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ABSTRACT

Background: Bloodstream infections (BSls) are an important frequent health problem in terms of their high
incidence and lethal outcomes. The bacteria that frequently cause bacteremia are Staphylococcus, Streptococcus,
Enterococcus, Escherichia coli, Klebsiella, Enterobacter, Pseudomonas, Neisseria and Haemophilus. Gram
negative rods constitute a significant bulk in BSIs. The bloodstream infections due to multidrug resistant pathogens
are on the rise globally making treatment more challenging.

Aim: To identify the gram negative organisms causing blood stream infections and assess their susceptibility
pattern so as to provide guidance for the empirical treatment hoping for better clinical outcome.

Methodology: A retrospective, cross-sectional descriptive study carried out in Pathology Laboratory of Sharif City
Hospital, Lahore. All the blood culture samples received in Microbiology laboratory between June 2017 to June
2019 were included in the study by non-probability consecutive sampling. Blood cultures were proceeded by
subculturing on 1%t and 5" day on MacConkey and Blood agar. The colonies obtained were identified through gram
staining and biochemical profile. API20E was used for Enterobacteriaceae. Antibiotic susceptibility testing of the
pathogens was by Kirby Bauer disc diffusion method.

Results: In the current study 663 blood cultures were analyzed. Only 11.9% exhibited positive microbial growth.
55.7% of the positive cultures revealed gram negative bacteria. Among the pathogens isolated, E.coli was found to
be responsible for BSIs in 22.7% cases, followed by Salmonella Typhi 20.4% and Klebsiella pneumoniae
18.1%.The gram negative rods exhibited a very high resistance for penicillins, cephalosporins and
fluoroquinolones. The efficacy of aminoglycosides and results for carbapenems susceptibility were hopeful.
Conclusion: The study shows that the Gram negative bacteria causing BSIs have shown unsatisfactory
susceptibility to most of the commonly prescribed antimicrobials. The rising drug resistance has a major impact on

the selection and prescription of antibiotics and calls for judicious use of antibiotics.
Keywords: Gram Negative Organisms, Blood Culture, Antimicrobial Susceptibility Pattern

INTRODUCTION

Blood is a sterile fluid. Bloodstream invasion by
microorganisms is one of the most significant condition in
infectious diseases!. Bacteremia is the presence of
microorganisms in the blood whereas sepsis is a life-
threatening condition with bacteremia and systemic
manifestations. The pathogens produce toxins into the
bloodstream leading to the release of cytokines. The
patient presents with high grade fever, chills, tachycardia,
tachypnoea and hypotension?3. It can also lead to septic
shock, disseminated intravascular coagulation and multi-
organ failure*. The detection of viable bacteria in blood
cultures in which the contamination has been excluded is
labelled as bloodstream infection®. The bloodstream
infections (BSIs) can be classified as hospital onset and
community onset. The hospital onset BSI occur more than
48 hours after hospital admission whereas community
onset BSI occur less than 48 hours after hospital
admission®.
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Bloodstream infections (BSI) are an important
frequent health problem in terms of their high incidence and
lethal outcomes. These infections are causative for
morbidity, mortality and financial cost worldwide”:. About
13.5 million cases of sepsis occur on a global scale every
year®. Bloodstream infections can be life-threatening in
patients of intensive care units (ICUs). The mortality rate of
bloodstream infections ranges between 35-50%°. It has
been reported that bloodstream infections and the
associated septic shock is responsible for 6% and 3% of all
ICU admissions with 40% and 49% in-hospital mortality
respectively in the developed world*°. Blood culture is one
of the most frequently performed microbiological test in
hospitals worldwide and still remains the gold standard for
detecting bloodstream infections.* Antimicrobial
susceptibility testing is a vital prerequisite for treating
bloodstream infections®. Early detection, identification plus
antimicrobial therapy nevertheless improves patient
condition and reduces the development of antibiotic
resistance!?.

The bacteria that frequently cause bacteremia are
Staphylococcus, Streptococcus, Enterococcus, Escherichia
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coli, Klebsiella, Enterobacter, Pseudomonas, Neisseria and
Haemophilus®. The epidemiology of the causative agents is
not static and constantly changing over time. The
management of BSI is further complicated especially in
resource limiting settings with organisms from blood
cultures and antibiotic sensitivity pattern having a crucial
epidemiological role in a geographic locale plus assisting
physicians in determining primary antimicrobial agents?!?.
The bloodstream infections that are caused by pathogens
that have now gained multidrug resistance are globally on
the rise making treatment more difficult'®. In healthcare
clinics plus hospitals, infections that are being caused by
multidrug resistant microbes is becoming challenging
causing long-term hospitalization of patients and increasing
mortality rate. This also increases the risk of other
infections putting a burden on the cost of healthcare
system?2. Such a rise in antibiotic resistance is a global
concern that can differ according to the varying geographic
regions plus epidemiological features!®. Combating the
antimicrobial resistance is a global challenge especially in
the developing countries. Antimicrobial resistance occurs
due to genetic mutations and inappropriate antimicrobial
selection for treatment®®. Knowledge of resistance and
sensitivity patterns can assist healthcare workers in
defining better drug regimes and make better decisions
based on the approach to solve the problems of
antimicrobial resistance!*.

The current study was designed for identification of
gram negative organisms causing infections of the
bloodstream plus their antimicrobial susceptibility pattern.
There is a minimum turnaround time of 2-3 days in getting
the results of blood culture report. The empirical antibiotic
therapy is usually initiated in suspected cases of sepsis.
But for that purpose, the clinicians must know about the
antimicrobial resistance pattern of common pathogens
causing sepsis. The prevalence of causative organisms of
sepsis differs from region to region®®. The surveillance of
pathogens isolated from blood cultures in a hospital will
help in determining the organisms causing bloodstream
infections in different clinical disciplines. It will also provide
data for empirical antimicrobial therapy and warn the
clinicians about the emerging pathogens?®.

The objective of the study was to detect gram
negative rods isolated from blood cultures and their
antimicrobial susceptibility pattern in Sharif City Hospital,
Lahore.

METHODOLOGY

This study was conducted in the Pathology Laboratory of
Sharif City Hospital, Lahore from June 2017 to June 2019.
All the blood culture samples received in Microbiology
section were included in the study by non-probability
consecutive sampling.

The blood samples were received in blood culture
bottles containing tryptic soya broth and polyanethol
sulphonate. The bottles were placed in the incubator at
35°C for 5 days. First subculture was performed on
MacConkey and blood agar after 48 hours. The first culture
being negative, was followed by second subculture on
blood agar and MacConkey agar in the following 72 hours.
If no growth was obtained after 2 subcultures, the final

report of negative blood culture was issued after 5 days. In
the case of positive first or second subculture, the isolated
organism was identified by colony morphology, gram
staining and biochemical tests. The gram negative bacteria
were identified by using analytical profile index (API). Direct
gram staining from blood culture bottles plus re-culture of
specimens was done to confirm the presence of a
causative pathogen. Antibiotic susceptibility testing of
causative microbes was done by Kirby Bauer disc diffusion
method. The suspension of the causative organism was
prepared by mixing 3-4 colonies of the organism in normal
saline and matched with 0.5 McFarland turbidity standard.
This was followed by evenly applying suspension on
Mueller-Hinton agar plates using a sterile swab. The
antibiotic discs were then placed on plates following an
aseptic technique. These plates were finally incubated at
35°C for 18-24 hours. Zone diameters of different
antibiotics were then studied in accordance to the Clinical &
Laboratory Standards Institute (CLSI) 2019. The antibiotics
applied have been in 3 categories: susceptible, resistant, or
intermediate. The antibiotic panel applied for gram negative
bacteria included ampicillin, co-amoxiclav, ceftazidime,
cefotaxime, ceftriaxone, cefepime, imipenem, meropenem,
tazobactam-piperacillin, amikacin and ciprofloxacin, co-
trimoxazole, chloremphenicol (for S.Typhi) and doxycycline
(for acinetobacter sp).

Statistical analysis: SPSS version 25.0 was employed for
analyzing the data of this study. Age factor of patients was
expressed as mean and standard deviation. Department,
gender, prevalence of positive blood cultures plus antibiotic
susceptibility pattern of isolates were expressed as
percentage and frequency.

RESULTS

Table-1 identifies that among 79 organisms, 44(55.7%)
were gram negative rods and 25 (31.6%) were gram
positive cocci while 10(12.7%) were Candida.

Table-2 demonstrates that among 44 gram negative
rods, 3(6.8%) were Serratia spp., 9(20.5%) Salmonella
Typhi, 7(15.9%) Pseudomonas aeruginosa, 8(18.2%)
Klebsiella spp., 10(22.7%) E. coli and 7(15.9%) were
Acinetobacter spp.

Table-3 exhibits that among 44 patients with gram
negative rods, 28(63.6%) were upto 10 years old, 11(25%)
were 11-30 years old and 5 (11.4%) patients were more
than 30 years old. The mean age of the patients was
12.04+15.72 years.

Table-4 claries that among 44 patients with gram
negative rods, 33(75%) were males and 11(25%) were
females.

Table-5 showed the susceptibility of gram negative
rods to drugs and found that 59.1% GNRs were sensitive to
MEM followed by IPM (54.5%), TZP (34.3%), SXT (29.7%),
AK (28.6%), CN (28.6%), CIP (25%), FEP (22.7%), CRO
(21.6%), ATM (20%), AMC (19%), CTX (18.9%), CAZ
(18.2%), LEV (17.1%), CE (16.7%), CXM (14.3%), AMP &
AML (9.1%) . Among these GNRs, 14.3% GNRs were
found intermediate to FEP (18.2%), 11.4% each to AK, CN,
MEM, IPM and CIP, followed by CAZ (6.8%), SXT (5.4%)
and 2.7% each to CRO and CTX. A very high resistance
was observed for AML & AMP (90.9%) followed by CXM
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(85.7%), CE (83.3%), AMC (81%), CTX (78.4%), CRO
(75.7%), CAZ (75%), TZP (65.7%), SXT (64.9%), CIP
(63.6%), 60% each to AK and CN, FEP (59.1%), IPM
(34.1%) and MEM (29.5%).

Table-1: Frequency of organisms isolated

Organisms No. %age
Gram negative rods 44 55.7
Gram positive cocci 25 31.6
Candida 10 12.7
Table 2: Frequency of gram negative pathogens

Organisms No. Y%age
Serratia spp. 3 6.8

Salmonella Typhi 9 20.5
Pseudomonas aeruginosa 7 15.9
Klebsiella spp. 8 18.2
E. coli 10 22.7
Acinetobacter spp 7 15.9
Total 44 100.0

Table-3: Frequency of gram-negative pathogens according to age

group
Age No. Y%age
Upto 10 years 28 63.6
11-30 years 11 25.0
Above 30 years 5 11.4
Mean+SD 12.04+15.72

Table-4: Frequency of gram negative rods according to gender

Gender n Y%age
Male 33 75.0
Female 11 25.0

Table-5: Gram negative rods sensitivity to drugs

[ Total | 44 | 100.0 |

Figure-1: Frequency of gram negative rods according to age group
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Figure-2: Frequency of gram negative rods according to gender
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Serratia sp Salmonglla Pseudomonas aeruginosa KIebS|eI!a E. coli Acinetobactersp Percentages (%)
Drugs Typhi pneumoniae
S | R S | R S | R S | R S | R S | R S | R

AK 3 1 2 4 4 2 2 5! 5 7 28.6 11.4 60.0
AMC e 1 7 & 7 19.0 0.0 81.0
AML 8 8 10 0 0.0 100
AMP 3 2 7 8 10 9.1 0.0 90.9
ATM 3 2 5 20.0 0.0 80.0
CAZ 8 2 5 1 7 1 2 7 1 6 18.2 6.8 75.0
] 2 7 22.2 77.8
CIP 8 4 5 1 6 2 2 4 B 2 5 1 6 25.0 11.4 63.6
CN 8 1 2 4 4 2 2 5 5 7 28.6 11.4 60.0
CRO e 4 5 1 7 & 7 1 6 21.6 2.7 75.7
CTX 8 8 8 7 1 6 18.9 2.7 78.4
CXM e 8 & 7 14.3 0.0 85.7
FEP 3 1 1 5 2 6 3 |3 4 2 5 22.7 18.2 59.1
IPM 1 1 1 7 2 3 4 5 2 1 8 2 2 5 54.5 11.4 34.1
MEM 1 1 1 9 3 4 5 2 1 8 2 2 5 59.1 114 29.5
SXT 2 1 2 7 2 6 2 2 6 1 6 29.7 5.4 64.9
TZP 8 2 5 3 5 7 3 7 34.3 0.0 65.7
DO 3 4 42.8 57.2
DISCUSSION causing blood stream infections and assess their

Blood stream infections (BSls) are among the major
causes of mortality in patients of all age groups. The
situation gets worse with the rising antimicrobial drug
resistance among bacteria particularly gram negative rods.
This has led not only to infections being hard to manage
but also untreatable infections as evident by the therapeutic
failures. Gram negative rods constitute a significant bulk in
BSls. This study aimed to isolate the gram negative rods

susceptibility pattern so as to revise the empirical treatment
regime hoping for better clinical outcome.

In the current study 663 blood cultures received in
Microbiology laboratory SMCH, from the patients showing
signs and symptoms of septicemia were analyzed. Out of
these 88.1% turned out to be negative and only 11.9%
exhibited positive microbial growth. 55.7% of the positive
cultures revealed gram negative bacteria showing that
gram negative bugs are major pathogens for blood stream
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infections. However, 31.6% were gram positive cocci and
12.7% were candida species. These findings are
concordant with a systematic review showing overall
percentage of 19.1% positive blood cultures in Africa and
28.0% in Asia respectively. Similar to our study gram-
negative bacteria were more prevalent and were isolated in
63.9% and gram-positive bacteria in 35.8% cases.'’

As for as the age group is concerned, current study
showed that 28(63.6% ) patients were up to 10 years old,
11 (25.0%) were 11-30 years old and 5 (11.4%) were more
than 30 years old. Our results are in agreement to another
study evaluating the trends of BSIs in Pediatric and adult
population. This study exhibited that BSIs were more
common in pediatric patients (9.3%) than in adult patients
(6.6%), particularly the highest proportion was found in
infants (12.9%).1®8 Among the pathogens isolated, E.coli
was found to be responsible for BSI in 22.7% cases |,
followed by Salmonella typhi 20.4%. and Klebsiella
pneumoniae 18.1%. These results do not conform to the
findings of a study in Nepal showing Salmonella Typhi as
the commonest pathogen isolated in 71% cases of
bloodstream infections, followed by Salmonella paratyphi A
as the second common bug being isolated in 16% cultures.
Escherichia coli was found in 5% and Klebsiella pneumonia
in 0.5% cultures respectively®.

However, our results are consistent with Sentry
Antimicrobial Surveillance Program that concluded that
among GNR, E.coli is the major etiological agent for Blood
stream infections. Escherichia coli was obtained in 20.5%,
followed by Klebsiella pneumonia (7.7%)%. In current study,
non-fermentor gram negative bacilli (NFGNB) were the
etiological agents in 34.1% cases. These findings are
consistent with an Indian study that yielded NFGNB in
32.7% blood cultures. However, in our study Pseudomonas
aeruginosa and Acinetobacter sp. were isolated in 15.9%
cases each and only one isolate (2.2%) of
Stenotrophomonas maltophila was isolated. These results
differ from various Indian studies where Acinetobacter
boumannii was the most common organism, followed by
Strenotrophomonas  maltophilia, and Pseudomonas
aeruginosa?22,

Present study shows that majority of the patients
suffering from GNR Septicemia were males as 33 males
and 11 females exhibited Gram negative bacteria in their
blood cultures. Our findings are similar to a cohort study
that showed men were at higher risk for bloodstream and
surgical site infections than women. This predisposition
might be because of heavier skin colonization in males at
the insertion site of Central venous catheter and coarse
hair in males that impedes wound dressing and promote
chances of infection?. The susceptibility pattern of the
pathogens was also assessed using the Kirby -Bauer disc
diffusion assay and it revealed resistance to majority of the
first and second line antibiotics. Our results show that
except for 2 isolates of Salmonella Typhi, all other isolates
of Enterobacteriaceae exhibited resistance to Ampicillin.
While only 3(30%) E.coli and 1 (12.5%) Klebsiella
pneumoniae were sensitive to Amoxicillin-clavulanate. The
findings are more or less similar to the results obtained in a
research conducted in Saudi Arabia that exhibited 4.3%
E.coli sensitive to Ampicillin. As far as Co-Amoxiclav is

concerned, 19% E.coli and 13.1% Klebsiella pneumoniae
were found susceptible.?*

A second combination drug Tazobactam —piperacillin was
also evaluated for its efficacy. 70% E.coli and 60%
Klebsiella pneumoniae were susceptible to this drug.
Similar findings were observed in other studies proving
Tazobactam —pipercillin to be as good as meropenem for
resistant blood stream infections?4.25,

Cephalosporins could not prove to be good
therapeutic option for Gram negative bugs as 7(70%)
E.coli, 8(80%), Klebsiella pneumoniae, 3 (100%) Serratia
sp. were resistant to all the tested 3rd and 4th generation
cephalosporins. Poor susceptibility pattern of
cephalosporins has also been observed in other
studies.?4#2¢ This owes to wide scale and undue use of
these drugs. Salmonella Typhi exhibited 44.4%
susceptibility to Ceftriaxone. Our study found 77.7% MDR
Typhi and 55.5% XDR Typhi. Much lower incidence of
MDR Typhi was observed in a 6year retrospective study
conducted in Dhaka in 2014. This study isolated 20.92%
MDR typhoidal salmonella spp.?” Hence, the drug
resistance among Typhi is on a dramatic rise, highlighting
the threat of therapeutic failure and demanding judicious
use of antimicrobials along with implementation of Infection
control practices.

A very high resistance was observed for
fluoroquinolones among the isolated pathogens. 3(30%)
isolates of E.coli and only 2(20%) isolates of Klebsiella
pneumoniae were found susceptible to ciprofloxacin and
levofloxacin. However, none of the Serratia spp. isolates
exhibited susceptibility to fluoroquinolones. Such a high
incidence of resistance is quite alarming. This may be
attributed to factors like unsupervised drug dispensing
practices in the community and injudicious use of
antibiotics in our hospitals. Unlike our observations, certain
studies support the use of fluoroquinolones as empiric
therapy for blood stream infections as evident by better
therapeutic outcomes in comparison with broad spectrum
beta-lactam drugs for BSIs caused by GNR?. Even
recurrence of bacteremia was found to be much reduced
with use of oral fluoroquinolones than beta-lactam drugs?®°.
The reason for such difference should be sorted out and
genome analysis of the strains should be conducted.

The efficacy of aminoglycosides was found to be
relatively better as 50 % isolates of E.oli and Klebsiella
pneumoniae were sensitive to both gentamicin and
amikacin. Similarly, promising results are revealed by a
study showing 90-100% susceptiblilty of bacterial isolates
to amikacin®®. The results for carbapenems suscetibiltiy
were hopeful as 62.5% Kebsiella pneumoniae, 80% E.coli,
33% Serratia sp. were susceptible to imepenem and
meropenem. Our results are concordant with another study
that exhibits 88% E.coli, 100% Klebsiella sp and 50%
Citrobacter sp. susceptible to imepenem. 3'Another study
obtained only 10% Klebsiella pneumoniae isolates resistant
to carbapenems?6,

The results for susceptibility of non-fermenting gram
negative rods were quite worrisome particularly for
acinetobacter sp. Only 1 isolate (14.2%) of Pseudomonas
aeruginosa showed response to ciprofloxacin, levofloxacin,
cefipime, gentamicin and amikacin. 2 isolates (28%) were
susceptible to Tazobactam- piperacillin, ceftazidime, and
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aztreonam. However, none of the Acinetobacter spp.
isolates yielded response to any of these tested drugs
giving 100% resistance to these drugs. 3 (42.8%)
Pseudomonas aeruginosa isolates exhibited susceptible
zones to meropenem and imepenem. However,
Acinetobacter sp. showed 0% susceptibility to
carbapenems too. Compared to our results, much better
susceptibility has been observed in an Indian study. This
study showed 90.8% and 86.7% Pseudomonas aeruginosa
were susceptible to ertapenem and imepenem respectively.
Even aminoglycoside susceptibility was found to be higher
i.e. 64.02% for amikacin. Acinetobacter spp. isolates also
exhibited satisfactory results for various tested drugs. 60%
isolates were susceptible to imipenem and 48.9% to
gentamicin. 21 Acinetobacter isolates of our study showed
42.8% sensitivity to doxycycline and 14.2% to co-
trimoxazole. The observations of an Indian study are in
agreement with our study showing 66.6% MDR
Acinetobacter isolates being susceptible to doxycycline®?,
Another Egyptian study proved that the combination of
Doxycycline and co-trimoxazole can be successfully used
for the cure of nosocomial MDR-Acinetobacter infection in
critically ill patients®3.

CONCLUSION

The study shows that the Gram negative bacteria causing
BSIs have shown unsatisfactory susceptibility to most of
the commonly prescribed antimicrobials. Whereas
carbapenems and aminoglycosides showed better
response. The rising drug resistance has a major impact on
the selection and prescription of antibiotics and calls for
judicious use of antibiotics.

Limitations: Future studies with a larger group of
population and enrolling patients from different hospitals
should be carried out. As this is a single centered study so
it is a limitation of this study.

RECOMMENDATIONS

1. Blood culture should be performed in every suspected
case of sepsis and antimicrobial susceptibility testing
should be performed to prevent the problem of emerging
antibiotic resistance.

2. Newer antibiotics like colistin, plazomicin should be
assessed for their activity against pathogens of Blood
stream infections. This might help in development of an
effective empiric therapy for management of blood stream
infections.
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