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Abstract

The VITEK®2 system may be used in this investigation to quickly identify bacteria and test them for susceptibility. Our goal
was to analyse the extended spectrum isolating isolates problem causing infections in Mansoura Hospital, Egypt, throughout a
2-year period from February 2020 to October 2021. We also wanted to assess the bacterial profile and frequency of antibiotic
resistance patterns of pathogens. Significant bacteremia was detected in 533 (2.563%) of the 21095 samples. A total of 533
isolates were examined; 502 (92%) of these were correctly recognized to the species level, while 31 (8%) of the isolates were
not. VITEK®2 required 3 hours for direct identification reporting. The broth of the isolates was used to assess susceptibility to
8 antibiotics: ampicillin, cefotaxime, tetracycline, clindamycin, azithromycin, ofloxacin, gentamicin, and penicillin. With
reporting times ranging from 2.6 to 16.4 h, the frequencies of susceptibility to the 8 antibiotics ranged from 75.5 to 82%,
respectively. This approach can enable same-day reporting in contrast to conventional approaches that need one or two days,
allowing for improved patient management. Escherichia coli made up 54 (26.6%) of hospital-acquired isolates and 35 (29.4%)
of community-acquired isolates, while Staphylococcus aureus came in second with 33 (11.22%) of hospital-acquired isolates
and 20 (17%) of community-acquired isolates, and Staphylococcus epidermidis came in third with 21 (7.14%) of hospital-
acquired isolates and 18 (15 The 8 antibiotics studied showed high rates of resistance; 685 (30.6%) and 361 (18%) of gram-
negative and gram-positive bacteria, respectively.
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1. Introduction

Infections of the bloodstream and urinary tract are
a common bacterial infection that both general
practitioners and hospital doctors face, a leading
source of illness and mortality [1, 2]. Acute UTIs
linked to significant morbidity and recurrent infection
issues. According to studies, around 25% of women
who have their initial UTI will have another incident
in 180 days. Furthermore, UTIs are a common reason
of septicemia, which leads to higher fatality rates,

longer hospital stays, and higher healthcare expenses
[3, 4].

The capacity to identify bacteria grown in blood
cultures more quickly, as well as the subsequent
adjustment of the right antibiotic prescription, is
essential to improve the outcome of sepsis patients.
Particularly in the outpatient setting, treatment must
always start before the whole bacteriological results
are available. Present information of the organisms
that cause infection and their susceptibility to
antibiotics is essential. Several factors affect how
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clinically bloodstream infections develop. Clinical
management for the patient is significantly influenced
by the type of bacteria involved and their susceptibility
to antibiotics [5-9].

Due to their high prevalence and disastrous impact
on mortality, morbidity, and cost, particularly in the
case of nosocomial infections, bloodstream infections
continue to be a major public health concern. Although
prompt administration of an effective antibiotic
regimen may reduce the length of hospitalization and
mortality in patients with bloodstream infections, [10—
12] delayed (and possibly less effective) treatment
frequently leads to more advanced stages of
bloodstream infection-related disease [13, 14].
Notably, septic shock, a particularly hazardous
symptom of sepsis, is most frequently caused by drug-
resistant and MDR pathogens, needing treatment
within an hour of detection [15].

Accurate and rapid identification of the
bloodstream infection causative agents and
development of antibiotic susceptibility profiles are
essential [16-18] for gquiding efficient targeted
antimicrobial treatment decisions. Reduced morbidity
and mortality, fewer lab tests and procedures, quicker
access to the right antimicrobial medication, shorter
stays in the hospital and critical care units, and lower
expenditures are all advantages for patients and the
healthcare system [18-22].

One of the key responsibilities of the clinical
microbiology laboratory is the detection of
bloodstream infections. Rapid bacterial identification
and susceptibility testing reduce expenses while
improving patient care and outcomes [23-25].

Automated identification and susceptibility testing
systems faced the challenge of changing their
validated protocol from using overnight bacterial
isolates taken from solid media to protocols allowing
direct inoculation from positive blood cultures in order
to reduce the amount of time required to obtain the
results. As a result, there may be a chance that
identification and susceptibility test results will be
available the same day that a positive blood culture is
discovered. The isolated colonies were then used for
susceptibility testing and identification. The use of
broad-spectrum antibiotics by doctors is influenced by
rising rates of antibiotic resistance; there is little other
option except to administer an empiric therapy prior to
the identification of the infection's etiological agent
[21, 26, 27].

Fast and perfect identification of gram-negative
rods is critical for the therapy of illnesses caused by
these bacteria, according to clinical microbiologists
and clinicians. Only a handful of the automated
identification techniques for gram-negative rods (and
other bacteria) have been developed and made
commercially available in recent years, including
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ATB, MicroScan, and VITEK. The new VITEK 2
system is significantly different from the previous
VITEK system in that it provides definite
identification findings for gram-negative rods
(including Enterobacteriaceae and non-enteric bacilli)
within 3 hours. This is due to modern technology
based on fluorescence that is more sensitive to
detecting metabolic changes and, as a result, enables
noticeably quicker identifications through enhanced
continuous monitoring of processes [28-30].

The market has long offered automated blood
culture systems and automated bacterial identification
and susceptibility testing systems [31]. New
automated fluorescence-based fluorescence-based
bacterial identification and susceptibility testing
instrument, the VITEK 2 system, has shown promise
in direct testing of positive blood cultures [19, 20, 32,
36-39]. Previous studies with pure bacterial cultures
suggested that this technique could speed up the
reporting of results by removing the need for overnight
isolation of isolated colonies for rapid direct microbial
identification from blood cultures and providing
accurate identification and susceptibility data [18, 36,
40-43]. The study's aim was to recognize the spatial
distribution of bacterial species in blood isolates and
the pattern of those bacteria's antibiotic susceptibility.

2. Materials and Methods
2.1. Isolation and purification of bacteria

The isolation and purification of pathogenic
bacteria done NA agar medium (1.25 gm peptone, 0.75
gm beef extract, 2 gm sodium chloride, 3.75 agar and
250 ml distilled water). The plates and the tubes
incubated for 24h at 37°C.

2.2. ldentification System

The filler-sealer unit, reader-incubator, computer
control module, data terminal, and multi-copy printer
make up the integrated VITEK 2's closed system. This
method allows for the detection of chemical reactions
and bacterial growth in the microwells of thin plastic
cards.

The manufacturer advises using the most recent
identity cards for gram-positive cocci (ID-GPC) and
gram-negative bacilli (ID-GNB) that have been
accepted for use with the VITEK 2 system for
identification by the U.S. Food and Drug
Administration. The 64-well ID-GNB included 41
tests total, including 18 tests each for sugar
fermentation and absorption, urease, malonate
utilisation, and tryptophane deaminase. There were
also two tests each for ornithine and lysine
decarboxylase. In the ID-GNB database, gram-
negative rods were classified into 101 different taxa.
Tests for motility, pigmentation, or indole were
frequently added when requested by Vitek 2 to address
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results showing a lack of differentiation. Sixteen
fermentation tests, two decarboxylase tests (ornithine
and arginine), twenty-two enzyme tests for
aminopeptidases and  aminopeptidases,  two
decarboxylase tests (pyruvate, optochin, novobiocin,
polymyxin B sulphate, and 6.5 percent NaCl), and two
enzymatic  tests for  aminopeptidases and
aminopeptidases are among the forty-six tests in the
64-well ID- GPC. If recommended by Vitek2, an
additional test for pigmentation conducted to address
low discrimination.

A biohazard waste container used to dispose of all
used playing cards. The most recent version of the
VITEK 2 software (VT2-R02-02) used. Gram-
negative bacilli represented by 101 distinct taxa in the
ID-GNB database and gram-positive cocci by fifty
different taxa in the ID-GPC database.

2.3. Antibacterial susceptibility testing

Results of the VITEK 2 direct susceptibility
method and the broth microdilution method with pure
cultures were compared in accordance with NCCLS
recommendations were used to evaluate the
susceptibility of bacterial isolates [44]. Ampicillin,
cefotaxime, tetracycline, clindamycin, azithromycin,
ofloxacin, gentamicin, penicillin were the eight
antibiotics examined. Examples of variances in
susceptibility that are classed as very big, major, or

small include being resistant with the VITEK 2 system
but sensitive by the reference technique, or being
resistant with the VITEK 2 system but resistant by the
reference method.

3. Results and Discussion
3.1. Isolation and purification of collected samples
Bloodstream infections are among the most severe
and sometimes fatal infectious diseases, and they are
most frequently seen in young children. Morbidity and
mortality can be prevented by receiving early
diagnosis and treatment [45]. Antimicrobial
medication must typically be administered empirically
to these patients. For a treatment to be effective,
pathogen and antimicrobial resistance patterns must be
accurately predicted [46]. Knowing the bacteria that
thrive in hospitals is crucial for this reason [47]. 533
(2.53%) of the 21095 blood samples tested during the
study period produced detectable germs. 255 (47.8%)
of the 533 samples came from in-patients, and 278
(52.2%) came from outpatients. The majority of blood
infection cases (21-55 years, 55%) were found in
individuals who were young and middle-aged. 70
(16%) pediatric patients (16-20 years) and 168 (32%)
elderly patients (60) made up the total number of
infections. Blood infections were shown to occur far
more frequently in females than in males, with 324
(61%) and 209 (39%), respectively (Table 1).

Table 1. Distribution of patients according to gender and age in a general Mansoura hospital in Egypt.

Age (years)
Gender 16-20 21-30 31-45 46-55 60 Total
Male 25 (36) 33 (33) 21 (35) 53 (39) 77 @2) 209 (39)
Female 45 (64) 67 (67) 39 (65) 82 (47) 91 (54) 324 (61)
Total 70 (13) 100 (19) 60 (11) 135 (25) 168 (32) 533 (100)

One of the most crucial procedures used to determine
sepsis is blood culture. Our findings were analysed,
and it was shown that considerable bacteriuria was
present in 2.53% of the blood samples from inpatients
and outpatients. Women made up the majority (61%
of patients) and made up the majority of adult patients
(87%), which supports a previous research indicating
adult women had a higher prevalence than men,
mostly for anatomic and physical reasons [48]. The
prevalence in the current study was 2.53% (Table 1).

3.2. VITEK 2 system identification

Being able to report identification and
susceptibility results directly from positive blood
cultures as soon as they indicate positive for growth is
very beneficial in reducing the time it takes to find the
proper therapy. In order to identify gram-positive and
gram-negative isolates from clinical samples within 3
hours, which may be clinically important, the VITEK
2 system combines a variety of advantages that may be
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of therapeutic significance. It has been demonstrated
that prompt reporting of microbiology results to
physicians lowers death rates significantly and
promotes the earlier start of suitable antibiotic
medication [24, 49]. According to findings from
earlier investigations, the VITEK 2 system properly
detected 85.3 to 100% of strains [40]. In our
investigation, the isolates were identified by the
VITEK 2 system 80% to 100%. However, from a
clinical perspective, it should be kept in mind that the
majority of Serratia marcescens isolates may be easily
separated from similar species by straightforward
additional tests. Of the Serratia marcescens isolates,
76% were identified with a poor level of
discrimination (Table 2).

Gram-positive pathogens made up 253 (47.5%)
of the pathogens, whereas Gram-negative pathogens
made up 280 (52.5%) of the total. Table 2 presents a
thorough examination of the etiological agents. In both
outpatient and inpatient instances, Escherichia coli
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was the most communal pathogen, represented for 35
(14.64%) and 54 (18.37%) of the causal agents,
respectively. Following E. coli, Staphylococcus
aureus, Staphylococcus epidermidis, Clostridium
tetani, Enterococcus spp. and Pseudomonas
aeruginosa, Salmonella typhi, and Listeria

monocytogenes, S. epidermidis and Enterobacter
aerogenes were the top blood-pathogens causing
inpatients at our hospital, with 33 (11.22%), 21
(7.14%), 20 (6.80%), 19 (6.46%), and 18 (7.53%)
respectively as shown in Table 2.

Table 2. Pathogenic bacteria isolated from the blood of inpatients and outpatients with infection.

Number (%) of microorganisms isolated from blood

Microorganisms Inpatients Outpatients

2020 2021 2020 2021
Gram-positive
Listeria monocytogenes 4 (3) 7 (4.4) 12 (10.2) 7(6)
Staphylococcus epidermidis 11 (8) 10 (6.3) 6(5.1) 12 (10)
Staphylococcus xylosus 2 (1.5) 6 (4) 7(6) 4(3.3)
Staphylococcus hemolytic 5(3.7) 9(5.7) 3(2.5) 10 (8.3)
Clostridium tetani 13 (9.5) 7(4.4) 11 (9.3) 5 (4.1)
Enterococcus spp. 8 (6) 11 (7) 3(2.5) 6 (5)
Staphylococcus aureus 12 (9) 21(13.3) 13 (11) 7(6)
Streptococcus pyogenes 6 (4.4) 3(2) 8 (7) 4 (3.3)
Gram-negative
Sphingomonas paucimobilis 7(5.1) 5(3.2) 2(1.7) 2(1.7)
Salmonella typhi 11 (8) 7(4.4) 12 (10.2) 9(7.4)
Escherichia coli 24 (17.6) 30 (19) 14 (12) 21 (17.4)
Klebsiella pneumonia 3(2.2) 5(3.2) 1(0.8) 3(2.5)
Pseudomonas aeruginosa 7(5.1) 12 (7.6) 6 (5.1) 8 (6.6)
Haemophilus influenzae 5(3.7) 2(13) 2 (1.7 1(0.8)
Acinetobacter spp. 3(2.2) 1(0.6) 5(5.1) 1(0.8)
Enterobacter aerogenes 2 (1.5) 5(3.2) 7 (6) 11 (9.1)
Serratia marcescens 4(3) 8 (5.1) 2(1.7) 3(2.5)
Proteus spp. 3(2.2) 7(4.4) 1(0.8) 2(1.7)
Bacteroides fragilis 6 (4.4) 2 (1.3) 3(2.5) 5(4.1)
Total 136 158 118 121

90% of Gram-positive bacteria and 91% of Gram-
negative are correctly identified on average at the
species level. In comparison to Gram-negative, Gram-
positive have a higher identification rate. We assessed
eight gram-positive and eleven gram-negative species
commonly encountered in the clinic, each with 10 or
89 bacterial strains. The system determines that the
identification is correct for bacterial species for which
the accuracy of identification is more than 90%. The
system determines that the identification is correct for
bacterial species for which the accuracy of
identification is more than 90%. 502 out of the 533
bacterial samples that were evaluated had the right
identification. The correct identification rates are
100% for L. monocytogenes, S. xylosus, S. aureus, S.
typhi, E. coli, and Haemophilus influenzae; 96% for S.
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hemolytic; 95% for S. epidermidis, Strep. pyogenes,
and 94% for C. tetani; 92% for K. pneumonia and
Proteus spp., 88% for P. aeruginosa. The remaining
31 samples were deemed unsuccessful because the
identification accuracy fell below 90%. (Table 3).
Salmonella spp., S. aureus, Klebsiella, and
Streptococci species, in that order, were most often
isolated in blood cultures at Gaziantep Children's
Hospital [50]. E. coli and Klebsiella sp. were the most
frequently isolated germs in a different investigation.
The most frequent isolates, according to Birol et al.,
were 1000 Staphylococci spp. (35.6%), 782 S. aureus
(27.8%), and 303 E. coli (10.8%) [51]. Developing
bacteria differ amongst hospitals. Patients in Egypt
with bloodstream infections participated in this study.
Isolated microorganisms vary among regions, as
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shown in the investigations. In this study, E. coli
(16.7%), S. aureus (9.94%), S. typhi (7.31%), S.
epidermidis (7.31%), C. tetani (6.75%), P. aeruginosa
(6.2%), and L. monocytogenes (5.62%) were the most
frequently isolated microorganisms. standard practice
(>96 % both for Gram-positive and Gram-negative)
(Table 3). Using VITEK 2, similar outcomes for direct
susceptibility have also been reported by [36, 38].
According to a study on nosocomial blood
toxicities in  Brazilian  paediatric  patients,
Staphylococci (21.3%), Klebsiella spp. (15.7%), S.
aureus (10.6%), and Acinetobacter spp. (9.2%) were
the most frequently isolated pathogens [52]. The most

frequent cause of nosocomial bloodstream infections,
according to reports, is S. aureus, followed by K.
pneumoniae and Staphylococci sp. [53]. According to
our statistics, E. coli continues to be the blood
bacterium that causes sepsis most frequently in both
community and hospital settings. Our results are
therefore in line with those of other research [54] in
which E. coli was the most common pathogen
recovered from both inpatients and outpatients.
Additionally, S. aureus was found to be the second
most frequent isolate from patients in our
investigation, which is consistent with data from other
studies that have reported [55] (Table 3).

Table 3. Identification rates of bacterial identification from outpatients vs. inpatients in Mansoura Hospital.

Organism No. of tested isolates No. (%) of correctly identified isolates

Gram-positive

Listeria monocytogenes 30 30 (100)
Staphylococcus epidermidis 39 37 (95)
Staphylococcus xylosus 19 19 (100)
Staphylococcus hemolytic 27 26 (96)
Clostridium tetani 36 34 (94)
Enterococcus spp. 28 24 (86)
Staphylococcus aureus 53 53 (100)
Streptococcus pyogenes 21 20 (95)
Gram-negative

Sphingomonas paucimobilis 16 13 (81)
Salmonella typhi 39 39 (100)
Escherichia coli 89 89 (100)
Klebsiella pneumonia 12 11 (92)
Pseudomonas aeruginosa 33 29 (88)
Haemophilus influenzae 10 10 (100)
Acinetobacter spp. 10 8 (80)
Enterobacter aerogenes 25 22 (88)
Serratia marcescens 17 13 (76)
Proteus spp. 13 12 (92)
Bacteroides fragilis 16 13 (81)

Total 533 502 4)

3.3. VITEK 2 direct susceptibility test

The differences in antibiotic susceptibility between
isolates from community patients and hospital patients
may be caused by the presence of extra risk factors for
antibiotic resistance in the hospital population.
Frequent use of antibiotics, underlying disease, and the
presence of intrusive equipment are a few of these.
Alarmingly high levels of resistance to various
routinely used antibiotics have been found in E. coli
and other bacteria. For instance, the level of E. coli
resistance to routinely used oral antibiotics among
inpatients and outpatients is very high. E. coli had
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substantially greater levels of fluoroquinolone
resistance than those found in recent investigations
conducted in Kuwait [56], Europe, and Canada [57].
The recent recognition of fluoroquinolone exposure as
a separate threat factor for ciprofloxacin-resistant E.
coli from in patients [58] may have contributed to this
high degree of resistance. One of the antibiotics that
general practitioners in Mansoura most frequently
prescribe is ciprofloxacin. According to Tables 4 and
5, our study demonstrates that the prevalence of E. coli
is higher in Mansoura Hospital than in other countries
in the region [59, 60].
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Table 4. Frequency and percentage of resistant Gram-positive pathogens isolated from outpatients vs. inpatients in Mansoura

Hospital.

Total No. Percentage of Out vs. In bacteria resistant to
Pathogen Year OfO'fji}f;es AMP CTX TCN CM Azl OFX GM  PCN
2020 12/4 - - 12/11 - 5/8 716 23/20  19/23
L. monocytogenes 2021 717 - - 8/13 - 7/10 5/8 21/18  21/25
19/11 - - 10/12 - 6/9 6/7 22/19 20/24
2020 6/11 11/7 6/14 20/24 - 12/16 16/21 17/15 18/21
S. epidermidis 2021 12/10 13/9 10/12  26/18 - 28/24 22/27 23/27 16/23
18/21 12/8 8/13  23/21 - 20120  19/24 20121 17/22
2020 7/2 27/23  15/17  20/21  19/18 21/23 16/25 11/19 13/11
S. xylosus 2021 4/6 29/27  25/23 18/29 11/16  19/21 18/11 21/27 17/15
11/8 28/25 20/20 19/25 20/17  20/22 16/18 16/23 15/13
2020 3/5 11/13  28/20  24/21 8/6 22/19  23/21 6/9 6/11
S. hemolytic 2021 10/9 21/23  24/24  20/25 6/6 20/19 23/27 14/21 10/13
13/14 16/18  26/22  22/23 716 21/19 23/24 10/15 8/12
2020 11/13 7/12 8/9 6/10 5/5 716 5/9 5/8 10/13
C. tetani 2021 5/7 13/16 6/7 8/12 7/5 9/8 15/13 7/6 12/15
16/20 10/14 7/8 7/11 6/5 8/7 10/11 6/7 11/14
2020 3/8 10/13 - 5/7 - 23/20 - 10/13  24/23
Enterococcus spp. 2021 6/11 12/7 - 9/11 - 19/22 - 12/15  26/25
9/19 11/10 - 7/9 - 21/21 - 11/14 25/24
2020 13/12 - 20/23 - 10/8  20/19  20/23 21/24  80/93
S. aureus 2021 7/21 - 22/19 - 12/10 22/21 24/17 23/22 84/89
20/33 - 21/21 - 11/9  21/20  22/20 22/23  82/91
2020 8/6 - 18/16 - 29/27  21/26  14/12 9/5 16/19
Strep. pyogenes 2021 4/3 - 22/26 - 31/29 19/18  10/16 13/15  18/13
12/9 - 20/21 - 30/28  20/22 12/14 11/10 17/16

AMP: Ampicillin, CTX: Cefotaxime, TCN: Tetracycline, CM: Clindamycin, AZI: Azithromycin, OFX: Ofloxacin, GM: Gentamicin, PCN:

Penicillin.

The susceptibility of the Gram-positive and
Gram-negative isolates is shown as resistance rates
(Tables 4 and 5). Gram-negative bacteria from
inpatients were typically more resistant to
antimicrobials than those from outpatients. Table 4
lists the frequencies of resistance for gram-positive
bacterial isolates. Azithromycin, gentamicin, and
penicillin were all effective treatments for the gram-
positive isolates. None of the L. monocytogenes, S.

aureus, and Strep. pyogenes isolates were resistant to
ampicillin; L. monocytogenes and Enterococcus spp.
isolates were resistant to cefotaxime; S. aureus, and
Strep. pyogenes isolates were resistant to tetracycline,
L. monocytogenes, S. epidermidis, and Enterococcus
spp. isolates were resistant to clindamycin;
Enterococcus spp. isolates were resistant to ofloxacin.
The resistance percentages of Gram-negative isolates
are displayed in Table 5.

Table 5. Frequency and percentage of resistant Gram-negative pathogens isolated from outpatients vs. inpatients in Mansoura

Hospital.
Total No. of Percentage of Out vs. In bacteria resistant to
Pathogen Year 'éou'fltﬁf AMP CTX TCN CM  AZI  OFX GM  PCN
2020 217 11/10  9/12 - - 11/13 - 12/10  9/13
S. paucimobilis 2021 2/5 13/10  7/10 - - 15/17 - 16/12  11/13
4/12 12/10  8/11 - - 13/15 - 14/11  10/13
2020 12/11 1715 719 - - - - - 5/6
S. typhi 2021 9/7 9/11 1313 - - - - - 714
21/18 13/13  10/11 - - - - - 6/5
E coli 2020 14/24 62/72  11/23  22/21 - 24/20  27/25 11/14  6/5
' 2021 21/30 60/74  13/21  24/23 - 18/20 23/21  9/12 8/7
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35/54 61/73  12/22  23/22 - 21/20  25/23  10/13 716
2020 1/3 9/12  22/20 19/23 5/6 11/10  19/17 - 16/11
K. pneumonia 2021 3/5 11/14  18/24  21/17 5/4 13/12  21/25 - 14/15
4/8 10/13  20/22  20/20 5/5 12/11  20/22 - 15/13
2020 6/7 - - - - 20/19 6/7 - 15/14
P. aeruginosa 2021 8/12 - - - - 16/15 4/11 - 13/12
14/19 - - - - 13/12  10/9 - 14/14
2020 2/5 - 11/9 - 5/7 6/12 - - 10/11
H. influenzae 2021 1/ 2 - 13/11 - 7/9 14/8 - - 10/13
317 - 12/10 - 6/8 10/10 - - 10/12
2020 5/3 - 9/12 - 19/23 5/6 11/10  19/17  16/11
Acinetobacter spp. 2021 1/1 - 11/14 - 21/17 5/4 13/12  21/25  14/15
6/4 - 10/13 - 20/20 5/5 12/11  20/22  15/13

2020 712 7/11  15/13 - 11/12  10/13  17/20 12/10  10/8

E. aerogenes 2021 11/5 13/11 717 - 13/10 14/15 13/10 14/8 12/6
18/7 10/11  11/10 - 12/11  12/14  15/15 13/9 11/7
2020 2/4 9/12 6/9 10/12  8/11  16/12  10/13 - 13/10
S. marcescens 2021 3/8 11/14 8/9 10/8 10/5  10/14  12/11 - 11/10
5/12 10/13 6/9 10/10 9/8 13/13 11/12 - 12/10
2020 1/3 - - 9/12  22/20  19/23 5/6 11/10  19/17
Proteus spp. 2021 217 - - 11/14  18/24  21/17 5/4 13/12  21/25
3/10 - - 10/13  20/22  20/20 5/5 12/11  20/22
2020 3/6 - 12/15  20/17  8/113 - - 6/9 12/11

B. fragilis 2021 5/2 - 12/13  16/17  12/11 - - 4/5 8/9
8/8 - 12/14  13/14  10/12 - - 5/7 10/10

MP: Ampicillin, CTX: Cefotaxime, TCN: Tetracycline, CM: Clindamycin, AZI: Azithromycin, OFX: Ofloxacin, GM: Gentamicin, PCN:

Penicillin.

All the Gram-negative isolates were susceptible to
penicillin. No one of the P. aeruginosa, H. influenzae,
Acinetobacter spp., Proteus spp., and B. fragilis
isolates were resistant to ampicillin; P. aeruginosa and
Proteus spp. isolates were resistant to cefotaxime; S.
paucimobilis, S. typhi, P. aeruginosa, H. influenzae,
Acinetobacter spp., E. aerogenes, and Proteus spp.
isolates were resistant to tetracycline; S. paucimobilis,
S. typhi, E. coli, and P. aeruginosa isolates were
resistant to clindamycin; P. aeruginosa and Proteus
spp. isolates were resistant to cefotaxime; S. typhi and
B. fragilis isolates were resistant to azithromycin; P.
aeruginosa, S. typhi, and B. fragilis isolates were
resistant to ofloxacin; S. typhi, K. pneumonia, P.
aeruginosa, H. influenzae, and S. marcescens isolates
were resistant to gentamicin (Table 5).

Our findings indicated a marked decline in
susceptibility to common community antibiotics. For
many of the blood pathogens isolated in this
investigation, ampicillin, tetracycline, clindamycin,
ofloxacin, and gentamicin did not provide adequate in
vitro coverage. As empirical therapy choices in an

outpatient

departmental

environment,

they are

therefore not very useful. The only medications that
continue to be effective against the majority of blood
pathogens and can be used as initial treatment for mild
sepsis, particularly in the community, are cefotaxime,
azithromycin, and penicillin (Tables 4 and 5The
current findings might be an indication of our region's
increased usage of prescribed drugs to treat diseases
picked up in hospitals or the community, like sepsis or
respiratory tract infections. This excessive use of
antibiotics may favour phenotypes of multidrug-
resistant E. coli, which have the potential to spread
throughout our region. In our region, additional
community-level investigations on antibiotic usage are
required to confirm this presumption. In general, the
blood pathogens isolated in this investigation were
effectively covered by the in vitro activity of the drugs
gentamicin, cefotaxime, azithromycin, and penicillin.
For very unwell hospital patients with suspected
sepsis, this information will be helpful in selecting
empiric therapy (Table 6).

Table 6. Diagnostic accuracy of the VITEK 2 system for detection of resistance to 8 antibiotics with pathogenic isolates gram-

positive (n = 253), and gram-negative (n = 280).

Antibacterial agents No. of antibacterial tests

Sensitivity Resistance

Gram-positive
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Ampicillin 104 41.1% 149 58.9%
Cefotaxime 58 23% 195 77%
Tetracycline 74 29.2% 179 7.8%
Clindamycin 2024 97 38.3% 156 3%
Azithromycin 253 100% NA NA
Ofloxacin 28 11.1% 225 88.9%
Gentamicin 253 100% NA NA
Penicillin 253 100% NA NA
Total 1663 82% 361 18%
Gram-negative

Ampicillin 82 28.3% 198 71.7%
Cefotaxime 46 16.4% 234 83.6%
Tetracycline 133 47.5% 147 52.5%
Clindamycin 177 63.2% 108 36.8%
Azithromycin 2240 55 19.6% 225 80.4%
Ofloxacin 81 29% 199 71%
Gentamicin 111 39.6% 169 60.4%
Penicillin 280 100% NA NA
Total 1555 69.4% 685 30.6%
Overall 4264 3218 75.5% 1046 24.5%

The VITEK 2 also showed excellent accuracy for
detection of resistant Gram-positive isolates (82%
sensitivity and 18% Resistance) and resistant Gram-
negative isolates (69.4% sensitivity and 30.6%
Resistance), as well as the resistance and sensitivity
degrees of Gram-positive isolates shown in Table 6.
Ampicillin was sensitivity rate for 104 strains with
41.1% and resistant rate for 149 strains with 58.9%.
Cefotaxime was sensitivity rate for fifty-eight strains
with 23% and resistant rate for 195 strains with 77%.
Tetracycline was sensitivity rate for seventy-four
strains with 29.2% and resistant rate for 179 strains
with 7.8%. Clindamycin was sensitivity rate for
ninety-seven strains with 38.3% and resistant rate for
156 strains with 3%. Ofloxacin was sensitivity rate for
twenty-eight strains with11.1% and resistant rate for
225 strains with 88.9%. While azithromycin,
gentamicin, and penicillin were sensitivity rate for 253
strains with 100% and no resistant rate had detected
(Table 6).

The resistance and sensitivity degrees of Gram-
negative bacterial isolates shown in Table 6.
Ampicillin was sensitivity rate for eighty-two strains
with 28.3% and resistant rate for 198 strains with
71.7%. Cefotaxime was sensitivity rate for forty-six
strains with 16.4% and resistant rate for 234 strains
with 83.6%. Tetracycline was sensitivity rate for 133

strains with 47.5% and resistant rate for 147 strains
with 52.5%. Clindamycin was sensitivity rate for 177
strains with 63.2% and resistant rate for 108 strains
with 38.8%. Azithromycin was sensitivity rate for
fifty-five strains with 19.6% and resistant rate for 225
strains with 80.4%. Ofloxacin was sensitivity rate for
eighty-one strains with 29% and resistant rate for 199
strains with 81%. Gentamicin was sensitivity rate for
111 strains with 39.6% and resistant rate for 169
strains with 60.4%. Penicillin was sensitivity rate for
280 strains with 100% and no resistant rate had
detected (Table 6). There may be a number of
variables that contribute to the increased prevalence of
bacteria as a cause of sepsis, including the kind of
patients, advancements in patient surgical and medical
management, excessive use of broad-spectrum
antibiotics, and a high prevalence of diabetes mellitus
and obesity [61]. An established risk factor for adult S.
aureus infection, diabetes mellitus was present in 36%
of the sepsis patients in a prior investigation.
Additionally, prior research indicates that S. aureus
colonises the vagina of both pregnant and non-
pregnant people at a significant rate [62]. Gram-
negative bacterial resistance rates were often lower in
outpatients than inpatients, which is consistent with
observations made across the globe [63, 64] (Table 6).

Table 7. Comparison of direct susceptibility testing of bacteria with the standard approach.

No. (%) of No. (%)
No. of - . No. (%) of No. (%) of No. (%)
Organism tested _corre_c_tly Antibacterial Agreements Minor of Major of V_ery
. identified tests . major
isolates - with standard errors errors
isolates errors
Gram-positive 253 243 2024 1663 (81) 301 (15) 30 (2) 30 (2)
L. monocytogenes 30 30 (100) 240 150 (7.4) 83 (4.1) 4(0.2) 2(0.1)
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S. epidermidis 39 37(95) 312 273 (13.5) 33(1.6) 3(0.15) 3(0.15)
S. xylosus 19 19 (100) 152 152 (7.5) 0 0 0
S. hemolytic 27 26 (96) 216 216 (11) 0 0 0
C. tetani 36 34 (94) 288 288 (14.2) 0 0 0
Enterococcus spp. 28 24 (86) 224 140 (7) 71 (3.5) 10 (0.5) 1(0.05)
S. aureus 53 53 (100) 424 318 (15.7) 96 (4.7) 5(0.25) 5(0.25)
Strep. pyogenes 21 20 (95) 168 126 (6.2) 39 (2) 1 (0.05) 2(0.1)
Gram-negative 280 259 2240 1555 (69.4) 655 (29.2) 18 (0.8) 12 (0.5)
S. paucimobilis 16 13 (81) 128 80 (3.6) 44 (2) 2(0.1) 2(0.1)
S. typhi 39 39 (100) 312 117 (5.2) 189 (8.4) 3(0.13) 3(0.13)
E. coli 89 89 (100) 712 623 (28) 87 (4) 1(0.04) 1(0.04)
K. pneumonia 12 11 (92) 96 84 (3.75) 11 (0.5) 1(0.04) 0
P. aeruginosa 33 29 (88) 264 99 (4.4) 157 (7) 5(0.22) 3(0.13)
H. influenzae 10 10 (100) 80 40 (1.8) 37(1.7) 1(0.04) 2(0.1)
Acinetobacter spp. 10 8 (80) 80 60 (2.7) 18 (1) 1(0.04) 1(0.04)
E. aerogenes 25 22 (88) 200 175 (8) 21(0.9) 2(0.1) 2(0.1)
S. marcescens 17 13 (76) 136 119 (5.3) 13 (0.6) 2(0.1) 2(0.1)
Proteus spp. 13 12 (92) 104 78 (3.5) 23 (1.03) 2(0.1) 1(0.04)
B. fragilis 16 13 (81) 128 80 (3.6) 42 (2) 2(0.1) 3(0.13)
Total 533 502 (94) 4264 3218 (0.75) 998 (23.4) 41 (1) 7(0.2)

502 (94%) of the 533 gram-positive and gram-
negative bloodstream isolates were successfully
identified by the VITEK 2 equipment. Gram-negative
isolates were (n = 31) while unidentified gram-positive
isolates were (n = 10). 94% of isolates were
successfully identified following repeated testing,
with findings being provided after times ranging from
1 hour 42 minutes to 5 hours 33 minutes (median, 2 h
20 min). Of the 253 Gram-positive bacterial strains
utilised for direct VITEK 2 testing that were
consecutively collected, identified at the species level,
and tested. The distribution of category agreement and
error rates between the two approaches is presented in
Table 7, and results are contrasted to those from the
traditional culture-dependent VITEK 2 AST method.
The samples underwent 2024 antimicrobial tests in all.
According to Table 7, the two approaches had an
overall category agreement rate of 81% (1663/2024),
with minor error rates of 15% (301/2024), major error
rates of 2% (30/2024), and very significant error rates
of 2% (30/2024). Additionally, 280 Gram-negative
strains at the species level were isolated and used for
direct AST analysis on VITEK 2. Table 7 shows the
distribution of group agreement and error degrees for
the direct and culture-dependent methods. 2240
antimicrobial tests were conducted on the Gram-
negative material in total. As indicated in Table 7,
there was a 69.2% (1555/2240) overall category
agreement, with rates for minor mistakes of 29.2%
(655/2240), significant errors of 0.8% (18/2240), and
very major errors of 0.5% (12/2240).

4. Conclusions

We are aware that the majority of isolates from the
community that are evaluated in our laboratory and
many blood infections treated with bacteriological
testing may have originated from patients whose
previous antimicrobial treatments had unsuccessful
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from patients with additional causal threat issues.
Therefore, the findings of our investigation could not
accurately reflect the dispersal and pattern of antibiotic
resistance of the blood pathogens causing acute,
simple infections and might not always be used as a
foundation for developing recommendations for the
empirical management of sepsis. However, they
underline the need for further research into the
distribution and susceptibility of microorganisms
causing simple sepsis, which should reveal the best
antibiotic to use as an empirical treatment. The
findings of our study also improved our understanding
of the pathogen kinds and patterns of resistance to
antibiotic medications that cause blood infections in
hospitalized patients who are both inpatients and
outpatients. In the hospital context, in particular, this
knowledge would aid clinicians in selecting the best
empirical treatment.
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