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Abstract Avrticle History

Background: Septicemia is common in neonates and is one of the leading causes of morbidity and mortality | Received: 07 Sept 2023
in the early stages of life. With positive signs and symptoms, early-stage diagnosis and treatment of neonates | Accepted: 21 Sept 2023
are important to decrease death rates and complications. This article will provide an in-depth study to evaluate | Published: 24 Sept 2023
the resistance pattern including multi, extensive and pan drugs resistance in septicemic infants.

Materials and Method: A descriptive cross sectional study was carried out at Rehman Medical Institute
(RMI), Hayatabad Medical Hospital (HMC) and Khyber Teaching Hospital (KTH), Peshawar, Khyber
Pakhtunkhwa (KP) and 999 blood samples were collected from septicemic infants (1 day to 1 year of age)
belonging to both genders. Blood was screened for the presence of pathogenic bacteria and their complete
data was collected and analyzed with SPSS-20.

Results: In total 999 collected blood samples, 105 (10.5%) were found positive for septicemia. In these 105
positive cases, males were 70 (66.6%) while 35 (33.3%) were female infants. Out of 105 positive cases, 66
(62.8%) revealed growth of Gram positive while 39 (37.1%) for Gram negative bacteria. The most common
Gram positive bacterial isolates were Staphylococcus aureus 56 (53.3%) and Enterococcus spp 10 (9.5%)
while Gram negative were Klebsiella pneumonia 11 (10.5%) followed by Escherichia coli 10 (9.5%),
Pseudomonas aeruginosa 7(6.7%), Acinetobacter baumannii 5 (4.8%), Stenotrophomonas mettophilia 3 | License: CC BY 4.0*
(2.9%) and Enterobacter, Serratia and Citrobacter spp (one isolate each). @ ®

Scan QR code to view*

Conclusion: The S. aureus isolates were resistant to Penicillin and Cephalosporin while were sensitive to
Glycopeptides and Oxazolidinone group. The Enterococcus isolates were resistant to Aminoglycoside and
Macrolides group while were sensitive to Glycopeptides, Rifamycin and Oxazolidinone. The isolates of Open Access article.
Enterobacteriaceae were mostly resistant to penicillins and were sensitive to colistin and Piperacillin/
Tazobactam. In the current study 63.8% isolates were MDR, 2.9% XDR and luckily no PDR isolate was
found.
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Introduction vascular clumps, hence requiring quick antimicrobial
The presence of bacteria/bacterial toxins, which usually cause treatment (Negussie et al., 2015).
prostration and fever, is known as septicemia and is one of the
most severe bacterial infections often reported in neonates A variety of Gram positive and negative bacterial species have
(Liew et al 2006). Septicemia has been found to play a major been reported as the causative agents including E. coli,
role in neonatal morbidity and mortality around the globe Klebsiella species, Neisseria meningitides, Haemophilus
(Shen et al 2017.). Sepsis has also been reported to turn into influenza, P. aeruginosa, Streptococcus agalactiae,
life threatening condition, causing sepsis shock or severe Streptococcus pneumonia, Streptococcus pyogenes, Coagulase
sepsis in later stages. Weak immune system makes infants and Negative Staphylococci (CoNS), Enterococcus faecium and S.
children the easiest targets and lung, abdominal and urinary aureus and are usually identified by blood cultures (Dagnew
tract infections are the common causes of sepsis. The disease et al., 2013). Antibiotics play a key role to control bacterial
then spreads and infects other organs and is distributed to infections, but due to increased and misuse of these antibiotics,
the bacterial pathogens have developed different strategies to
overcome the action of these antimicrobial agents. The key

¢ This work is published open access under the Creative Commons Attribution License 4.0, which permits free reuse, remix, redistribution and transformation provided due credit is given.
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strategies developed by these pathogens include; enzymes
produced by genes to degrade the drugs, changing the drugs
targets inside microbial cell and efflux pumps that pumps the
drugs out of the cell (Gerard, 2011). The resistance to
antimicrobials can be classified into different types based on
number of antibiotics to which a pathogenic microorganism is
resistant (Merli et al., 2015). The Centre for Disease Control
and Prevention (CDC) have revised the concept of antibiotic
resistance to better compare, explain and provide
comprehension and use the terms like Multi Drug Resistant
(MDR), Extensive Drug Resistant (XDR) and Pan Drug
Resistant (PDR). The MDR is defined as acquired non-
susceptibility to at least one agent in three or more
antimicrobial categories, XDR as non-susceptibility to at least
one agent in all but two or fewer antimicrobial categories (i.e.
bacterial isolates remain susceptible to only one or two
categories) and PDR as non-susceptibility to all agents in all
antimicrobial categories (Magiorakos et al., 2012).

A research showed that S. aureus was the most prevalent
bacteria in the infected children (Beaudoin, T etal., 2017). The
S. aureus along with other bacteria were susceptible to
Vancomycin and the lowest sensitivity was to Aztreonam
irrespective of the blood type and sex (Rivers and Ahrens
2008). In another research, out of 1060, 393 (37.1%) were
declared as MDR, 146 (13.8%) XDR and no PDR were found.
The bacterial species were susceptible to Colistin and
Vancomycin (Basak et al., 2016). Diagnosis and treatment of
the neonates with positive sign and symptoms for septicemia
are important to decrease death rate and complications.
Different symptoms of the disease can give best predictions of
positive blood samples however with low specificity and
sensitivity and isolating the causing pathogens is still the gold
standard for treating septicemia (Kayange et al., 2010).

Therefore, the current research project was designed to
evaluate the prevalence of different pathogenic species of
bacteria responsible for septicemia in infants and to determine
the antimicrobial sensitivity pattern in terms of MDR, XDR
and PDR in study area.

Materials and methods

Study Design

The cross sectional study was designed at the Center of
Biotechnology and Microbiology, University of Peshawar. A
total of 999 suspected neonatal blood samples were collected
from both gender with less than one year of age in an aseptic
condition at Hayatabad Medical Hospital (HMC) and Khyber
Teaching Hospital (KTH), Peshawar, KhyberPukhtunkhwa,
Pakistan.

Inclusion and Exclusion Criteria

Neonates with complaints of fever or very mild body
temperature, shaking chills, rapid pulse, fast breathing,
vomiting and diarrhea were included in the study while the
neonates with previous history of either fungal or parasitic
infestations or those taking antibiotics were excluded.

Research article

Isolation of Bacterial Isolates

All blood samples were processed for bacterial growth using
BACTEC analyzer (BD, USA), an automated blood culture
system. No bacterial growth in samples after 5 days were
reported negative for blood culture while positive blood
culture samples were further sub-cultured on different media;
blood and MacConkey agar, and were incubated for 24h at
37°C for the bacteria growth. After sub-culturing, Gram
staining was performed on all positive blood culture samples
to differentiate between Gram negative and positive isolates
(Thairu et al 2014). Biochemical tests like Coagulase,
Catalase, and DNase were performed for Gram Positive Cocci
(GPC) while Oxidase, Urease, Triple Sugar Iron (TSI) and
Citrate tests were performed in case of Gram-negative bacilli
(Hsueh et al., 2005).

Determination of Methicillin Resistant Staphylococcus
aureus

The GPC were further checked for confirmation of Methicillin
Resistant Staphylococcus aureus (MRSA) using cefoxitin
disc. A disc of cefoxitin was place on the inoculated culture
plate of S. aureus and incubated for 24h at 37°C. The zone of
inhibition of the test organism less than 22mm were interpreted
MRSA.

Antimicrobial Sensitivity Pattern

The in-vitro antibiotic susceptibility patterns of the bacterial
isolates were determined according to the Kirby-Bauer disc
diffusion method (CLSI, 2006). A lawn of pure culture was
prepared on sterile Muller Hinton Agar (MHA) plates and
selected antibiotic discs (Table 1) were placed on it.
Afterwards, the plates were incubated for 24h at 37°C, zone of
inhibition (in millimeters) were measured and susceptibility
(sensitive, intermediate, or resistance) of each drug was
determined after incubation. The results obtained in this way
were inferred from the reference provided by Clinical and
Laboratory Standard Institute 2017 (CLSI-2017).

Results

Prevalence of Bacterial Isolates

The current study screened 999 neonatal blood samples
collected from HMC and KTH hospitals of Peshawar. Of the
isolates, 105 (10.5%) blood samples yielded bacterial growth.
Among these 105 neonates, 70(66.6%) were male patients
while the remaining 35(33.3%) were female (Fig. 1). Out of
these 105 isolates, 66 (62.8%) were Gram positive while
39(37.1%) were Gram negative bacteria. Among Gram
positive bacterial isolates, S. aureus was the most prevalent 56
(84.4%) followed by Enterococcus spp 10 (15.6%). In case of
Gram negative, Klebsiella pneumonia was the most prevalent
isolate 11(28.2%) followed by E. coli with 10(25.6%), P.
aeruginosa 7(17.9%), Acinetobacter baumannii 5(12.8%),
Stenotrophomonas mettophilia 3(7.6%) while one isolate was
found positive for each of Citrobacter, Enterobacter and
Serratia (Table 1). All the isolates were then stored at -4°C for
further analysis.
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Figure 1: Prevalence and gender wise distribution of culture positive isolates (n=999).

Table 1: Frequency distribution of bacteria isolated from blood samples of neonates (n=105)

S.No Bacterial Isolate

Frequency Percentage

Gram Positive bacterial isolate

1 Methicillin Sensitive Staphylococcus aureus (MSSA)
Methicillin Resistant Staphylococcus aureus (MRSA)

N

3 Enterococcus spp

Gram Negative bacterial isolate

1 Klebsiella pneumonia

2 Escherichia coli

3 Pseudomonas aeruginosa

4 Acinetobacter baumannii

5 Stenotrophomonas mettophilia
6 Enterobacter spp

7 Serratia spp

8 Citrobacter spp

11 16.6
45 68.1
10 151
11 28.2
10 25.6
7 17.9
5 12.8
3 7.6
1 2.5
1 2.5
1 2.5

Identification of the Bacterial Isolates

Gram staining (microscopic examination) of the bacterial
isolates were performed to differentiate between Gram
positive and negative bacteria. Gram positive bacteria give
purple while Gram negative give pink color after staining.
Based on the results of Gram staining, 66 (62.8%) were
identified as Gram positive while 39 (37.1%) as Gram
negative, out of the total 105 culture positive blood samples.
The Gram positive cocci with positive results for catalase,
coagulase and DNase were further checked against Cefoxitin
for confirmation of Methicillin Resistant Staphylococcus
aureus (MRSA). The GNR exhibiting negative results for
citrate, urease and oxidase activity were preceded for TSI to
observe either yellow slope (acidic reaction) or yellow butt
(acidic reaction) for the presence of E. coli. For Gram Negative
rods identification like Pseudomonas species, isolates with
oxidase and citrate positive but urease negative were noted if
these can show a basic TSI reaction (red slope and red butt)
while for other GNR isolates confirmation i.e. Enterobacter

species, the cultures with citrate positive but oxidase and
urease negative were treated for an acidic TSI reaction.

Prevalence of Methicillin Resistant Staphylococcus aureus
The current study identified a total of 56 (53.3%) S. aureus
isolates among which 45(80.3%) were found resistant to
cefoxitin antibiotic and were interpreted as MRSA while the
remaining 11(19.7%) isolates were identified as MSSA as
shown in Table 1.

Antibiotics Sensitivity Pattern of Staphylococcus aureus
The results of antibiotic sensitivity pattern of S. aureus and
enterococcus isolates are given in Tables 2 and 3. The S.
aureus, the most prevalent isolate in this study, were resistant
to FOX, AMP, ERY and were sensitive to LZD and VAN. The
Enterococcus isolates were resistant to AMP, ERY, CHL, CN
and PEN while were sensitive to MIN, LZD, VAN, RIF and
TEC.
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Table 2:

Antibiogram of S. aureus isolated from blood samples against selected antibiotics

S.NO Antibiotic Concentration (ug) Percent Resistance Percent Susceptibility
1 Cefoxitin 30 80.3 19.7
2 Ampicillin 10 93.0 7.0
3 Erythromycin 15 91.2 8.8
4 Clindamycin 2 22.8 77.2
5 Ciprofloxacin 5 70.2 29.8
6 Co-Trimoxazole 25 66.7 33.3
7 Chloramphenicol 30 8.8 91.2
8 Doxycycline 30 175 82.5
9 Gentamycin 10 57.9 42.1
10 Amikacin 30 33.3 66.7
11 Linezolid 30 00 100
12 Vancomycin 30 00 100

Table 3: Antibiogram of Enterococcus isolates from blood against selected antibiotics

S.NO Antibiotic Concentration (ug)

Percent Resistance Percent Susceptibility

1 Ampicillin 10
2 Erythromycin 15
3 Ciprofloxacin 5

4 Chloramphenicol 30
5 Doxycycline 30
6 Gentamycin 120
7 Minocycline 30
8 Linezolid 30
9 Vancomycin 30
10 Rifampicin 5

11 Teicoplanin 30
12 Penicillin 10

66.7 32.3
77.8 22.2
66.7 33.3
77.7 22.3
55.6 44.4
77.8 22.2
11.1 89.9
00 100
00 100
00 100
11.1 89.9
77.8 22.2

Antibiotics Sensitivity Pattern of Gram Negative Isolates
The antibiotic sensitivity pattern of the Gram negative
bacterial isolates was determined against selected antibiotics
as mentioned in Table 4. The K. pneumonia isolates were
highly resistant to AMP, ATM, CXM, FEP and SAM and were
sensitive to IMP and CT. The E. coli isolates were highly
resistant to AMP, CAZ, and FEP and were sensitive to CT and
SAM. The P. aeruginosa isolates were highly resistant to MH
and were sensitive to TZP, AMP, SXT, CXM, DO, SAM and
CT. The A. baumannii isolates were highly resistant to AMP,
CN, CXM, DO and SAM and were sensitive to ATM and CT.
The S. mettophilia isolates were highly resistant to AMP, DO
and FEP and were sensitive to CIP, ATM, AK, SXT, IMP,
SAM and CT. The Citrobacter spp were highly resistant to
CIP, CN, AK, IMP and SAM and were sensitive to TZP, CAZ,
DO and CT. The Enterobacter isolates were highly resistant to
TZP, AMP and were sensitive to IMP, CN and CT. The
Serratia isolates were highly resistant to AMP, CXM, DO and
SAM and were sensitive to IMP and CT.

Antibiotic resistance pattern

The antibiogram of 105 bacterial isolates was investigated in
the current study. Of these isolates, 67(63.8%) were found as
MDR, 3(2.9%) were XDR while luckily no PDR case was
reported in the present study (Table 5). All the Gram negative
isolates were sensitive to the last resort antibiotic i.e. Colistin
while all Gram positive isolates were sensitive to linezolid and
Vancomycin.

Discussion

The dilemma of antibiotic resistance poses a huge threat to
human health and is worsening the condition of treating minor
infections in future. This study elaborates the antibiotic
sensitivity pattern and bacterial profile of 999 blood samples
clinically doubted septicemic cases. The current study detected
105 isolates indicating a blood culture positivity rate of 10.5%.
Prevalence of Gram negative and positive isolates was 37.1
and 62.8%, respectively. The results are in contradiction with
other reports published by other researchers i.e. 56%, a high
positivity rate in septicemic neonates. In case of infants, the
incidence of septicemia varies and researchers have reported
20-50% positivity rate [Sharma et al 2008]. In the current
study, low frequency (10.5%) could be due to good practices
being followed to prevent infection of the neonates. The most
frequent pathogens in neonatal sepsis in both developing and
developed countries vary. Generally, common species in case
of Gram-negative with high incidence includes E.
coli, Pseudomonas, Klebsiella, and Salmonella spp while in
case of Gram-positive species, Streptococcus pneumonia, S.
aureus, Coagulase Negative Staphylococcus, and S.
pyogenes are found frequently [Chiabi et al 2011]. In this
study, 62.8% and 37.1% of Gram-positive and Gram-negative
culture-positive septicemic cases were observed respectively.
These results are similar to those published earlier with 41%
and 59% for Gram-positive and Gram-negative organisms,
respectively [Jyothi et al 2013].
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Table 4: Antibiogram of Gram negative bacterial isolates against selected antibiotics

Enterobacter Serratia

Conc K. pneumonia  E. coli P. A S. Citrobacter S| S|

Antibiotics (ng) P ' aeruginosa  baumannii mettophilia  spp PP PP

R S R S R S R S R S R S R S R
TZP 110 45.5 54.5 60 40 100 0 80 20 100 0 100 0 0 100 100 O
AMP 10 0 100 0 100 O 0 20 80 333 667 O 100 O 100 0 100
CIP 05 273 727 40 60 571 429 80 200 100 O 100 O 100 0 100 0
ATM 30 0 100 30 70 571 429 O 0 0 0 100 0 0 100 0 0
CN 10 18.2 81.8 50 50 714 286 20 80 66.7 333 0 100 100 0 100 O
AK 30 273 727 90 10 100 O 60 40 100 O 0 100 100 0 100 0
IMP 10 100 0 90 10 571 429 40 60 100 0 0 100 100 0 100 O
SXT 25 18.2 81.8 50 50 0 0 60 40 100 0 100 0 0 100 100 O
CXM 30 0 100 10 9% O 0 20 80 333 667 100 O 0 100 0 100
CAZ 30 9.1 909 0 100 57.1 429 60 40 667 333 100 O 0 100 100 0
MH 30 364 636 40 60 286 714 80 200 100 O 100 O 0 100 100 0
DO 30 9.1 90.9 50 50 0 0 20 80 333 66.7 100 0 0 100 0 100
FEP 30 0 100 O 100 57.1 429 40 60 333 667 100 O 0 100 100 0
SAM 20 0 100 20 80 O 0 20 80 100 O 0 100 O 100 0 100
CT 10 100 0 100 O 100 O 100 0 100 O 100 O 100 0 100 0

Note: Tazobactam/ Piperacillin (TZP), Ampicillin (AMP), Imipenem (IMP), Ciprofloxacin (CIP), Cefepime (FEP), , Ceftazidime (CAZ), Gentamycin (CN),
Amikacin (AK), Aztreonam (ATM), Cefuroxime (CXM), Cotrimazole (SXT), Minocycline (MH), Colistin (CT), Ampicillin Sulbactum (SAM), Doxycycline

(DO).

Table 5: The resistance status of the bacterial isolates of the current study

Resistance Status Frequency Percentage
Sensitive 35 33.3
MDR 67 63.8
XDR 3 2.9
PDR 0 0

MDR: Multi Drug Resistant, XDR: Extensive Drug Resistant, PDR: Pan Drug Resistant

Antibiotic resistance is a global problem for physicians. The
microbes with MDR status in neonatal septicemia in under
developing nations is growing rapidly. The easy availability of
drugs and the needless consumption of broad-spectrum
antibiotics is the major cause of this concern. Comparing
antibiotic resistance profiles of different countries in neonatal
sepsis is difficult as their epidemiology is extremely variable
[Shatalov et al 2015]. In this study, the antimicrobial
sensitivity patterns of 105 bacterial isolates out of 999 were
investigated. MDR pattern was noted for 63.8% (67) isolates,
XDR were 2.9% (3) and luckily no PDR case was observed.
Colistin was found active against all Gram negative and LZD
and VAN were effective against all the Gram positive
bacterial. These reports are comparable to those by (Basak, S
et al). Their research after investigating 1060 bacterial isolates,
found 37.1% MDR, 13.8% XDR and no PDR in their study
(Grail, Q S et al).

Conclusion

The S. aureus isolates were resistant to Penicillin and
Cephalosporin, while they were sensitive to Glycopeptides and
the Oxazolidinone group. The Enterococcus isolates were
resistant to Aminoglycosides and Macrolides, while they were
sensitive to Glycopeptides, Rifamycin, and Oxazolidinone.
The isolates of Enterobacteriaceae were mostly resistant to
penicillins  but were sensitive to colistin  and
Piperacillin/Tazobactam. In the current study, 63.8% of
isolates were MDR, 2.9% were XDR, and fortunately, no PDR
isolates were found. Most of the studies reported in Asia are in
line with our study regarding culture-positivity rates, but they
contrast with the findings of an Indian study where a high
blood culture-positivity rate (56%) in septicemic children was
reported. A proper antibiotic policy must be developed to

reduce antibiotic misuse and self-medication, which are the
main causes of drug resistance in Pakistan and throughout the
world.
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This study found that adding banana peel flour to wheat flour can improve the nutritional value of noodles, such as
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This study found that ultrasound and microwave treatments can improve the germination of sorghum grains by breaking
down the seed coat and increasing water diffusion, leading to faster and more effective germination.
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