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Abstract- Viral respiratory infection such as severe acute 

coronavirus-2 disease (SARS-CoV-2) and bacterial co-

infections commonly are identified and a major cause of 

morbidity, mortality requiring prompt and antibacterial 

diagnosis. Sputum samples were collected from 100 patients 

including 68 males and 32 females with age ranged between 16 

-85 years from the beginning of October 2021 to the end of 

March 2022. Specimens have been collected from isolation 

wards at Al-Hussein Teaching Hospital in Thi-Qar province, 

south of Iraq from patients that were diagnosed with COVID-

19 and taking preventive treatment for bacterial infections. 

The results have shown the most common isolates were 

Klebsiella pneumoniae as the pathogen registered in 20 (32.2%) 

of the total 62 bacterial positive cases, followed by the Candida 

spp. 18 (29%). The current study also has demonstrated that 

the bacterial isolates were varied in their resistance and 

sensitivity to the antibiotics. A DNA fragment encoding the 

open reading frame (903 bp) of Cation-efflux pump FieF was 

successfully shown a positive PCR band and isolated from only 

10 (47.6%) isolates of K. pneumoniae isolates were named Thi-

Qar1-Thi-Qar11 by conventional PCR using Cation-efflux 

pump FieF gene specific primer. The obtained nucleotide 

sequences of the Cation-efflux pump FieF from the above-

mentioned Thi-Qar isolates were deposited in the GenBank 

under accession numbers MZ069095-MZ069104. 
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I. INTRODUCTION 

COVID-19 virus is mainly spread in close contact 
with an infected person. The virus can also spread via 
contaminated surfaces (Marquès & Domingo, 2021). Persons 
remain infectious in moderate cases for up to 10 days and in 
serious cases for two weeks. Different methods for the 
diagnosis of the disease have been developed. The standard 
approach is using a nasopharyngeal swab (rRT-PCR) in real-
time, reverse transcription-polymerase chain 
reaction(Tahamtan & Ardebili, 2020).  In viral respiratory 
infection such as influenza, bacterial co-infections commonly 
are identified and are a major cause of morbidity and 

mortality requiring prompt and antibacterial diagnosis (Esper 
et al., 2011). The bacterial joint infection was shown to be as 
high in patients with serious influenza (Esper et al., 2011; 
Shah et al., 2016) and is linked to greater disease severity, 
increased use of health resources, and increased risk of death 
(Martín-Loeches et al., 2011) . In patients infected with 
serious acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the prevalence, incidence, and characteristics of 
bacterial infection are unclear and have been raised as a 
significant gap of understanding (Cox et al., 2020). Although 
COVID-19 treatment with antibiotics is ineffective, it is 
prescribed for several reasons in patients with suspected or 
documented COVID-19. This means not excluding bacterial 
co-infection when presenting but also bacterial 
possibilities(Langford et al., 2020). During the secondary 
infection may be occurred. In particular, the various 
guidelines advocate the use of empirical antibiotics for 
severe COVID-19 patients in the treatment of extra-
excessive death in patients with bacterial superinfection 
during influenza pandemics (Alhazzani et al., 2020). 
However, this assumption gives cause for concern regarding 
the overuse of antibiotics and the damage resulting from 
bacterial resistance. To ensure sustainable use of antibiotics 
and to minimize adverse effects of overuse, an understanding 
of the percentage of COVID-19 patients with acute airborne 
bacterial co-infection with the culprit pathogen is vital. In the 
refining of Empirical Antibiotic Management Guidelines, 
this knowledge could also have significant impacts on 
patients with COVID-19(Langford et al., 2020). A swift 
review to determine the prevalence of Bacterial Infection in 
COVID-19 patients and to identify those people's most 
prevalent respiratory co-infecting (Uyeki et al., 2020). The 
secondary bacterial infection was reported to 15 percent in 
Chinese hospitals. Their admission was reported. Of the 
secondary bacterial diseases, 27 of the 28 patients died 
(Huttner et al., 2020). It was reported that 29 of 69 sputum-
growing patients to identify respiratory bacteria/psycho-
coinfection upon hospital admission. 5 out of 69 (7 percent), 
including C. Albicans (2/25:40%), Enterobacter cloacae 
(2/5:5:55), and Acinetobacter baumanni (1/5:20%) had 
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positive microbiology. Among all studies reported in 
COVID-19 for bacterial and fungal coinfection, very few 
atypical organisms have been identified in one obstetric 
patient admitted with COVID-19 in China (Haramoto et al., 
2020). Because of the widespread of the coronavirus and 
association with severe bacterial infections in Thi-Qar 
province south of Iraq was spread. This study is aimed to 
isolate and to detect molecular profile of the secondary 
bacterial infections caused by Klebsiella pneumoniae 
associated with COVID-19 infections.  

II. MATERIALS AND METHODS 

The sputum samples were collected randomly from 
100 patients which have included 68 male and 32 female in 
age ranged between (16 -85) years from the beginning of 
October 2021 to the end of March 2022. Specimens were 
collected from isolation wards at Al-Hussein Teaching 
Hospital in Al-Nasiriyah for patients diagnosed with 
COVID-19 and taking preventive treatment for bacterial 
infection in patients infected with COVID-19. Good sputum 
samples depend on thorough health care worker education 
and patient understanding throughout all phases of the 
collection process. Food should not be ingested 1 to 2 hours 
before take sputum, with the mouth just before sputum or 
saline rinsing. A deep coughed specimen should be 
instructed in patients. In order to decrease saliva 
contamination, the substantial should be excluded into a 
sterile container. Specimen transportation to the laboratory 
must be done immediately because even a moderate amount 
of time at room temperature can result in loss of some 
infectious agents, thus all the samples were transported to the 
laboratory to be inoculated on blood agar, MacConkey agar, 
and chocolate agar to be incubated at 37 ˚C for 24 to 48 
hours. 

Klebsiella pneumoniae isolates were performed using blood 
and MacConkey agar as the method that illustrated (Mahon 
& Manuselis 2000) . The primary detection of K. 
pneumoniae was assesses via culturing, microscopical, 
motility, and biochemical tests (catalase, ndole, oxidase, 
citrate utilization, urease and glucose) (Mahon & Manuselis 
2000). Muller-Hiton agar media were used for sensitivity 
test. The confirmatory diagnosis of this bacterium was done 
using Analytical Profile Index  (API) 20E system (Bio-
Merieux, France). Antimicrobial susceptibility test was 
performed by following Minimum Inhibitory Concentration 
(MIC) on Vitek2 compact system according to the CLSI 
(2020) and World Health Organization. Genomic DNA was 
extracted from bacterial growth. Specific primer set for 
cepA-f gene cepA-F 5`-CAACTCCTTCGCCTATCCCG-3` 
cepA-R 5`-TCAGGTCAGACC AAACGGCG-3` (Fang et 
al., 2002) was used by polymerase chain reaction (PCR) 
technique using specific primers with using PCR thermo 
cycler system (Eppendrof, UAS). The method was preceded 
according to instructions of the company. After PCR 
amplification, the reaction product was separated by 
electrophoresis on agarose gel (1 %) and then the PCR 
product image was taken (Sambrook & Rusell 2001). PCR 
products were sent by Macrogen Corporation – Korea, using 
ABI3730XL, an automated DNA sequences. The results 
were then emailed and analyzed with the appropriate genetic 
software https://www.ncbi. nlm.nih.gov/ . 

III. RESULTS: 

Klebsiella pneumonaie isolates which have been identified 
from sputum COVID-19 patients,was twenty one, included: 
17 (80.9%) isolates from male patients and 4 (19%) isolates 
from females. An antimicrobial susceptibility test was 
applied on the identified 21 out of 62 (33.8%) isolates of K. 
pneumonaie towards 15 different antibiotics that belongs to 
different generic classes of antimicrobial antibiotics. All 
isolates were resistant to ampicillin (100%), followed by 
cefazolin (71.4%). All isolates were high sensitive to 
amikacin, ciprofloxacine and tigecycline approximately 
100%, followed by 95.2% for levofloxacin. According to the 
results of antibiotics susceptibility test, this study has 
identified 11(52.3%) isolates that were confirmed ESPL 
positive by utilizing Vitek-2 system. 

Among the Cephalosporins class, all the positive 
ESPL isolates resist to all the antimicrobial agents in this 
group, surprisingly. However, Cefoxitin was still effective in 
fighting this microbe as recorded in 19 out of 21 sputum 
samples. On the other hand, isolates where negative to ESPL 
test were found susceptible to the several agents of 
antimicrobial classes, except isolates (K12 and K13) that 
unexpectedly have shown an extensive drug resistance as 
both were resist to 9 antimicrobial agents. While the rest 
recorded less than 2 antimicrobial agent resistances. Most 
notably, isolated Klebsiella spp. found susceptible to the 
antibiotics Amikacin, Ciprofloxacin, and Tigecycline in all 
the studied samples, suggests recommending these 
antimicrobial agents in fighting Klebsiella associated with 
Covid-19 infections. 

A DNA fragment encoding the open reading frame 
(1051 bp) of Cation-efflux pump FieF. It has shown 
successfully positive PCR band and was isolated from 10 
(47.6%) strains of K. pneumoniae (Figure 1). Samples were 
then sent for sequencing, and the obtained results have 
shown the nucleotide acid sequences of the Cation-efflux 
pump FieF from the above-mentioned Thi-Qar isolates were 
deposited in the GenBank under the accession numbers 
MZ069095- MZ069104. 

Multiple sequence alignment and phylogenetic 
neighbor‐joining trees for these fragments are shown in 
Figure 2. Similarly, translated sequence variants have also 
been examined against the reference (WP-008807873.1). 

IV. DISCUSSION: 

The effects of sex-differences on the results from the 
bacteriology shows that the 100 hospitalized confirmed 
infected patients with Covid-19. Collected sputum samples 
have shown a positive bacterial growth in 44 out of 62 
(70.9%) in males, whereas in females were only 18 out of 62 
(29.1%), suggesting the respiratory system of men are more 
susceptible to secondary bacterial growth and bacterial 
pneumonia than women (Barbagelata et al., 2020; 
Sharifipour et al., 2020). Most importantly of the chest 
nosocomial infections which have been  reported by this 
study, were found among non-elder groups in contrast to 
other studies highlighted advancement in age as one of the 
most deterministic factors in increasing the risk of death post 
Covid19 infections(Velavan & Meyer, 2020).  
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Figure 1: The amplification of CepA gene of K. pneumoniae 
(N=11) Samples were fractionated on agarose gel (1.5%) electrophoresis M: 

100bp ladder marker. Lanes 1-9 resemble 1051bp PCR products. 

 

 

Figure 2: Multiple sequence alignment of ten Fief amino acid 
sequences from ten clinical isolates of K.  Pneumoniae 

 

 

 

 

Secondary bacterial infections (pneumonia) of 
hospitalized patients that are usually resistant to most of the 
antimicrobial classes are considered as serious health issue 
faces that are still challenges to the entire medical field so 
far. One of these superbugs is K. pneumonaie. The results 
have come to confirm that, 11 out of 21 samples were tested 
by the Vitek2 were positive ESPL. This is due to production 
of plasmid-borne extended-spectrum β-lactamases that can 
be detected in this system (Garcia-Menino et al., 2021). It is 
worth mentioning that in most of the cases have reported that 
the prevalence of multidrug resistant K. pneumoniae in 

hospitals and healthcare centers post the Covid-19 pandemic 
were substantially higher than the pre-pandemic time in 
Wuhan-China and many other nations. These studies have 
shown a significant contribution from the MDR K. 
pneumoniae in the severity of the disease and the increased 
mortality rates among intubated patients (Li et al., 2020; 
Ramadan et al., 2020) .  

Since 11 isolates were strongly resistant to most of 
the Cephalosporins agents, it is therefore essential to study 
the gene that is responsible to the pathogen susceptibility to 
antiseptics, particularly chlorhexidine, as the sequences that 
render Klebsiella spp. vulnerable to chlorhexidine were 
found compatible with a cation efflux pump Fief (cepA) that 
is associated with the locus of Cephalosporins gene 
resistance (Fang et al., 2002). Genetic analysis on Cation-
efflux pump FieF gene extracted from 11 Klebsiella isolates 
revealed multiple single nucleotide polymorphisms (SNP) 
that have showed significant effects on protein transcription. 
The PCR findings were sequenced and submitted to the 
Genbank as the first K. pneumoniae cepA (FieF) segment 
attributed to multidrug resistance. In details, the translated 
nucleotide sequences of the ten FieF revealed a complete 
coding sequence (cds) with 300 amino acids. The multiple 
sequence alignment showed the translated amino acid 
sequence of the ten FieF sequences along with the reference 
FieF amino acid sequence (WP_001262961.1). It has 
conferred the presence of genetic variations in the form of 
single nucleotide polymorphism (SNP) among the whole 
length of FieF protein sequences (Wand et al., 2015). The 
phylogenetic tree based on the nucleotide sequences of FieF 
sequences which that recorded in this study conferred four 
clades. These clades were different from the four clades 
derived upon using the amino acid protein sequences. 
Finally, it is more informative to deduce the sequence 
variations according to the difference in amino acid 
sequences rather than the nucleotide sequences (Fang et al., 
2002).  

V. CONCLUSION 

 The results have indicated i the need for an urgent 
attention to secondary infections caused by multidrug 
resistant K. pneumoniae that is attributed by COVID-19 
infections. 
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