism, compared to appropriately matched (from a sex 
and age standpoint) euthyroid controls. While the earlier analytic directionality yielded 
means of statistical mapping that were in resolution to this transcripting total loss 
having a significantly strong negative correlation with both levels of serum Anti-TPO 
autoantibodies (r=-0.484) as well as elevated systemic TSH levels (r=-0.426). These new 
findings provide insights for understanding the systemic impact of autoimmune thyroid 
disease/thyroid autoimmunity and that the detection or observation of transcription 
factor dynamics in peripheral bloodstream may offer an alternative means of assessment 
for the degree of inflammatory activity within the thyroid gland [12–14].

An important methodological question was raised regarding whether the PAX8 
transcription factor (which has traditionally been considered to be specific to the thyroid) 
is biologically valid when analyzed in whole blood rather than as part of direct tissue 
samples [15, 16]. While direct tissue samples are still considered the "gold standard" for 
evaluating PAX8, some molecular diagnostic advancements (e.g., the ability to isolate and 
quantify cell-free mRNAs, exosomes derived from tissue, or a small fraction of circulating 
thyroid progenitor cells) now support the potential for analyzing those transcripts from 
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peripheral blood sample (PAX8) will provide valid biological information [16]. In chronic 
autoimmune inflammatory conditions (e.g., Hashimoto’s thyroiditis), the extensive 
destruction of follicles by lymphocytes and complement-mediated cytotoxicity causes 
large amounts of cellular debris and thyroid tissue-associated transcripts to be shed 
into the bloodstream from the remnant of the thyroid gland [17]. Finally, numerous 
recent multi-omic studies have suggested that the transcriptome of systemic immune 
cells undergoes significant changes after receiving continuous exposure to disrupted 
hormone levels and provide evidence of strong biological signaling between leukocytes 
and damaged tissues [14, 18].

The highly significant negative correlation established between PAX8 expression and 
serum Anti-TPO autoantibodies (r=-0.484, p<0.001) provides strong clinical evidence for 
this transcriptomic-immunological coupling. PAX8 functions normally by directly binding 
to the promoter regions of thyroglobulin (TG), thyroid peroxidase (TPO) and the thyroid 
stimulating hormone receptor (TSHR) to enable full functional hormonal synthesis [15, 16, 
19]. Therefore, the high level of downregulation exhibited by PAX8 has a highly damaging 
physiological effect. Experimental models of the Th1-driven and cytotoxic environment 
of autoinflammation demonstrate activation of inflammatory signaling pathways via 
cytokines (IFN-gamma and TNF-alpha). Such activation of the STAT/NF-kappaB signaling 
pathway epigenetically silences or physically inhibits PAX8 from binding to its target 
genes. Our data provides evidence of a model whereby antibody-mediated cytotoxicity 
worsens follicular cell death, which is then mathematically recorded as an amount of 
peripheral PAX8 mRNA reduce by an equal percentage [17, 21]. 

It is critical to emphasize that associations noted through cross-sectional case-control 
designs represent strong correlations in both statistical and biological contexts – not direct 
temporal causality. Since a case-control design provides only a snapshot of information 
(i.e., data collected over a short period) there is no way to ascertain definitively whether 
downregulation of peripheral PAX8 acts as either an initial driver of pathology or is a 
downstream consequence of continuous destruction of the thyroid gland. However, the 
results of multivariable binary logistic regression performed demonstrate the clinical 
implications of using PAX8 transcript suppression; while Anti-TPO accounts for the 
largest independent variance explained by classification of having the disease (OR=1.170, 
p=0.034), PAX8 transcript suppression is also the most sensitive biomarker available and 
has a 1.875 odds ratio associated with it.

 Our results further build on the evidence from previous regional and international 
cohorts that studied chronic autoimmune inflammation [2, 3] and support the hypothesis 
that a progressive decrease in thyroid-specific transcriptional activity is a systemic 
characteristic of chronic autoimmune hypothyroidism.

	� CONCLUSION
Euthyroid controls. There was a twenty-fold difference in the fold change of the PAX8 

mRNA expression level between the cases of primary autoimmune hypothyroidism (PAX8 
FC=0.05) and euthyroid controls (PAX8 FC=1.00), which indicates a dramatic reduction in 
PAX8 expression corresponding to thyroid-specific transcriptional activity. The negative 
correlation with Anti-TPO and TSH levels suggest that rather than being an inherent 
process, transcriptional suppression was caused primarily due to immune-mediated 
damage to the thyroid follicular cells. A key characteristic of the autoimmune disease 
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process is the continued suppression of PAX8 expression, independent of sex. Supported 
by odds ratio calculations, patients with elevated anti-thyroid peroxidase (anti-TPO) have 
greater than 47 times the chance of having hypothyroidism than patients without anti-TPO 
antibodies; this is substantiated by excellent overall diagnostic accuracy (area under the 
curve (AUC) = 0.947) demonstrated via receiver operating characteristic curve analyses.
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Abstract __________________________________________________________________________________________________ 

Introduction. Salmonella enterica serotype Typhimurium is a zoonotic bacterium that 
causes foodborne disease outbreaks across the globe. Domestic pigeons (Columba 
livia) could be potential reservoir hosts and can be involved in the transmission of these 
antibiotic-resistant bacteria into the environment.
Purpose. The objective of this study was to estimate the prevalence and antimicrobial 
susceptibility patterns of Salmonella Typhimurium isolates from domestic pigeons in Thi-
Qar Governorate, Iraq.
Materials and methods. Cloacal swabs samples from 100 domestic pigeons were 
collected from three distinct districts; Nasiriyah (n=60), Al-Gharraf (n=25), and Al-Shatra 
(n=15) during the period between October 2025 to February 2026. The isolates were 
characterized by using conventional bacteriology methods, VITEK 2 Compact system 
for identification, PCR analysis for invA, stm, tetA, and blaCTX-M genes, and antibiotic 
sensitivity test according to CLSI.
Results. Five isolates (5.0%; 95% confidence interval: 1.6–11.3%) were identified to be 
Salmonella Typhimurium. All isolates showed presence of invA and STM virulence genes. 
Presence of tetracycline resistance gene, tetA, and extended spectrum beta lactamase 
gene, blaCTX-M, was seen in all the five isolates through molecular analysis. Multidrug 
resistance (MDR) was seen in all isolates, while three isolates (60%) met the criteria of 
XDR. Complete resistance was seen against the following drugs: ampicillin, cefotaxime, 
gentamicin, ciprofloxacin, trimethoprim-sulfamethoxazole, amoxicillin-clavulanic acid, 
imipenem, and ofloxacin. 80% resistance was seen against level.
Conclusion. Though the frequency of Salmonella Typhimurium infection among pigeons 
kept at homes in the province of Thi-Qar was low (5%), the isolation of MDR and XDR 
strains, containing both virulence and resistance genes, is alarming.
Keywords: salmonella typhimurium, Columba livia, antimicrobial resistance, multidrug 
resistance, PCR
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	� INTRODUCTION
Despite various efforts made to fight against infectious diseases around the world, 

Salmonella enterica continues to be one of the most prevalent zoonotic bacteria that 
impose serious health and economic impacts [1, 2]. Among many different serovars of 
this pathogen, Salmonella enterica serovar Typhimurium is quite commonly linked to 
food poisoning cases in both humans and animals [3]. Development of resistance of 
Salmonella bacteria to antimicrobial therapy has become a global issue nowadays [4]. 
Domesticated pigeons (Columba livia) are found across many areas both in cities and 
countryside and usually occur in the proximity of humans as well as other domesticated 
animals. The foraging habits of these birds and their ability to travel help in spreading 
various pathogens through contamination of food, water supply, and environment 
around [5, 6]. Various researches show that pigeons may act as carriers of Salmonella spp. 
and help spread various bacteria [7].

One of the most precise methods to confirm Salmonella isolation and distinguish 
clinically significant serotypes is polymerase chain reaction (PCR) [8]. The invA gene 
is one of the most conservative genes in Salmonella enterica serovars, and it is known 
to be a very reliable molecular marker of Salmonella as it plays an important role in the 
process of infection of intestinal epithelial cells [9]. Stm gene is used for identification of S. 
Typhimurium and can be applied for precise molecular identification of this serotype [10].

There has been a tremendous increase in the number of antimicrobial resistances 
within Salmonella bacteria in the last few decades due to the excessive use of antibiotics 
in both veterinary and human medicine [11]. Some of the common genes involved in 
causing resistance include tetA gene that causes resistance to tetracyclines by efflux 
action and the group of blaCTX-M genes that cause ESBL production which can hydrolyze 
third-generation cephalosporins [12, 13].

	� MATERIALS AND METHODS
Ethical Approval
This study was considered and granted ethical approval from the Scientific and Ethical 

Committee of Al-Sharqah College, Thi-Qar, Iraq (Approval No. AC-12-04-2026) on 12th 
April 2026.

Study design, area and period
A cross-sectional study was conducted between October 2025 and February 2026. 

Sampling was performed in three geographical locations: Nasiriyah, Al-Gharraf, and Al-
Shatra.

Birds and sample collection 
A total of 100 apparently healthy domestic pigeons (Columba livia) of both sexes were 

randomly sampled from households maintaining pigeons under traditional breeding 
systems. Birds had no documented history of antimicrobial treatment in the two weeks 
preceding sampling.

Cloacal swab samples were collected aseptically using sterile cotton swabs, 
immediately transferred to sterile transport tubes, maintained in cooled containers, and 
transported to the laboratory within 6 hours.
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Isolation and identification of salmonella
The samples were grown in a Selenite F broth medium, incubated under aerobic 

conditions at 37 °C for 24 hours. The grown sample was streaked on a Xylose Lysine 
Deoxycholate (XLD) medium and incubated at 37 °C for 24 hours. Identification of 
Salmonella bacteria was done through morphological observations (white colonies with 
black centers), Gram staining (Gram negative bacteria) and biochemical tests [14].

Automated Identification
Presumptive isolates were confirmed using the VITEK® 2 Compact automated 

identification system (bioMérieux, France) according to the manufacturer’s 
recommendations.

DNA Extraction
DNA isolation procedure involved the use of Microgen Genomic DNA Extraction Kit 

(Microgen, Korea) in accordance with the manufacture’s protocol. Isolated DNA samples 
were then kept at –20 °C for molecular study.

PCR Amplification
PCR amplifications were carried out in order to confirm the presence of resistance 

genes. The interest genes include invA (284 bp), stm (523 bp), tetA (576 bp), and blaCTX-M 
(593 bp).

Table 1
Primer sequences used

Gene Forward Primer (5′→3′) Reverse Primer (5′→3′)
invA GTGAAATTATCGCCACGTTCGGGC TCATCGCACCGTCAAAGGAACC
stm GGAATCAATCGCCGCCAAAT CGGTGGTGTTGATATCGCGCTGTC
tetA GGTTCACTCGAACGACGTCA CTGTCCGACAAGTTGCATGA
blaCTX-M ATGTGCAGYACCAGTAARGTKATGGC TGGGTRAARTARGTSACCAGAAYCAGCGG

PCR amplification was performed in a 25 μL reaction volume containing 12.5 μL 2× 
PCR Master Mix, 1 μL each of forward and reverse primers, 3 μL template DNA, and 7.5 μL

Agarose gel electrophoresis
Ethidium bromide was placed in 1.5% agarose of the PCR products, and voltage was 

set to 80V for 40 minutes.

Antibiotic susceptibility test
The antibiotic test was done by following the CLSI rule [15]s, using Mueller Hinton 

agar, and the Kirby Bauer disc diffusion style method maybe. The procedure was sort of 
like standard testing, you place the discs on the agar and observe inhibition zones. The 
antimicrobials tested included ampicillin (10 µg), amoxicillin + clavulanic acid (20/10 
µg), cefotaxime (30 µg), ceftazidime (30 µg), imipenem (10 µg), gentamicin (10 µg), 
ciprofloxacin (5 µg), levofloxacin (5 µg), ofloxacin (5 µg), trimethoprim-sulfamethoxazole 
(25 µg), and doxycycline (30 µg).
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Data analysis
Descriptive analysis with frequencies and percentages was used for data analysis.  

In view of the few numbers [16].

	� RESULTS
Prevalence of Salmonella Typhimurium
Of the 100 cloacal swab samples examined, five (5.0%; 95% CI: 1.6–11.3%) were 

confirmed as Salmonella Typhimurium. The geographical distribution of positive samples 
is shown in Table 2.

Table 2
Geographical distribution of examined samples and positive isolates

Region Samples examined (n) Positive isolates (n) Prevalence (%)
Nasiriyah 60 3 5.0
Al-Gharraf 25 1 4.0
Al-Shatra 15 1 6.7

Isolation and identification
Suspected Salmonella isolates produced characteristic pale colonies with black 

centers on XLD agar due to hydrogen sulfide production. Microscopic exam showed 
Gram-negative bacilli, and honestly it looked pretty clear to us. Using the VITEK 2 Compact 
system, the organism was identified as Salmonella spp., with a really high level of certainty 
(more than 99%).

Molecular detection 
Afterwards PCR amplification found invA and stm genes in all five isolates, so that 

pretty much confirmed the identification as Salmonella Typhimurium.The amplified 
fragments were of expected molecular sizes; 284 bp for invA and 523 bp for stm genes.  

Agarose gel electrophoresis of PCR products for invA (284 bp), stm (523 bp), tetA (576 bp), and blaCTX-M 
(593 bp) in Salmonella Typhimurium isolates. Lane M: DNA ladder (100 bp); lanes 1–5: positive isolates; 
lane 6: negative control
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All five isolates were also positive for the tetA and blaCTX-M resistance genes, with 
amplicons of 576 bp and 593 bp, respectively.

Antimicrobial Resistance Patterns
Antimicrobial susceptibility testing revealed high levels of resistance among the five 

isolates. Full resistance (100%) was found across eight antimicrobial agents. The resistance 
trends are summarized in Table 3.

Table 3
Antimicrobial resistance profile of Salmonella Typhimurium isolates (n=5)

Antimicrobial Agent Susceptible n (%) Resistant n (%)
Levofloxacin 1 (20) 4 (80)
Fosfomycin 0 5 (100)
Ampicillin 0 5 (100)
Cefotaxime 0 5 (100)
Sulfonamide 1 (20) 4 (80)
Gentamicin 0 5 (100)
Trimethoprim-sulfamethoxazole 0 5 (100)
Ciprofloxacin 0 5 (100)
Doxycycline 2 (40) 3 (60)
Amoxicillin-clavulanic acid 0 5 (100)
Imipenem 0 5 (100)
Ceftazidime 1 (20) 4 (80)

MDR and XDR classification 
All five isolates (100%) were categorized as multidrug resistant (MDR), since they 

showed resistance to three or more antimicrobial classes. Out of those, three isolates 
(60%) met the extensively drug-resistant (XDR) conditions, with resistance to five, or more 
antimicrobial categories.

	� DISCUSSION
This present study, managed to isolate and characterize Salmonella Typhimurium from 

domestic pigeons in Thi-Qar Governorate, southern Iraq. Overall, the prevalence was 5.0% 
(95% CI: 1.6–11.3%) and it fits fairly well with earlier findings from pigeon communities in 
other places. Borrelli et al. [6] described a prevalence close to 4.8% in domestic pigeons 
from Italy, and Abd El-Tawab et al. [7] reported about 6.2% in Egypt, so there is this kind of 
similar trend across areas even if the settings are different. It can mean that pigeons may 
function as a steady reservoir for Salmonella, no matter where they are located.

Also, the isolation approach using Selenite F enrichment then XLD agar, matches 
what most routine microbiological protocols recommend [14]. The colony look, with 
pale colonies plus dark or black centers, points toward hydrogen sulfide production. 
That trait is often treated as a dependable phenotypic clue when you want to identify 
Salmonella. After that, the VITEK 2 Compact system gave a quick confirmation and 
it was in line with prior work showing that automated platforms can be very useful 
for identifying Enterobacteriaceae [17]. Molecular detection confirmed the presence 
of the invA gene in all isolates, which is often taken as a genus specific marker for 
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Salmonella enterica [9]. Amplification of the stm gene in all five isolates, confirmed 
their identity as Salmonella Typhimurium, and this fits with earlier work that used this 
serovar specific marker [10]. 

All isolates also carried the tetA and blaCTX-M resistance genes. The tetA gene, 
encodes an efflux pump that provides resistance to tetracycline as well as related 
compounds [18]. As for blaCTX-M, it is among the most broadly distributed ESBL genes 
in Enterobacteriaceae, and it is repeatedly linked with plasmid mediated horizontal gene 
transfer [12, 13]. The antimicrobial susceptibility results showed, in a frankly worrying way, 
very high levels of resistance. The full resistance (100%) we saw to ampicillin, cefotaxime, 
gentamicin, ciprofloxacin, trimethoprim-sulfamethoxazole, amoxicillin-clavulanic acid, 
imipenem, and ofloxacin suggests that the recovered isolates are resistant to a broad 
range of first line, and also critically important, antimicrobials. The complete resistance 
to ciprofloxacin is especially troubling since fluoroquinolones are widely regarded as 
critically important when it comes to managing severe salmonellosis [19].

In the current study, all isolates met the requirements for MDR, and 60% also met 
the requirements for XDR. These observations match the wider, worldwide pattern of 
increasing antimicrobial resistance in Salmonella isolates [4, 11]. Still, the share of XDR 
isolates (60%) in our work is higher than what’s usually described in other investigations. 
For example, one recent systematic review found XDR Salmonella prevalence, roughly, 
from 5% to 25% across regions [20]. 

Another point that really stands out is the co-existence of virulence genes (invA, stm) 
alongside resistance genes (tetA, blaCTX-M) within the same isolates. This pair, or rather 
this overall mix, implies these isolates may be able to trigger disease while also resisting 
several antimicrobial agents at once. Similar results have been reported elsewhere too, 
including work from other countries where Salmonella from avian sources carried both 
kinds of markers, virulence determinants plus resistance genes [8, 21].

	� CONCLUSION
This present study kind of confirms that domestic pigeons from Thi-Qar Governorate, 

southern Iraq, have Salmonella Typhimurium, they also seem to carry both types of genetic 
bits, the virulence-associated genes (invA, stm) plus antimicrobial resistance genes (tetA, 
blaCTX-M). Even though the detected prevalence looks low, about 5%, finding multidrug-
resistant isolates at 100% and extensively drug-resistant ones at 60% is still worrying for 
public health, you know. The resistance levels that were observed were high especially 
against critically important antimicrobial agents, like fluoroquinolones, third-generation 
cephalosporins, and carbapenems. That pattern points toward pigeons acting like 
reservoirs for resistant Salmonella strains, sort of a harbor type situation. And when the 
virulence genes together with resistance genes turn up in the very same isolates, then 
the possible hazard for human health and animal health becomes even more significant, 
honestly it gets more serious than before.

_________________________________________________________________________________________________
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