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Aspergillus niger is one of the most common and easily identifiable species of the genus Aspergillus,
with its white to yellow mycelial culture surface later bearing black conidia. This species is very
commonly found in aspergillomas and is the most frequently encountered agent of otomycosis. It is also
a common laboratory contaminant.
Colonies on potato dextrose agar at 25°C are initially white, quickly becoming black with conidial
production. Reverse is pale yellow and growth may produce radial fissures in the agar.
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GUEST EDITORIAL

Abstract
Wild Poliovirus (PV) is now limited to only two endemic
countries (Pakistan and Afghanistan). Concerns related to polio
outbreaks during COVID times are vanishing as the cases (wild
PV and circulating Vaccine-derived PV) have reduced
remarkably. This seems like a program success. Meanwhile,
there are concerns if this drop is not accurate. We hypothesize
that this observed decrease is actual and not a result of worsening
PV surveillance. We propose a few theories:
1) Programmatic success leading to exhaustion of susceptible

population,
2) Decrease in social contacts due to COVID leading to a

reduction in opportunities to transmit for both WPV and
cVDPV,

3) In endemics, “Receptor Competition” between PV2 and
WPV1 leading to initial predominance of PV2 infections
(through either VDPV2 transmission or use of tOPV),
which reduced WPV1 ability to infect, and lastly

4.) a Sub-clinical infection in wPV1 reservoirs leading to
natural immunity to high-moderate risk individual.

Introduction
Global Polio Eradication Initiatives (GPEI) and countries’
leadership have worked hard to control and eradicate wild
poliovirus (wPV) globally. The efforts bear fruit, with only two
remaining countries, Pakistan and Afghanistan. Meanwhile,
the emergence of circulating Vaccine-derived Poliovirus
(cVDPV) outbreaks leads to a more complex situation. The
situation became even more challenging post-COVID pandemic,
affecting all health initiatives. There was a fear of vaccine-
preventable disease outbreaks in countries with poor essential
immunization coverage and high acute/chronic malnutrition.
As the economy and GDP of LMIC may further go down, the
health and immunization-related services may be badly affected.
There was a great fear of increased wPV1 cases from Pakistan
and Afghanistan and a potentially an increase in the number of
cVDPV2 cases in 2020-21. However, we haven’t observed this.
Instead, we observed a decline in wPV1 and cVDPV issues not
only in endemic countries but the same reduction is kept in the
Afro-region where the cVDPV cases and several new cVDPV2
emergencies have remarkedly gone down (Table 1, Fig 1).
There are ~72% reduction in acute flaccid paralysis (AFP) and
environmental surveillance (ES) cases in polio-endemic countries
during Jan-Aug 2021 compared to the same time in 2020. The
same trend is observed where the surveillance cases were
reduced to more than 50% in the AFRO region. This
communication aims to understand the plausible potential
theories on PV kept drop in polio-endemic areas and tease out
each hypothesis in available scientific data. The assumption is
that the decrease in PV detection is actual and not a result of
worsening PV surveillance sensitivity. However, in the last
section, we also challenge this assumption with surveillance
sensitivity.

The primary theory is “Programmatic success,” leading to
exhaustion of susceptible population in high to moderate risk
individuals. Finally, the supplementary immunization activities
(SIAs) reached the missed children. However, this can be a
potential claim; it doesn’t look real. The essential immunization
in Pakistan and Afghanistan has further gone down, and the
number of SIAs, mopping-up campaigns has reduced during
COVID times (Table 2).1 The oral polio vaccine hesitancy
remains a challenge in both SIA and NIDs in Pakistan and
Afghanistan.2 The polio vaccinators were mobilized from the
polio program to COVID warriors. There are more susceptible

Global Wild Poliovirus and cVDPV drop during COVID Pandemic. Why and How?

cVDPV2 paralytic cases WPV1 paralytic cases

Fig 1. Number of paralytic cases of cVDPV2 and wPV1
wPV1 (Wild Poliovirus 1); cVDPV2 (circulating vaccine-derived
poliovirus 2)

AFP, Acute Flaccid Paralysis; ES, Environment Surveillance;
wPV1, Wild Poliovirus 1; cVDPV2, circulating Vaccine-derived
poliovirus 2

Jan 1- Jan 1 %
Aug 15, -Aug 15, Decrease
2020 2021

wPV1 in AFP 120 2 98%
endemics ES 303 61 80%

cVDPV2 in AFP 169 54 68%
endemics ES 173 102 42%

Total WPV and
cVDPV2
detections 765 219 72%
in endemics

cVDPV2 in AFP 533 191 65%
AFRO ES 114 75 35%

Total cVDPV2
detections 647 266 59%
in AFRO

Total WPV and
cVDPV2 412 485 64%
Detections

Table 1: Comparison GPEI progress in Polio Endmic regions
with AFRO region.



Jul-Sep 2021. 59Volume 30 Issue 03

children in 2021 globally compared to what we had in 2019.
Not only because of missing essential immunization alone but
also with no or rudimentary catch-up immunization program
in Pakistan and Afghanistan. Pakistan also implemented
Enhanced Outreach Activities (EOA) in 2020 to target
inaccessible or hard-to-reach populations.

Another more robust theory is a decrease in social contacts due
to pandemic-COVID, reducing opportunities to transmit for
both WPV and cVDPV. There is a reduction in intra-city/province
and inter-city/province mobilization. Partial or complete lock-
down doesn’t allow high to moderate risk population
mobilization. We have observed people’s social gatherings and
large crowd gatherings during elections, religious groups, and
other social, national, and sub-national events in Pakistan. The
situation in Afghanistan was cumbersome because of war and
conflict situation. The people keep traveling from Afghanistan
to Pakistan for trade, healthcare, and vice versa. Borders are
not porous anymore, and traveling across happens in main
check-points with entry and exit polio vaccination. This is
conscientious travel and people moving across countries.
However, environmental surveillance (ES) should pick the virus
excretion despite the lack of mobilization. The ES data from
Pakistan and Afghanistan have shown gradual cleanliness or
wPV detection in 2020-21. Asymptomatic PV infection in older
children remains a potential challenge; however, the ES data
doesn’t support this transmission during current COVID times.3

In endemics, “Receptor Competition” between PV2 and WPV1
leading to initial predominance of PV2 infections (through
either VDPV2 transmission or use of tOPV), which reduced
WPV1 ability to infect. The proposed theory is hypothetical,
and the authors have no data to support it.4,5

Another possible theory is acquiring natural immunity from
the reservoirs, as children exposed to it at an early age rarely
suffer permeant damage and acquire innate immunity (1 in
every 200 initial infections with wPV results in paralytic polio).
Technical Advisory Group (TAG) on Polio Eradication in
Pakistan also considers that this overall decline in wPV1 cases
and ES may naturally induce immunity. This consideration may
be valid as there were no SIA and gaps in SIA quality.2

Could that be just a cyclical pattern that accounts for the current
observed low number of cases? There were intense and high
seasons, and then multi-year (3-4 year) periodic cycles. However,
one inconsistent thing is polio SIA and essential immunization
coverage.

Proposed Challenges
Although the theories mentioned above have serious caveats,
perhaps a combination resulted in the observed reduction. An
even bigger question is related to surveillance. What if the
lower number of cases reflects the more inadequate surveillance
and no reporting. AFP surveillance is a passive reporting
mechanism. During the COVID pandemic, most of the seasonal
and non-seasonal burden on the healthcare system has been
remarkedly reduced. The number of non-COVID hospital
admission was reduced. Communities avoid hospitals, and the
routine follow-ups were scares too. The AFP surveillance is
based on patient reporting to the hospital; the lower pediatric
hospital burden means soft AFP cases. Pakistan’s AFP
surveillance registered 15,216 AFP cases in 2019; however,
these cases declined to 7698 in 2020.6 This clearly showed an
actual decline in AFP cases (polio and non-polio AFP cases).
AFP surveillance is supplemented through an extensive ES in
Pakistan and Afghanistan. The ES is continued, and all the
samples were virally cultured at the National Institute of Health,
NIH in Pakistan. The positivity of ES reduced markedly in
2021 compared to 2019-2020.

The critical question is, what if the current reported ES and
AFP cases are artificial and secondary to pandemic COVID.
If this is true, there may be even more high-risk populations
and children at risk of polio and polio spread than pre-COVID.
Seroprevalence surveys and serial stool sampling of high-
moderate risk populations residing in high-moderate risk districts
may provide some guidance on population immunity and their
susceptibility. Lastly, the observed pattern needs to be closely
reviewed in both countries and require a close follow-up on
both countries' surveillance system and surveillance indicators.
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2018 2019 2020 2021

Pakistan NID 4 3 3 2
SNID 5 4 3 2

Afghanistan NID 3 3 3 2
SNID 7 6 2 0

Table 2: Number of Polio-SIA in two polio endemic countries
during COVID pandemic

NID, National Immunization Day; SNID, Subnational
Immunization Day
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and misuse of prescribed medicines by patients. The results
from this study helped the health care practitioner to use beta
lactamse inhibitor  alongwith prescribed antibiotics for treatment
of these patients.  E-test should be used as it yield qualitative
results like classification of organisms as being resistant,
susteptible or intermediate and easiness of setting up.

Key Words
Antibiotic resistance, E- Test, Beta- Lactamases, E. coli,
Enterobacter, Klebsiella, pneumonia.

Background
The E test (PDM epsilometer; AB Biodisk, Solna, Sweden) is
an invitro method of determining the MICs of various
antimicrobial agents. It is based on diffusion of antibiotic coated
plastic strip into agar medium inoculated with test organisms.
Previous studies with E-test concluded that it was the accurate
method of determining Minimum inhibitory Concentration
(MIC) of various antibiotics for Staphylococci,1,2 gram negative
bacilli1 Helicobacter pylori,4,8 and several genera of anaerobes.3

Murray and Niles,11 however concluded that minor error observed
during application of E test made it an unfavorable method for
testing against Bacteroides fragilis. Similar findings were
reported with Streptococcus pneumoniae7 demonstrated problems
with certain organisms drug combination such as H.influenzae
and ampicillin. Recent studies have observed good correlation
between E-test and agar dilution MIC for penicillin and other
drugs.20

Materials and Methods
Total 60 isolates were collected from Sir Ganga Ram Hospital
Lahore from the clinical samples of urine (n=25), followed by
blood (n=14), pus (n=14), and sputum (n=7). Bacteriological
media including MacConkey’s Agar, blood Agar, Chocolate
Agar and CLED were used to culture the samples. All samples
were cultured according to standard protocol. Suspension was
lawned on to agar plates.  When the surface of each plate had
dried, E test strips of Ampicillin, ceftazidime, cefipeme and
ceftriaxone were placed on the agar plate. After application of
the E test strips, plates were incubated at 35°C in ambient air
for 18 to 20 h (for Enterobacter) or for a full 24 h (for
Pseudomonas species). MICs were read directly from the test

Abstract

Background
Antimicrobial resistance occurs when microbes develop physical,
physiological and behavioral responses against all chemical
substances that normally kill them or check their growth.
Extended Specturm Beta Lactamse-producing organisms exhibit
co-resistance to wide range of antibiotics, moreover, inoculum
effect and substrate specificity, their detection has become a
major challenge The data obtained from this study is important
for identifying emerging new pathogens in patients of Lahore
and enables the development of targeted approaches to help
control this threatening medical concern

Methods
Clinical samples (n=60) of patients were collected from Sir
Ganga Ram Hospital Lahore and most of the samples were of
the urine (n=25), followed by blood (n=14), pus (n=14), and
sputum (n=7). Multidrug resistant bacteria were isolated and
biochemical tests were performed for the genus and species
identification. Further, combination disc test and Epsilometer
test (E- test) were performed for detection of Extended spectrum
beta lactamase production (ESBLs).

Results
The frequency of bacterial isolates E. coli, Enterobacter and
Klebsiella pneumonia were 59%, 23%, 18% respectively. After
ESBL detection test 60% (n=36) were found ESBLs positive
and about (n=24) were ESBLs negative respectively. ESBL
producing strains of Enterobacteriaceae have now become as
a significant issue in hospitalized and community patients.
These ESBL producing bacteria are major cause of urinary tract
infection, septicemia, hospital-acquired pneumonia, intra-
abdominal abscess, brain abscess and other diseases.

Conclusion
The frequency of ESBL producing bacteria is highest because
of recommendation of broad spectrum antibiotics by doctors

Increasing Prevalence of ESBL Producing Bacteria from Ganga Raam Hospital,
Lahore: Threatening remark
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strip at the point where the elliptical zone of inhibition intersected
the MIC scale on the strip (Figure 7). Combination disc test
(Figure 8) was also applied for confirmation in some strains.
Isolation, characterization and confirmation of beta lactamase
production by infection producing isolates were done according
to Standard Operating procedure recommended by health
protection agency (HPA, 2006). Each strain was identified on
the basis of gram staining and biochemical tests. The bacterial
strain resistant to two or more antibiotics (carbapenems,
fluoroquinolones,  penicil l ins/cephalosporins,  and
aminoglycosides) is considered to be multi-drug resistant (MDR)
bacteria.

Results
A total of 60 multi drug resistant bacteria (figure 4) were
identified using Oxidase, indole, citrate utilization, sugar
fermentation (Kligler iron agar medium) and urease tests (Figure
5,6). In all of above mentioned samples frequency of occurrence
of E. coli, Enterobacter spp and Klebsiella spp were 59%, 23%,
18% respectively (figure. 1).   Most of them (n=36) were ESBLs
positive and about (n=24) were ESBLs negative and their
percentage were 60% and 40% respectively (figure.2).  In total
60 collected samples (n=25) were of urine, of which 64% were
ESBLs producers and 36% were non-producers. Total (n=14)
samples of blood were collected of which 57% are ESBLs
producers and about 43% were non-producers. Total (n=14)
samples of pus were collected of which about 64% were ESBLs
positive while 36% were negative. There were (n=7) out of
(n=60) samples were of sputum and their percentage is about
43% and 57% are ESBLs producers and non-producers
respectively (figure 3).  It was found that E. coli was 64%,
57%, 57% and 42% in samples of urine, blood, pus and sputum
respectively. The results were found that 20%, 43%, 7% and
29% Enterobacter spp. were in samples of urine, blood, pus
and sputum respectively (figure.4). It was estimated that about
16%, 0%, 36% and 29% of Klebsiela spp. were found in samples
of urine, blood, pus and sputum respectively (Table 1).

Fig 2. Prevalence of ESBLs producers and ESBLs non-
producers

Fig1. Frequency of occurrence of different bacterial strains

Fig 3. Prevalence of ESBLs producers and ESBLs non-
producer in different clinical samples

Fig 4. prevalence of different bacterial strains in different
clinical samples
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Fig 4. Multi drug resistant bacteria

Table 1. Prevalence of ESBLs + and ESBLs – Bacteria in
different clinical samples

Samples No. of samples ESBLs + ESBL-

Urine 25 16 9

Pus 14 9 5

Blood 14 8 6

Sputum 7 3 4

Total 60 36 24

Fig. 8. Combination dic test

Fig 7. E test

Fig 5. Biochemical test for E.coli

Fig 6. Biochemical tests for Klebsiella pneumoniae
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Discussion
Resistance in bacterial strains is of deep scientific concern.
Microorganisms are getting resistant to antibiotics day by day.
Over exposure to antibiotics chooses the antibiotic resistant
trait which in return have challenge the accurate detection of
ESBL.15 Therefore, accurate detection of ESBL production will
quicken the process of treatment therapy.

Urine samples n=25(30%) were collected from patients suffering
from infections of urinary tract. It includes the infections of
kidneys, ureters, Urinary bladder, and urethra.25 The prominent
gram–negative bacteria isolated from clinical samples were
members of family Enterobacteriacae and Pseudomonas
aeruginosa.24 Among gram negative bacteria, the emergence
of resistance to expanded spectrum cephalosporins has been a
major concern. Many of ESBL producing bacteria showed
multidrug resistance. Resistance against antibiotics is appeared
in bacterial species that do not naturally produce AmpC enzymes
(K. pneumoniae) due to the production of TEM- or SHV-type
ESBLs.15

E. coli was most prevalent isolate (64%) in clinical samples.
The resistance recorded in these isolates was much greater than
the previous studies conducted by other researchers. The study
has confirmed that antibiotic resistance is continuously increasing
in isolates collected from patients suffering from Urinary tract
infections.26 Klebsiella pneumoniae was second most abundant
isolate (22%) in clinical samples.  Klebsiella pnemoniae is
widely distributed in all natural environments. This pathogen
is responsible for urinary tract infections, blood born infections
and severe form of pneumonia. This microbe can exist in two
forms in environments conditions it loses its mobility, comes
to surface of water bodies and becomes non-motile.27

Two methods for ESBL detection were compared. Major
difference was observed between two methods.  However,
combination disc method needs to be revised. Combined disc
method is more reliable method with ability to detect presence
of ESBL. A study documented by Zali et al.,23 recommended
use of both ceftazidime and cefotaxime combinations to increase
the sensitivity up to 93%.

A study conducted by World Health Organization using disc
diffusion technique found that 5.4% of laboratories found an
ESBL producing strain to be susceptible to all cephalosporins.
Bacteria keep on assuming a significant part as a reason for
medical care related diseases. Bacterial antibiotic resistance
has become a significant clinical worry all through the Globe.18

Recently, the utilization of second and third generations
cephalosporins has prompted the determination of gram negative
bacteria resistant to extended spectrum cephalosporins. This
opposition is because of the production of extended spectrum
-lactamases.11 The present study showed alarming rate of

ESBL producers which is 60%. The failure of clinical treatment
happens over and again, especially when wrong antimicrobial

treatment is utilized to treat infections brought about by ESBL
producing microbes.12

The treatment of infections caused by ESBL strains is a
therapeutic challenge because of the limitations posed by high
level resistance to various groups of antibiotics. Resistance
pattern against a broad group of antibiotics may indicate
formation of many such enzymes by ESBL positive group of
bacteria.21 Longer hospital stays, prolong use of antibiotics,
unawareness of most clinicians, poor infection control practices,
and over counter availability of antibiotics are major factor for
spreading ESBLs. However, in all cases where infection with
-lactamase-producing bacteria is suspected, the choice of a

suitable -lactamase antibiotic should be carefully considered
prior to treatment. In particular, choosing appropriate -lactam
antibiotic therapy is of upmost importance against organisms
with inducible -lactam-lactamase expression.
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Abstract

Objective
To study the role of total leukocyte count (TLC) in different
stages of acute appendicitis. To find out the frequency of
negative appendectomy in a tertiary care hospital.

Study design
This was a cross-sectional study.

Place and duration of the study
The study was conducted in Surgical Unit 1 of Jinnah
Postgraduate Medical Center, Karachi, Pakistan, from December
2019 to December 2020.

Methodology
One hundred twelve participants were included, above 12 years
of acute appendicitis. Clinical findings and TLC recorded on
Performa. Appendectomy was performed, and operative results
were recorded. Specimens of the appendix were sent for
histopathological evaluation recorded as usual, catarrhal,
suppurative, and gangrenous.

Results
Out of 112 patients, 82 (73%) were male, and 30 (27%) were
female. Ten (9%) patients were 13–20 years old, 62(55%) were
21–30 years old, 30 (27%) were 31–40 years old, 8 (7%) were
41–50 years old, and 2 (1.79%) were older than 50 years. TLC
was elevated in 108 patients (96%): more than 13,000 in 56
(50%) patients. On histopathology, catarrhal appendicitis in 60
(54%), suppurative appendicitis in 30 (27%), gangrenous
appendicitis in 18 (16.07%), and negative appendectomy in 4
(3.6%). TLC was more than 13,000 in gangrenous appendicitis
in 16 (88.88%) out of 18 patients, in suppurative appendicitis
in 28 (93%) out of 30, and in catarrhal appendicitis in 12 (20%)
out of 60.

Conclusion
Raised TLC has diagnostic significance and is helpful in the
diagnosis of appendectomy to prevent complications of

appendicitis, and TLC greater than 13,000 shows complicated
appendicitis.

Keywords
Acute appendicitis, total leukocyte count, gangrenous
appendicitis.

Introduction
Acute appendicitis is the most common surgical emergency,
and a raised total leukocyte count (TLC) proves helpful in its
diagnosis. TLC plays a role in diagnosing pediatric acute
appendicitis and the duration of symptoms in different stages
of appendicitis.1

TLC is not always a good diagnostic indicator of acute
appendicitis. Still, as an adjunct to clinical examination, it is
helpful in decision-making for appendectomy.2 A raised TLC
is diagnostic of acute appendicitis. With a neutrophil count,
greater than 78% of the patients are confirmed to have acute
appendicitis. However, TLC is not specific to appendicitis only.
Acute appendicitis does not have symptoms in children. It
indicates that the obstruction of the appendix causes congestion
and perforation. Thus, a high TLC index in children indicates
acute appendicitis.3 TLC in females and children leads to
suspicion of appendicitis in the presence of clinical findings.
The preoperative percentage of the lymphocyte count helps
differentiate between simple and complicated appendicitis.
TLC more than 13,500, neutrophils count more excellent than
75%, and lymphocyte count greater than 14.8% are associated
with complicated appendicitis.4

The diagnostic value of TLC is increased when it is combined
with C-reactive protein (CRP). Patients with signs and symptoms
of acute appendicitis may have a regular TLC. This study
showed a regular TLC with signs and symptoms of acute
appendicitis in 22% of the patients diagnosed with acute
appendicitis on histopathological examination.5 However,
appendicitis is difficult to diagnose during pregnancy because
of the already high TLC, so imaging clearance via
ultrasonography is necessary.6 The misdiagnosis of acute
appendicitis happens in 20%–40% of the cases, resulting in
complications. Negative appendectomy also causes
complications such as hospital-acquired infections, so accurate
diagnosis is crucial.7 Imaging, such as ultrasonography and
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TLC, have a significant role in equivocal signs.

The rationale behind this study is that TLC is nonspecific for
acute appendicitis. However, it still has a role in decision-
making for surgical intervention to know the severity of acute
appendicitis, such as suppurative or gangrenous cases. Therefore,
this study was conducted to determine the significance of TLC
in the severity of acute appendicitis.

The objective was to understand the role of TLC in diagnosing
and differentiating complicated appendicitis, such as suppurative
and gangrenous, from uncomplicated appendicitis, such as
catarrhal, and the frequency of negative appendectomy is
calculated.

Methodology
This cross-sectional observational study was conducted over
one year from December 2019 to December 2020 in Ward 3 of
Jinnah Postgraduate Medical Center, Karachi, Pakistan. Both
male and female patients older than 12 years were registered.
The patients presented to the emergency room with complaints
of migratory pain in the right iliac fossa and discomfort within
48 hours with tenders and rebound tenders. The provisional
diagnosis of acute appendicitis is considered with raised TLC
and clinical diagnosis. An emergency appendectomy was
performed.

In an emergency after the consent, operative findings include
a taut-like appendix in the catarrhal stage, pus in the right iliac
fossa in the suppurative location, and black color of the appendix
in the gangrenous place were recorded. If the appendix looked
normal, the terminal ileum up to 2 feet and the ovaries in female
patients were also examined during the operation. An appendix
specimen was sent for histopathological examination, and the
report was collected. Findings such as routine, catarrhal,
suppurative, and gangrenous appendicitis were recorded on
Performa. The leukocyte count was also recorded for every
patient, and TLC less than 11,000 was considered normal,
between 11,000 and 13,000 mild, and more than 13,000 severe.

The duration of pain was recorded in hours before appendectomy,
and the significance of the time during each stage of appendicitis
was noted on Performa. Patients with other infections associated
with appendicitis, such as respiratory tract infection and acute
cholecystitis, were excluded because they can affect the TLC.
Those with an appendicular lump and acute peritonitis due to
ruptured appendix were also excluded. Data were analyzed by
SPSS (v.25; IBM Corp., Armonk, NY, USA).

The significance of TLC in different stages of acute appendicitis
calculated in frequency and the impact of duration on the steps
of acute appendicitis were also noted.

Results
Out of 112 patients, 30(26.79%) were female, and 82 (73.21%)

males; 10(8.92%) belonged to the 13–20 years age group, 62
(55.35%) to the 21–30 years age group, 30 (26.79%) to the
31–40 years age group, 8 (7.41%) to the 41–50 years age group,
and 2 (1.79%) were older than 50 years. Sixty (53.57%) patients
presented within 12 hours,30 (26.79%) within 24 hours, and
22 (19.64%) within 24–48 hours. TLC was found to be elevated
in 108 (96.42%) patients. Histopathological examination showed
that 4 (3.57%) patients had a normal appendix. All the patients
had a neutrophil count of more than75%.

Uncomplicated acute appendicitis, such as acute catarrhal, was
reported in 60 (53.57%) patients. Complicated appendix, such
as suppurative and gangrenous, was found in 48(42.85%)
patients. Table 1 presented the histopathological stage of acute
appendicitis and elevated TLC.

Figure 1 shows the duration of the presentation. Sixty (53.57%)
patients presented within 12 hours who had acute catarrhal
appendicitis, 30 (26.78%) delivered within 24 hours with
suppurative appendicitis, and 22 (19.64%) given after 24–48
hours. Eighteen patients presented with gangrenous appendicitis.

Discussion
Appendicitis is an inflammation of the appendix that is most
common among young adults. It may be simple, but it may
also lead to complications, such as an appendicular abscess,
gangrene, or perforation. Appendicitis is usually diagnosed on
history and physical examination (i.e., migratory pain, right
iliac fossa tenderness, rebound tenderness) and white cell count.

Ultrasonography, CT scans, and laparoscopy may also be helpful
in the diagnosis, but CT scans are not available at every primary
and secondary center. CT scans work by providing high radiation
levels to patients, so their hazards weigh more than the benefits.
They are expensive as well. Simple TLC does not cause any
harm to patients, is readily available at every center, has a
diagnostic value, and can help with early decision-making for
appendectomy. The diagnosis of acute appendicitis in children
is challenging in many cases.8 The Appendicitis Inflammatory
Response Score, such as the Alvarado score, helps perform the
diagnosis, but it remains uncertain.9 The Alvarado score is 94%
sensitive, and TLC is raised to 90%.10 This study indicates that
the Alvarado score was 90% diagnostic, and TLC was increased
by 98%.11 The diagnostic value of CRP and TLC was 96.25%.
The sensitivity of TLC was more than 90% in the diagnosis of
acute appendicitis.12 The diagnostic criteria of TLC, CRP, and
bilirubin in patients suspected of acute appendicitis was
significantly raised by 96.6% more than 11,000.13 TLC, and
CRP was diagnostic in acute cases should be performed in
every suspected case of appendicitis. TLC and CRP have 100%
sensitivity; however, only TLC is 93% sensitive. Therefore,
both should be done.14 TLC is found to be significantly raised
if measured within 24 hours of the onset of symptoms, and
antibiotics should not be administered if TLC is considerably
less. If antibiotics are taken (37.8%) compared to the non-
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antibiotics group (62.2%), the duration of antibiotics also lowers
the levels of TLC.15 TLC is a widely available test, is less costly
than radiological investigation, has a sensitivity and specificity
of 20%–80%, and is not replaced in clinical judgment. Decision-
making for appendectomy in patients suspected of appendicitis
is complicated because regular appendix removal is embarrassing
for surgeons and exposes patients to complications caused by
anesthesia and surgical site wound infection. Any delay in
decision-making for appendectomy of patients with complex
appendicitis can prove fatal.

Appendicular rupture can lead to peritonitis and morbidity.
Even if the appendix is not ruptured, delay in appendectomy
can lead to preoperative complications, such as adhesion
formation and frozen pelvis in females. Frozen pelvis, later on,
causes infertility in young females. Appendectomy in the case

Fig 1.  Duration of presentation.
The x-axis shows hours from pain onset, which indicates the
number of patients who presented with acute appendicitis.

Table 1. Total leukocyte counts in different stages of acute appendicitis

Raised TLC

Stages of acute appendicitis No. patients >11,000 <13,000 >13,000

Acute catarrhal appendicitis 60/112 60/60 48/60 12/60
(53.57%) (100%) (80%) (20%)
(44.3–62.6) (95.1–100.0) (68.4–88.6) (11.3–1.5)
95% CI 95% CI 95% CI 95% CI

Acute suppurative appendicitis 30/112 30/30 2/30 28/30
(26.78%) (100%) (6.66%) (93.33%)
(19.2–35.5) (90.5–100.0) (1.1–20.2) (79.6–98.8)
95% CI 95% CI 95% CI 95% CI

Acute gangrenous appendicitis 18/112 18/18 2/18 16/18
(16.07%) (100%) (11.12%) (88.88%)
(10.1–23.7) (84.6–100.0) (1.9–32.1) (67.8–98.0)
95% CI 95% CI 95% CI 95% CI

Normal appendix/negative appendectomy 4/112 0/4 0/4 0/4
(3.57%) (0%) (0%) (0%)
(1.1–8.3) (0.0–52.7) (0.0–52.7) (0.0–52.7)
95% CI 95% CI 95% CI 95% CI

Total patients 112 108/112 52/112 56/112
(100%) (96.42%) (46.42%) (50%)

(91.6–98.8) (37.3–55.7) (40.8–59.2)
95% CI 95% CI 95% CI

CI, confidence interval.
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of catarrhal appendicitis can prevent complications, and early
decision-making for an appendectomy is beneficial to patients.
As always-elevated TLC is helpful in decision-making adjuvant
to clinical examination. In patients who are obese and female,
it is sometimes difficult to diagnose with equivocal signs and
symptoms. TLC helps in elevated decisions, but salpingitis can
confuse females, making the decision-making process difficult.
It is better to go for an appendectomy because complications
caused by appendicitis are fatal, and mistakes should be avoided
to be on the safe side, as a ruptured appendix is more dangerous.
Thus, in females, wound complications of the normal appendix
and infertility cause stress and psychosis, so prevention is better
than cure.

In this study, TLC was found to be significantly raised in
appendicitis (96.42%), and it had diagnostic and decision-
making roles in appendectomy. Appendicitis can be divided
into catarrhal, suppurative, gangrenous, perforated, resolving,
and chronic; an increased leukocyte count reported mainly in
males was diagnostic of gangrenous appendicitis.16  TLC, serum
bilirubin, and CRP indicated perforation of the appendix and
predictive value of TLC, bilirubin, and CRP in the diagnosis
of gangrenous and perforated appendicitis.17

A TLC of more than 13,000 is indicative of gangrenous
appendicitis. The same findings were noted in this study: TLC
was more incredible than 14,000 in gangrenous appendicitis in
13% of the cases. Gangrenous appendicular rupture can lead
to peritonitis, which can cause death. Appendectomy can prevent
further complications, but a postoperative intraperitoneal abscess
can still occur, which can cause morbidity. In this study, TLC
was found to be markedly raised to more than 13,000
ingangrenous appendicitis. TLC has a significantly important
role in diagnosing suppurative and gangrenous appendicitis
and can cause intestinal obstruction because of adhesion
formation and infertility due to the frozen pelvis. It can be
prevented by early decision-making for appendectomy in
patients suspected of appendicitis with the help of elevated
TLC.

A negative appendectomy is associated with more extended
hospital stays, more significant morbidity, and higher cost than
catarrhal non-perforated appendectomy.18 A negative
appendectomy rate of 15%–25% was acceptable in women,
and 9.5% was recorded in this study; 63.3% was in females.19

Elevated TLC helps in the diagnosis and can prevent negative
appendectomy. Complications are related to negative
appendectomy. In this study, negative appendectomy was less
common (3.57%) than catarrhal. This was due to an excellent
clinical assessment and raised TLC so that elevated TLC can
also prevent negative appendectomy. In the case of regular
TLC, further investigation should be carried out to diagnose
the problem.

Eighty-seven percent of the cases with appendicitis are reported

in those younger than 40 years, and predominantly, males are
involved.20 In this study, mainly male patients and those younger
than 40 years were affected (90%).

The limitation of this study was that children were excluded
from it, which can alter the results. The sample size was
adequate; however, it can affect the results if increased, so
further study should be conducted.

Conclusion
Raised TLC has diagnostic significance and is helpful in early
decision-making for appendectomy to prevent complications
caused by appendicitis. TLC greater than 13,000 indicates
complicated appendicitis, as in suppurative or gangrenous cases.
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Abstract

Background
Sepsis due to carbapenem-resistant Enterobacteriae is associated
with high morbidity and mortality. The susceptibility data with
trends of antimicrobial resistance is essential for monitoring
and ensuring the appropriate empirical treatment. Here, we
have investigated the carbapenem non-susceptibility trends in
Enterobacteriae isolated in blood from admitted patients over
six years and evaluated carbapenem consumption within the
same period.

Methods
This retrospective study was conducted at the microbiology
section of Aga Khan University Hospital, Karachi, from 2011-
to 2016. Antimicrobial susceptibility data for non-duplicate
Enterobacteriae isolates from the blood culture of inpatients
were collected via the laboratory system. The carbapenems
dispensed for inpatient use were collected from pharmacy
records.  The ethical review board approved the study of Aga
Khan University, Karachi.  The antimicrobial susceptibility
data were compared between isolates from patients admitted
in the critical unit (CU) and non-critical unit (NCU).

Results
A total of 1822 non-duplicate Enterobacteriae isolates from
NCU (n=1506, 83%) and CU (n=316, 17%) were identified
from laboratory data. E. coli was the most identified pathogen
(n=1105, 61%). Over-all, 288 (16 %) isolates were non-
susceptible to carbapenems. The carbapenem non-susceptibility
in CU (n=85, 27%) was double that of NCU (n=203, 13.4%).
The carbapenem trend revealed a positive linear trend with the
r2 regression fit model 80% for NCU and CU 89%. The
meropenem consumption increased from 40 to 85 within the
study period.

Conclusion
This study shows that the trend of carbapenem non-susceptibility
has increased over the study period, more so for the critical
care unit.

Keywords
Enterobacteriales, carbapenem non susceptible, carbapenem
resistance, critical care, non-critical care unit

Introduction
The crisis of overwhelming antimicrobial resistance (AMR) is
a severe threat to global health. Therefore, world health experts
have endorsed a global action plan to fight against this grave
situation. Strengthening surveillance and research is among the
five strategic objectives of the worldwide action plan, which
could help implement another vital goal of optimizing the
antimicrobial utility.1 In an era of multidrug-resistant pathogens
with scarce novel therapeutic options, minimizing the
inappropriate antibiotics usage is an option to curtail the spread
of AMR.

In low-middle income countries, culture and susceptibility
testing is still performed by time-consuming conventional
methods2 and therefore compels clinicians to start empiric
antibiotics without microbiological evidence. Therefore,
knowledge about the local antimicrobial susceptibility trend
among commonly isolated pathogens is essential to reduce
injudicious antibiotic use.

Due to the diverse genomic evolution of beta-lactamase-
producing enzymes and associated resistance, the utility of
carbapenem has been increased significantly as an essential
therapeutic agent against members of Enterobacteriales.  Studies
have attributed antibiotic consumption as a significant driver
of prospective antibiotic resistance among the microorganisms,
and therefore extensive carbapenem usage has also shown
emerging resistance.

We have hypothesized that due to the higher propensity of
gram-negative bacteremia and sepsis in critical care units, there
is more excellent carbapenem utility in these areas, increasing
the rate of non-susceptibility to carbapenems in urgent care
than non-critical care units of the hospital.

Therefore, the objective of this study was to compare the
carbapenem susceptibility of the Enterobacteriales family
isolated from blood culture specimens of patients admitted in
critical care and non-critical units of our hospital.  As a secondary
objective, we also wanted to correlate carbapenem antibiotic
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consumption trends over the same period with carbapenem
non-susceptibility rates.

Materials & Method
Ethical review
Ethical exemption was granted by Aga Khan University Ethics
Review Committee (5272-Pat-ERC-18).

Operational Definition
Carbapenem Non susceptible  Enterobacteriales :
Enterobacteriales show intermediate or resistance in vitro to
any drug in the carbapenem group (meropenem or imipenem).
Proteus spp., Providencia spp., and Morganella spp. have
higher intrinsic minimum concentrations for imipenem, so these
organisms were considered carbapenem-resistant only when
they were immune to meropenem.

Data source
The data was collected from an integrated laboratory
management system (ILMS) database from Aga Khan University
Hospital, Karachi. Six-year data from 2011-2016 were retrieved,
including a patient identifier, date of birth, gender, date of blood
sample collection, organism name, and antimicrobial
susceptibility. Location at the time of sample collection was
used to determine the health care setting of the patient.

Ages were divided into four groups: 0–1-month neonate, 1
month-17 years pediatric, 18-64 years adult, and  65-year as
elderly.

The microorganisms were identified on conventional biochemical
reactions (Sulphide, Indole and motility media, triple sugar
iron agar and urease agar), and analytical profile index API®

20E (BioMérieux, USA) was used for confirmation.

Carbapenem susceptibility testing was performed by disc
diffusion (Kirby-Bauer) method and interpreted resistance
according to the CLSI (clinic and laboratory standard institute)
zone size of 19 mm on Muller-Hinton agar was used as
interpretative criteria for imipenem and meropenem
susceptibility. For antibiotic quality control Escherichia Coli
ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 was
used.

Antibiotic consumption data was retrieved from the online
pharmacy data records of the hospital; overall yearly carbapenem
consumption for each unit was calculated. We used the formula
below to calculate the defined daily dose (DDD) per year and
the defined daily dose per 1000 patient days. This is per the
World health organization’s Anatomical Therapeutic Chemical
classification system with prescribed daily doses (WHO
ATCC/DDD) methodology.3

No. of the defined daily dose in a year =Total antibiotic usage
in grams in a year / DDD from WHO.

No. of defined daily dose per 1000 patient days =No. of the
prescribed daily dose in a year /Total number of patient days
for that particular year

Inclusion criteria
Blood cultures specimens from all age groups admitted patients
in critical care and non-critical areas.

The first isolated Enterobacteriales were included at each patient
visit unless it’s a new episode with a more resistant organism.
Critical care unit (CU) included adult intensive care unit (ICU),
Pediatric intensive care unit (PICU), Neonatal intensive care
unit (NICU), Coronary care unit (CCU), High dependency unit
(HDU), and Bone marrow transplant unit (BMT). Non-critical
care units (NCU) included step-down units and other wards.

Exclusion criteria
Blood cultures from out-patients and duplicate isolates of similar
patients in that hospital visit were excluded. Salmonella typhi/
paratyphi were also excluded from the data.

Isolates from tribe Protease (Genus: Proteus, Morganella, and
Providencia) were not tested with meropenem and reported
resistance with imipenem only.

Statistical methods
Data were analyzed in SPSS version 26 for Windows (SPSS
Inc., Chicago IL, USA).  Descriptive statistic was interpreted
with univariate analysis. Bivariate analysis using the chi-square
test was performed. Correlation coefficient r2 was estimated
between carbapenem non-susceptibility rates and DDD.

Results:
A total of 3639 Enterobacteriales were reported from the blood
for all in-patients over a 6-year duration (2011-16), from which
a total of 1822 non-duplicate isolates were included. Out of the
total 1822 isolates, 1506 (83%) were from NCU and 316 (17%)
from CU.

A total of n=1006/1822(55.2%) Enterobacteriales causing
bacteremia were from adult  age group, elderly
n=432/1822(23.7%), pediatric n=232/1822 (12.7%) and neonate
n=152/1822(8.34%). The male to female ratio was 1013:809
(P-value 0.055). Table 1 depicts the demographical data of the
Enterobacteriales, found to be non-susceptible in blood cultures
from both NCU and CU.

Overall carbapenem percentage non-susceptibility among
Enterobacteriales’ isolates’ in NCU and CU, were n=202/1506,
13% and n=86/316, 27% respectively (p-value <0.0001 on chi-
square test)

The most common pathogens isolated in NICU, and CU were
E. coli (n=930/1506, 62%, n=155/316, 49% respectively)
followed by K. pneumoniae (n=377/1506, 25% and m=114/316,
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36% respectively). Figure 1 shows the non-susceptibility trend
of E. coli and K. pneumoniae. The plateau and sustainability
in trends of both pathogens have been observed after 2013. The
percentage of nonsusceptibility attributed to overall non-
susceptibility among Enterobacteriales by E. coli in 2015 to
2016 showed a rise from 47% to 66%. At the same duration,
the overall contribution made by K. pneumoniae shows a
downward trend from 44% in 2015 to 21% in 2016.

The Enterobacteriales isolation in CU mainly was from the
ICU (153/316, 48 %) followed by the NICU (62/316, 20 %).
The non-susceptible isolates were highest in NICU 28/62(45%),
followed by ICU 37/153(24.8%). E. coli was the predominant
organism in ICU, followed by K. pneumoniae. However, K.
pneumoniae was the predominant pathogen in NICU.
(Supplementary Table 1)

Figure 2 shows a linear model variation in the percentage of
the non-susceptible isolates in both units. For NCU, the
progression was steady from 9.1% to 19.5%, with a 2.5% raise
each year (R2 0.80). In CU, the bank was steeper from 18.0%

to 35.7%, with a 4% raise each year (R2 0.89).

The carbapenem consumption of meropenem has increased
compared to imipenem (Figure 3). The overall percentage
increase in meropenem consumption between 2011 to 2016 is
61.5%. In 2011, the overall percentage of imipenem use was
38.25 defined daily dose per 1000 patient days. This declined
to 25.75 in the year 2016.

In figure 4, a comparison between non- susceptible
Enterobacteriales and carbapenem consumption showed a
synchronized raised pattern. Scatterplot graph between the non-
susceptible isolates from different clinical units and the
carbapenem consumption, calculated as defined daily doses
per 1000 patient days, showed a negative linear correlation for
imipenem and a positive linear correlation for meropenem with
a substantial number of outliers.

Discussion
The morbidity and mortality associated with carbapenem-
resistant gram-negative bacilli have been rising worldwide.

Perimeter Non-critical unit Critical unit P-value
non-susceptible non-susceptible
isolatesn (%) isolates n (%)

Neonates
(0 -1 month) 39/90 (43.3%) 29/62 (46.77%) 0.055

Pediatric
(1 m-18 y) 27/188 (14.36%) 12/44 (27.7%)

Adult
(18-64 years) 105/844 (12.44%) 36/162 (22.2%)

Elderly
 65 years 31/384 (8.07%) 9/48(18.75%)

Total 202 (100) 86 (100)

Table 1: Demographic data of patients from non-critical
and critical care units of all isolates (non-susceptible).

Fig 2. Trend of carbapenem non-susceptibility in critical
and non-critical care units between years 2011 to 2016.

Fig 1. Non-susceptibility trends of EC and KP over a 6-
year duration.

Fig 3. Antibiotic consumption in a defined daily dose per
1000 patient days across the 6 years.
The defined daily dose per year in 1000 patient days shows a
linear trend for a sharp increase in meropenem consumption
(R2 0.9693) and a slight decrease for imipenem.
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Extensive utilization of carbapenem eventually promotes more
colonization and infections with other multidrug-resistant
organisms in which clinicians had minimal therapeutic options.4

Therefore, the purpose of our study was to compare the trends
of carbapenem non-susceptible Enterobacteriales in NCU and
CU and correlate carbapenem resistance with its utilization in
these units.

During the study, the most common bacteremia-causing pathogen
from Enterobacteriales was Escherichia coli, followed by
Klebsiella pneumoniae. These organisms have been attributed
to causing significant bacteremia and sepsis in hospitalized
patients from different parts of the world.5 Study reviews have
shown that Escherichia coli contributes to bacteremia and

sepsis, and the majority of the foci were from the urinary tract
(26%) and pulmonary tract (17%).6 As shown in Iran and India,
Klebsiella pneumonia is the predominant cause of sepsis in
neonates.7

Percent non-susceptible K. pneumoniae was high (79%) in
2011; however, it reduced and maintained between 45 and 50%
till 2016. A study from our institute at the same time found the
presence of the blaNDM-1 gene in clinical isolates of K.
pneumoniae (66%) and E. coli (31%), supporting our study
findings of high rates of CRE K. pneumoniae.8 Institutional
infection control and antibiotic stewardship committee played
a crucial role, and relentless efforts were being taken to curtail
the rapid spread of CRE within the institute.9

Supplementary Table 1: Organisms and their susceptibility pattern over the 6 years (2011-2016)

CARBAPENEM CSP EC ES KP MM PS PSP SESP Total

I Year 2011 0 0 1 0 1
2012 0 1 0 0 1
2013 1 0 1 0 2
2014 0 0 2 1 3
2015 1 0 0 2 3
2016 0 0 1 0 1

Total 2 1 5 3 11

R Year 2011 0 5 0 18 0 0 0 23
2012 1 2 0 18 1 1 0 23
2013 0 18 2 16 1 0 0 37
2014 0 21 1 22 0 0 1 45
2015 0 36 3 33 0 0 1 73
2016 0 44 7 46 0 0 2 99

Total 1 126 13 153 2 1 4 300

S Year 2011 4 106 25 44 1 8 0 2 190
2012 1 151 24 57 0 7 1 3 244
2013 2 162 20 75 3 10 0 4 276
2014 2 184 8 62 1 12 0 4 273
2015 1 182 28 46 1 3 0 13 274
2016 2 221 24 74 3 10 0 3 337

Total 2 1006 129 358 9 50 1 29 1594

Total Year 2011 4 111 25 63 1 8 0 2 214
2012 2 153 25 75 1 8 1 3 268
2013 2 181 22 92 4 10 0 4 315
2014 2 205 9 86 2 12 0 5 321
2015 1 219 31 79 3 3 0 14 350
2016 2 265 31 121 3 10 0 5 437

Total 13 1134 143 516 14 51 1 33 1905

ORG

Abbreviations: CSP=Citrobacter spp., EC=Escherichia coli, ES=Enterobacter spp., KP=Klebsiella pneumoniae, MM=Morganella
morganii, PS=Proteus. spp., PSP=Providencia spp, SESP=Serratia spp.
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Although h initially carbapenem non-susceptibility amongst E.
coli was not as high as K. pneumoniae, it has shown a positive
trend in the rise of non-susceptibility. This can be attributed to
the spread of plasmid-encoded beta-lactamases across other
species of Enterobacteriales.10

Numerous studies have elicited the reasons for multidrug
resistance organisms in neonates, including low birth weight,
prematurity, surgical interventions, mechanical ventilation, and
intravascular devices.11

The trend of carbapenem-resistant E Coli and K. pneumoniae
isolation in the critical unit has also been observed in other
ICUs of the country.12-15 The most important and alarming

finding from our study, consistent with other studies conducted
in the country, is the presence of CRE Klebsiella pneumonia
(CRE-KP) in the NICU.16 Previous studies' clinical outcomes
of late-onset neonatal sepsis showed the highest mortality: the
case fatality rate was 20% in patients infected with CRE-KP.
Most increased mortality has been reported with CRE-KP
compared to other Enterobacteriales worldwide.17,18

Over time the non-susceptibility and imipenem consumption
do not show a positive relation.  As meropenem has
comparatively better pharmacokinetics and pharmacodynamics,
it is preferred over imipenem in therapeutic guidelines.
Meropenem utilization in our institute was also higher than
imipenem during the entire study duration. Hence, there was
a robust correlation of drug consumption for meropenem and
imipenem. Meropenem has more excellent coverage for
nosocomial gram-negative rods, especially non-fermenters like
Burkholderia cepacia and Proteaceae. They are also approved
drugs for bacterial meningitis and are safer in young infants.19

Higher carbapenem non-susceptibility in critical care units
supports the rationale of using broad-spectrum antibiotics for
septic patients admitted in intensive care units, as multidrug-
resistant organisms are associated with higher mortality if not
treated on time.20 However, it is a double-edged sword: our
study does not elucidate whether increased consumption of
carbapenems drove non-susceptibility rates in the unit or vice
versa.

This study also demonstrates that antibiotic consumption
amongst in-patients has risen every year. A study that assessed

Supplementary Table 1: Organisms and their susceptibility pattern over the 6 years (2011-2016)

ORG ACU BMT CICU HDU ICU CCU NICU PICU NCU

CSP 0 0 0 1 1 0 0 0 11

EC 8 11 3 2 88 26 10 7 930

ES 1 0 1 0 11 3 10 1 110

KP 5 0 8 1 42 7 41 10 377

MM 0 0 1 0 1 0 0 0 12

PS 3 0 0 0 7 1 1 0 37

PSP 0 0 0 0 0 0 0 0 1

SEP 0 0 1 0 3 0 0 0 28

Total 17 11 14 4 153 37 62 18 1506

Abbreviations: ACU=Acute coronary unit, BMT=Bone marrow transplant unit, CICU=Cardiac intensive care unit, HDU=High
dependency unit, ICU=Intensive care unit, CCU=Coronary care unit, NICU=Neonatal intensive care unit, PICU=Paediatric
intensive care unit, NCU=Non-critical care unit

Fig 4. Scatter plot showing the correlation between the
carbapenem nonsusceptibility and carbapenem consumption
in all units (critical and non-critical units)
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the overall antibiotic consumption in high and low to middle-
income countries showed that Pakistan was among the countries
that demonstrated a 65% increase in all antibiotic consumption,
similar to the percentage increase showed in our study over the
six years.21

There are several limitations of this study. As this was a
retrospective study, we would not be able to evaluate all the
reasons responsible for increasing resistant trends in both groups
of units. In addition, the organism’s location was assigned
according to the place from where it was received. Due to this
retrospective nature and non-availability, isolates with missing
data had to be excluded. Another unavoidable concern was that
we calculated defined daily doses (DDD) based on use in adults.
The DDD is challenging for children due to variability of their
quantities and body weight; however, as WHO recommends,
a general DDD can be used as a measuring tool keeping in
mind its limitations.

A strength of our study is its large sample size, due to which
we could efficiently perform analyses comparing ICU with
NCU. In addition, highlight the gaps in knowledge of the
interdisciplinary bridge between microbiology and
pharmacovigilance that need to be addressed in the future, and
necessary studies regarding searching for the drivers of antibiotic
consumption and non-susceptibility and the difference among
the critical and non-critical units.

Conclusion
Our study showed a rising trend in carbapenem non-susceptibility
among Enterobacteriales in one of Pakistan's largest tertiary
care hospitals. It emphasizes the need for national antimicrobial
stewardship policies and nationwide surveillance systems. It is
essential to understand the drivers of resistance in future studies.
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Abstract

Background
Pericardial effusion (PE) has diverse etiology. In developing
countries tuberculosis is the frequent cause, while in developed
countries postsurgical and viral etiology are most common.
The gold standard method for PE etiology is pericradiocentesis.
The aim of study was to determine the various etiologies of PE.

Method
It was a cross-sectional study done at Department of Paediatric
Cardiology, NICVD, Karachi, Pakistan from February 2020 to
July 2020. All patients presenting with significant PE or having
signs of cardiac tamponade, were included in the study.
Pericardial fluid obtained was sent for detailed report, culture
and gram staining. Etiology of PE are divided as viral, bacterial,
tuberculous, malignant and post-operative.

Results
A total of 52 patients were enrolled in the study, who fulfilled
the inclusion criteria. Patients from 1.5 months to 22 years were
included in the study, among which 29 (55%) were male. Nearly
all patients (47- 96%) had infectious etiology, out of these 31
(59.6%) had bacterial. Among these 9 (17.3%) had tuberculous
whereas 7 (13.4%) had viral pericarditis and 3 (5.7%) had
recurrent pericarditis. Patients referred for surgery due to
organized PE were 9(17.3%), 1 (4%) had post pericardectomy
syndrome and 2 (3.8%) patients had malignant etiology which
were referred to oncology department later.

Conclusion
Bacterial infections are the most common cause of PE in our
study with most significant symptom observed is dyspnea.
Echocardiography-guided pericardiocentesis is a safe and
effective method of draining pericardial fluid both for diagnostic
and therapeutic purpose. We did not encounter any procedural
complication during the study.

Key words
Cardiac tamponade, Pericardial fluid, Pericardium,
Pericardiocentesis.

Background
The pericardium places the heart in position, preventing cardiac
chambers distention and protect it from infections within the
chest. Pericardial cavity is the space between the visceral and
parietal layers and normally contains a small amount of fluid.1,2,3

When amount of fluid increases within the pericardial space,
it is defined as pericardial effusion (PE). Etiology is very
diverse; it can present with different medical conditions.1,3 Its
etiology predominantly based on demographic data, in
developing countries tuberculosis is the most frequent cause,
while in developed countries postsurgical complications and
viral infections are most common.1,3,4 Clinical symptoms and
the severity of PE depends not only on the etiology but also on
the quantity and rapidity of accumulation of fluid. The dyspnea
is due to filling restriction to cardiac chambers causes decreased
cardiac output. Other common symptom is cough and shortness
of breath and is due to compression of bronchi.5,6 Cardiac
tamponade is a severe condition that occurs after accumulation
of excessive amount of fluid suddenly or over a period of time
in the pericardial cavity and causes disturbance in normal
hemodynamics due to restriction of appropriate filling of the
cardiac chambers and ultimately causing hypotension and
cardiac arrest.1

Echocardiography is a noninvasive and sensitive, bedside
diagnostic tool for accurate diagnosis and determining
hemodynamic compromise in patient of PE. Pericardial effusion
appears as an echo-free space between the visceral and parietal
layers of the pericardium causing diastolic right ventricle and
systolic right atrial collapse.3,7-10 Pericardiocentesis (preferably
under echocardiographic guidance) is urgently required to
reverse the hemodynamic alterations.5,6,9,11 Pericardial drainage
can be achieved either by percutaneous catheter drainage or by
surgery.3 Pericardiocentesis is the gold standard method for
identification of pericardial effusion analysis and etiology.12

Although there is a lot of international data regarding various
etiologies of pericardial effusion but unfortunately there is
limited local data regarding this. Therefore, this study was done
to find out the etiology of pericardial effusion and its management
in patients presenting in our hospital. This data will not only
guide us regarding the most prevalent cause of pericardial
effusion in our setup, but will also further help in making
strategies for its prevention and management.

Nida Rafique, Abdul Sattar Shaikh, Amber Kamran, Adeel Khalid, Fatima Amin, Najma Patel

Department of Pediatric Cardiology, NICVD, Karachi
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Methods and Materials
This was a cross-sectional study done at the Department of
Paediatric Cardiology of NICVD, Karachi, Pakistan from
February 2020 to July 2020 after approval from institutional
ERC. With 24% expected bacterial etiology of pericardial
effusion, at 95% confidence level, and 50% relative precision,
minimum required sample size for this study was calculated to
be n = 49.

All patients presenting with moderate to large pericardial
effusion (defined as echo-free space more than 10 mm in front
of the right/left ventricle, less in neonates), or having signs of
cardiac tamponade on echocardiography, as indicated by the
presence of right ventricular diastolic collapse, were included
in the study. Patients who had deranged prothrombin time and
international normalized ratio, Platelet count less than 20,000,
or having pericardial effusion present only at LV site or had
organized pericardial effusion which could not be drained or
pericardial effusion pocket of less than 10 mm at RV site were
excluded from the study.

 All patients underwent a Chest X ray, 12 lead electrocardiogram
and echocardiography. Echocardiography was done using M-
mode, 2D and Doppler, using Aplio i600, with a 6 MHz
transducer for infants and 5 MHz transducer for older children.
Echocardiographic diagnoses of pericardial effusion were made
on the basis of an echo-free space between the two layers of
the pericardium.7-10 The pericardial effusion was qualitatively
assessed by the end-diastolic distance between the epicardium
and parietal pericardium and classified as small (less than 10
mm), moderate (10–20 mm) and large (more than 20 mm) on
the basis of 2D echocardiography.13 Cardiac tamponade was
diagnosed on echocardiography by right atrial and ventricular
collapse during diastole.14

Pericardiocentesis was performed under echocardiographic
guidance, using a sub xiphoid approach in all the cases.
Pericardial fluid analysis was done for appearance, white blood
cell count, glucose and protein content (biochemistry), bacterial
cultures, gene Xpert, Acid fast bacilli smear and gram staining.
We lack the facility to perform viral polymerase chain reaction.
The viral etiology of pericardial effusion was confirmed on
negative history of contact with tuberculosis patient, predominant
lymphocytes in blood counts and pericardial fluid analysis
showed low protein count and high glucose and negative
bacterial cultures of the pericardial fluid and low LDH levels.

Tuberculous etiology also made on high cell count with
predominant lymphocytes, high protein and low glucose content
in pericardial fluid differentiating it from viral etiology.

Clinical data included age, gender, presenting complaints,
structural and congenital cardiac lesions, other associated
illnesses, vital signs, auscultatory findings, treatment, pericardial
fluid characteristics and outcome.

Data Analysis
Statistical package for social sciences (SPSS 21) was used for
the analysis of baseline characteristics. Descriptive statistics
such as mean ± SD, median (IQR), maximum and minimum
was calculated for quantitative (continuous) variables. Frequency
and percentages were calculated for categorical variables.

Results
A total of 52 patients were enrolled in the study. Patients ages
ranged from 1.5 months to 22 years with a mean age of 11.2
± 4 years, among which 29 (55%) were male, and 23 (45%)
were female. The most prevalent clinical feature was fever,
present in 48 patients (88.4%) followed by shortness of breath
and spleenomegaly in 41 patients (78.8%) also cough was found
in 37 patients (71.1%) (Table 1).

All 52(100%) patients had low voltage ECG on presentation
and all 52 (100%) had cardiomegaly on CXR. On
echocardiography 28 (53.8%) had massive PE whereas 4(7.6%)
had moderate PE, and 5 (9.6%) patients had constrictive
pericarditis with PE. Other echocardiographic findings include,
vegetations on tricuspid valve along with PE present in 3 (5.7%)
patients, (among which 1 patient had abscess like cavity and
others had multiple small vegetations). On gross examination of
pericardial fluid 2(3.8%) patients had milky white fluid, 23(44.2%)
had reddish fluid, 1 (1.9%) had straw colored fluid, 3(5.7%) had
turbid fluid, whereas 23(44.2%) had yellow colored fluid.

In laboratory parameters 1(1.9%) patients had a positive AFB
smear. The gene expert test was positive in 1(1.9%) patient

Table 1:  Clinical presentation of patients undergoing
Pericardiocentesis

Clinical Presentation

Shortness of breath 78.8% (41)
Cough 71.1% (37)
Nausea/vomiting 42.3% (22)
Fever 88.4% (46)
^High fever grade 40.3% (21)
Pulses paradoxes 38.4% (20)
Muffled heart sounds 90.3% (47)
Pallor 90.3% (47)
Heart Failure 19.2% (10)
R/R (bpm) 38.8 ± 12.6
H/R (bpm) 118.9 ± 27.5
Hepatomegaly 19.25% (10)
Spleenomegaly 42.3% (22)
Peripheral edema 7.6% (4)
Peripheral emboli 3.8%(2)
Raised JVP 78.8% (41)
^based on patients with fever
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(other than positive for AFB smear). In other 13.4% (7) patients
who had history and clinical signs and symptoms of TB along
with lymphocytic predominance with high protein and low
glucose in D/R, high LDH levels, montoux test and sputum for
AFB was sent, and due to high clinical suspicion, they were
treated as tuberculous pericarditis. 1(1.9%) patient was diagnosed
for lymphoma which referred to oncology department later.
The various etiologies identified in our study are enlisted in
Table 3.

The causative organisms identified by pericardial culture and
sensitivity were Klebsiella, Gram positive Cocci, Staphylococcus
species including MRSA, Enterobacter, E-coli, Pseudomonas
and Burkholderia. Rhodotorula Mucilaginosa was positive in
1 (1.9%) patient which was sensitive to amphotericin B.
Concomitant blood culture showed Staphylococcus species
including MRSA, Pseudomonas, Enterobacter, Acinobacter,
and Burkholderia.

Outcome and Treatment
All the patients were started on empiric intravenous antibiotics
Inj Ceftizoxime and Gentamycin. Further treatment was modified
according to culture and sensitivity reports and on the etiology

of pericardial effusion identified in 34.8% (18) patients. Other
antibiotics used were meropenem 61.1% (11), trimethoprim
sulphamethaxazole 27.8% (5), ceftszidim 5.6% (1) and colistin
5.6% (1). In bacterial pericarditis antibiotics are continued for
6 weeks. Tuberculous pericarditis was treated with
antituberculous therapy for total 1 year (Rifampicin, Isoniazid,
Ethambutol and Pyrazinamide for 2 months and then Rifampicin
and Isoniazid for 10 month) along with steroids for 8 weeks.
The management and outcome of patients is shown in Table 4.
Patients who were referred for surgery had large organized
pericardial effusion with finding of constrictive pericarditis,
among which 3 patients had bacterial pericarditis (pericardial
fluid culture showing MRSA), whereas 6 patients were diagnosed
as bacterial pericarditis on the basis of positive blood culture
but culture for pericardial fluid were negative. Patients having
recurrent pericarditis initially had bacterial pericarditis and the
organism identified was MRSA. We did not encounter any
procedural complication during the study.

Table 2:  Echocardiographic findings in patients
undergoing Pericardiocentesis

Echocardiography

Massive PE 53.8% (28)
Moderate PE 7.6 % (4)
Constrictive pericarditis and massive PE 9.6 % (5)
Restrictive cardiomyopathy and massive PE 5.7% (3)
Vegetation on tricuspid valve with
moderate to large PE 5.7 % (3)
 RV dysfunction and massive PE 3.8 % (2)
LV dysfunction and massive PE 3.8% (2)
Large ASD II with mild RV dysfunction
and massive PE 1.9% (1)
ASD II, PDA, large PE 1.9% (1)
Moderate PS, TR, severe RV dysfunction
and massive PE 1.9% (1)
Partial AVSD, cleft AML, mod MR,
mild PAH, moderate PE 1.9% (1)
Post op VSD closure with moderate PE 1.9% (1)

Table 3: Etiology of Pericardial Effusion

Etiology of PE

Bacterial 59.6% (31)
TB 17.3% (9)
Viral 13.4% (7)
Idiopathic 3.8% (2)
Malignant 3.8% (2)
Post Pericardectomy Syndrome 1.9% (1)

Table 4: Management and outcome of patients having
Pericardial Effusion

Characteristics Total

Total (N) 52

Ceftizoxime 100% (52)
Duration 2 weeks 61.6% (32)
3 weeks 1.9% (1)
4 weeks 5.7% (3)
6 weeks 30.7% (16)

Gentamicin 100% (52)
Duration: 2 weeks 61.6% (32)

1st Antibiotic Changed 36.5% (19)
Vancomycin 68.4% (13)
Ceftazidime 15.8% (3)
Amphotericin B 5.3% (1)
Gentamicin 5.3% (1)
Piperacillin and Tazobactum 5.3% (1)

2nd Antibiotic Changed 34.6% (18)
Meropenem 61.1% (11)
Trimethoprim Sulphamethaxazole 27.8% (5)
Colistin 5.6% (1)
Ceftazidime 5.6% (1)

Outcomes
Discharged (after complete recovery) 32.7% (17)
Recovered (D/C on treatment) 25% (13)
Referred for surgery 17.3% (9)
Expired 11.5% (6)
LAMA 5.7% (3)
Recurrent (CPC) 5.7% (3)
Referred to other depart 3.8% (2)
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Discussion
The etiologic factors causing pericardial effusion can be diverse.
Pericardial effusion can be small and may go unnoticed due to
absence of any symptoms and resolve without any specific
treatment. But in case of moderate to large pericardial effusions,
immediate intervention i.e. pericardiocentesis is necessary for
diagnostic as well as therapeutic reasons otherwise it can lead
to severe hemodynamic compromise.

The results of our study indicate that bacterial infections are
the most common cause of pericardial effusion in our setup.
Bagri NK et al.11 and Akhter S et al.15 have reported 24% and
17% case of bacterial pericarditis.

Although tuberculosis is not commonly seen in developed
countries now a days, it is still a most frequent cause of
pericardial effusion in developing nations.5,11 Tuberculous
pericardial effusion in our study were found in 9 (13.4%)
patients. Mycobacterium tuberculosis is difficult to isolate on
cultures and requires 4-6 weeks.15

7 (13.4%) patients had a probable viral pericardial effusion
seen in our study. Bagri NK et al.11 and Akhter S et al.15 have
reported 14% and 5.6% cases of viral pericarditis.
Echocardiography-guided Pericardiocentesis is an effective and
lifesaving procedure for draining pericardial fluid and
decompressing tamponade in all cases with moderate to large
pericardial effusions.11,16

Etiology of PE in developed countries is very different from
the developing world. Abdallah et al.17 and Strobbe et al.18 have
reported infections, immunological and idiopathic pericarditis
along with post pericardectomy syndrome and chest trauma
predominantly but tuberculosis was not reported in these studies.
Immunological and traumatic pericardial effusions were not
found in our study.

The etiology of pericardial effusion in adults is also very
different from that reported in children both from local and
international data. Qureshi et al.14 has reported malignancy and
TB as the most common etiologies whereas Albugami et al.12

has reported malignancy as the main etiology in their study.

Study Limitations
Our study has a small sample size and short duration therefore
many etiologies can be missed such as immunologic and
traumatic. Moreover, diagnostic workup for all viruses, and
detailed immunological work-up was not done due to financial
limitations of patients. Most children had received pre-referral
antibiotics, which can possibly affect bacteriological results.

Conclusion
Infections are the most common cause of pericardial effusion

in our set up. Echocardiography-guided pericardiocentesis is
a safe and effective method of draining pericardial fluid both
for diagnostic and therapeutic purpose. We did not encounter
any procedural complication during the study.
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Abstract

Background
Developing countries have seen a resurgence in use of colistin
in recent years for treatment of multidrug resistant (MDR)
gram-negative bacterial infections. Colistin is associated with
increased risk of nephrotoxicity and potentially poor outcomes
in high-risk patients. We studied cancer patients at our center,
to analyze incidence, risk factors, and outcomes of acute kidney
injury associated with use of colistin.

Methods
We reviewed patients from January 2015 until December 2018
in this single center retrospective study. Adults with solid organ
or hematological malignancies with confirmed or suspected
multi drug resistant gram-negative infections and received
colistin for at least 48 hours were included. Outcomes of AKI
including need for renal replacement therapy (intermitting or
continuous), length of stay and mortality were studied. Patients
were followed up for 3-6 months following an episode of AKI
to review development of CKD. AKI was defined according
to Kidney Disease Improving Global Outcomes (KDIGO).

Results
A total of 115 patients who received colistin were included in
this study. Mean age was 42.63 ± 15.44 years. Majority (68.7%)
were male. In multivariable analysis, three independent variables
including weight (adjusted odds ratio [AOR] 1.04; 95%
confidence interval [CI] 1.01-1.10) underlying malignancy
(solid versus hematological (AOR 3.39; 95% CI (1.15-9.98),
0.02) and need for admission to intensive care unit  (ICU)
(AOR 2.75; 95% CI (1.00-7.82), 0.05) were identified as
significant independent risk factor for nephrotoxicity. In patients
who had AKI, mean length of hospital stay was 21.7 ± 13.7
days, 20% required RRT and 10.4% developed residual CKD.
Mortality was 60% in these patients.

Conclusion
Increased weight, i.e.; BMI above 25, solid organ malignancy
and ICU admission were significantly associated with increased

risk of AKI in this cohort. Patients who required RRT had poor
outcomes with mortality of 94% in the subgroup of patients
who required RRT.

Keywords
colistin, nephrotoxicity, risk factors

Background
There has been an over-whelming increase in the incidence of
multi-drug resistant gram negative (MDRGN) infections in
recent years, particularly in immunocompromised patient
population owing to the advances in cancer chemotherapy
agents and lack of effective antimicrobial stewardship programs.
This poses a challenging situation for physicians in terms of
management with limited antibiotic options available which
in turn has led to an increase in use of colistin.

According to 2019 CDC report, 2.8 million antibiotic resistant
infections occurred in USA per year. Antibiogram at our institute
shifted from 94% E.coli and 75% Acinetobacter baumanii
carbapenem susceptibility in 2017 to 79% and 48% susceptibility
in 2020, respectively, indicating an increasing trend of antibiotic
resistance. Colistin, belonging to polymyxin group of antibiotics,
is currently one of the few options available for these drug
resistant infections. However, the associated nephrotoxicity, a
recognized adverse effect of colistin, though reversible,
constitutes a limiting factor. Various studies have revealed
variable results of this nephrotoxic potential which could be
due to the different doses and duration of colistin and differences
in criteria used to establish acute kidney injury (AKI).7,8,9,10

While there is existing data regarding colistin-induced
nephrotoxicity, little has been published about the same in
cancer population.1,2 We conducted this study primarily to
determine the incidence of colistin-induced nephrotoxicity in
cancer patients with MDRGN infections along with the possible
predisposing factors and mortality.

Study Design and Methods
This is a single center, retrospective observational study,
conducted at Shaukat Khanum Memorial Cancer Hospital and
Research Centre (SKMCH & RC), Lahore, between January
2015 and September 2018. The data was retrieved from Hospital
Information System (HIS) by reviewing physician notes and
the laboratory tests after receiving approval of the institutional



82. Infectious Diseases Journal of Pakistan

review board (IRB), IRB number EX-25-03-19-01.  All patients
aged 18 years and above with a solid organ or hematological
malignancy admitted with a suspected or culture proven multi-
drug resistant gram-negative infection with or without
bacteremia, including lower respiratory tract infections (LRTI),
wound infections, urinary tract infections (UTI) and intra-
abdominal infections, being treated with intravenous colistin
for >48 hours were included in the study while those with end-
stage renal disease (defined as people who were on maintenance
haemodialysis or peritoneal dialysis or patients with a renal
transplant) were excluded. All the patients received combination
treatment with a carbapenem.

The dose of colistin was weight-based, calculated as 2.5-5
mg/kg/day, and was administered as sodium salt of colistin
methanesulfonate (CMS). Serum creatinine was checked at
baseline and then repeated periodically while on colistin. Patients
were followed at six weeks and three months following discharge
from hospital.

Acute kidney injury was defined using the Kidney Disease
Improving Global Outcomes (KDIGO) criteria according to
which AKI is defined as any of:

increase in serum creatinine by 0.3mg/dl or more within
48 hours or

 increase in serum creatinine to 1.5 times baseline or 
more within the last 7 days or

urine output less than 0.5mL/kg/h for 6 hours.1

AKI staging also was defined using KDIGO criteria, whereby:
Stage 1 consists of serum creatinine 1.5- 1.9 times baseline
or >0.3 mg/dl increase and urine output < 0.5 ml/kg/h 
for 6 h,

Stage 2 consists of serum creatinine 2- 2.9 times baseline
and urine output < 0.5 ml/kg/h for 12h,

Stage 3 consists of serum creatinine 3 times baseline or
increase in serum creatinine to >4 mg/dl or initiation of
renal replacement therapy and urine output < 0.3 ml/kg/h
for 24 h or anuria for > 12h.1

Renal recovery was defined as >50% decline in serum creatinine
from the peak value at six weeks following AKI. Residual renal
dysfunction was defined as a glomerular filtration rate (GFR)
of < 60 ml/min at three months following colistin therapy. Other
study variables included age, gender, weight, co-morbid
conditions, neutropenia (defined as absolute neutrophil count
of < 500 cells), source of infection (including lower respiratory
tract infection, urinary tract infection, wound infection, intra-
abdominal infection with identification of source done based
on symptoms and signs, laboratory results and radiological

findings), causative pathogens, bacteremia, dose and duration
of colistin, use of concomitant nephrotoxic drugs, ICU admission,
length of hospital stay and mortality.

Statistical analysis was performed using the SPSS software
version 20. Continuous variables were stated as mean and
categorical variables were computed as frequencies and
percentages. Categorical variables were compared using chi-
square test or fisher’s exact test (where necessary). The
continuous variables were compared using the independent t-
test. Multivariable logistic regression model was used to identify
the independent risk factors associated with nephrotoxicity.
Statistical significance was defined as a two-tailed p-value 0.05.

Results
A total of 115 patients (table 1) were included in this study out
of which 79 (68.7%) were males. The mean age of study
population was 42.63 ± 15.44 years with a diagnosis of
hematological malignancy in 47 (40.86%) patients while 68
(59.13%) had a solid organ malignancy. Underlying co-morbid
conditions were present in 42 (36.5%) patients, most common
being diabetes and hypertension, i.e. 9 (21.42%) patients had
diabetes alone, 5 (11.9%) with hypertension while 15 (35.71%)

Table 1: Baseline Characteristics of Cancer Patients with
Multidrug Resistant Gram-Negative Infections treated with
Colistin (N = 115)

(N/A: Not applicable, for those patients who did not develop
AKI)
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had concomitant diabetes and hypertension. All 115 patients
were treated for multi drug resistant gram negative (MDRGN)
infection, out of which 84 (73%) patients had a confirmed MDR
infection based on cultures of sputum and urine in 25% each,
wound swab in 16.7% and gastrointestinal tract was identified
as the possible source (based on symptoms, clinical exam and
radiological findings) in 15.5% of the cases while in 13.1%
cases, source remained unidentified. Bacteremia was present
in 38 (45.23% cases). Most commonly isolated organisms
included Escherichia coli (40.47%), Acinetobacter baumanni
(27.38%) and Klebsiella pneumoniae (15.47%). All patients
were treated with intravenous colistin in combination with a
carbepenem, majority (84%) treated for a duration longer than
72 hours while those who received for less than 48 hours were
not included. Colistin was continued in those patients who had
AKI at renal adjusted dose.

Seventy five (65.2%) patients (males 67.1%, females 61.1%,
p= 0.42) developed acute kidney injury (AKI) with no statistically
significant difference between the two genders. The mean
weight of individuals who developed AKI was 62.75 kg. Majority
(84%) of the patients with AKI received colistin for a duration
longer than 72 hrs at a dose of 9miu/day. Seventy two percent
of the neutropenic patients had AKI.  A total of 27 (23.5%)
patients developed stage 1 AKI, 11 (9.6%) stage 2 and 37
(32.2%) developed stage 3 AKI. Mean time from start of colistin
therapy to AKI was 2.63 ± 1.53 days with peak creatinine of
2.31 ± 1.47, p=0.001 and creatinine at discharge of 1.27 ± 1.04,
p-value 0.07. Fifteen patients required renal replacement therapy,
p= 0.002, with 87% undergoing continuous renal replacement

therapy (CRRT), 6.7% each hemodialysis and sustained low
efficiency dialysis (SLED) for a mean duration of 1.5 days.
The mean length of hospital stay was 21.57 days. Mortality
was found to be higher in the AKI group i.e. 83.3%,
p=0.001(table 2). At 6 weeks follow up, mean serum creatinine
in those who developed AKI was 1.8. The multivariate analysis
showed that solid organ tumor (p-value 0.02), increased weight
(0.03) and ICU admission (p-value 0.05) were significantly
associated with acute kidney injury. Fifty nine percent had a
solid organ malignancy which was found to be significantly
associated with a p-value of 0.03 (table 3).  Out of 75 with
AKI, 12 (16%) patients developed residual CKD on 3 months
follow up. Fourteen percent of the patients were lost to follow
up before 6 weeks and a total of 26.7% were lost to follow up
after 6 weeks.

Discussion
Multi drug resistant gram-negative (MDRGN) infections,
broadly defined as resistance to three or more classes of
antibiotics,2 have become a major source of concern in recent
years, with a rising incidence owing to various factors while
the choice of effective antibiotics against such infections is
limited.3  Colistin is one such antibiotic currently used as the
last resort, however, the associated nephrotoxic potential presents
physicians with a treatment challenge given the fact that multi
resistant infections in most instances are encountered in critically
ill patients who already are on other potentially nephrotoxic
agents. Because of this, the use of colistin was abandoned in
1970s.4 However, with the rise in MDRGN infections, a recent
resurgence in the use of colistin has been observed, though the

Table 2: Stratification of Demographic Characteristics and Clinical Outcomes in Cancer Patients with Multidrug Resistant
Infections Treated with Colistin
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associated nephrotoxicity remains a concern. It is believed to
exert its nephrotoxic effect by causing acute tubular necrosis.5

It is excreted in urine via glomerular filtration followed by
tubular reabsorption with less than 5% of the daily dose actually
being excreted, which leads to accumulation within the proximal
tubular epithelial cells.6 This effect has been studied previously
with a wide range of nephrotoxicity being observed, between
10.9% and 69%.7,8,9,10 This difference could be attributed to
different dosage, colistin preparation used and the criteria used
to determine incidence of acute kidney injury. In a study
conducted in patients with hematological malignancy by
Durakovic et al, no statistically significant difference was found
between the colistin treatment group and the control group in
serum creatinine level.11  This has led to the recent understanding
that colistin might not be as nephrotoxic as has previously been
reported.11 So far the most commonly studied risk factors are
age,13 hypoalbuminemia, hyperbilirubinemia, concomitant
nephrotoxic agents, cumulative dose and duration of colistin.14,15,16

Another limiting factor in truly assessing/analyzing colistin-
induced nephrotoxicity is the criteria being used, with some
studies using RIFLE criteria and others, KDIGO criteria.

In a prospective observational study conducted in non-cancer
population by Seroli et al in Barcelona, incidence of AKI was
found to be 51.9% with renal recovery in 62.3% patients and
factors reported to predispose to acute kidney injury included
older age, concomitant use of other nephrotoxic drugs (including
NSAIDs, loop diuretics) and higher cumulative dose of colistin.4

In our study, we did not find a significant correlation between
colistin related nephrotoxicity and age, gender or simultaneous
use of other potentially nephrotoxic agents including antibiotics
(most common ones used in our study population were
vancomycin, meropenem, amphotericin) and chemotherapeutic
agents (including cisplatin and methotrexate). In a retrospective
study conducted at Malaysia, no correlation was found between
renal injury and age, gender or route of administration.17 In

another multicenter study conducted in non-cancer population,
the incidence of colistin induced nephrotoxity, using KDIGO
criteria was found to be 34.30% with the significant risk factors
being baseline serum creatinine, colistin dose and concomitant
use of loop diuretics.7 While in another prospective study
conducted, older age was found to be a risk factor for AKI.18

There are only a few studies done in cancer population. In one
retrospective study conducted in solid organ transplant recipients,
low rate of nephrotoxicity was observed while in another it
was higher in those given a loading dose of colistin.19,20 In view
of variations in the results, further case control studies are
required to validate these results to truly establish colistin-
induced nephrotoxicity.

Important limitation of our study is the retrospective design,
lack of a control group, and lack of renal histology. The latter
was associated with various factors including limited available
clinical opportunities to perform a diagnostic kidney biopsy,
risk of delay in treatment of sepsis, uncertain benefit of diagnostic
kidney biopsy to alter clinical management, cytopenias in
patients with haematological malignancies or those had received
chemotherapy or cytoreductive treatments in recent weeks.

Conclusion
In conclusion, incidence of AKI was significantly higher in
overweight patients with solid organ tumors admitted to ICU
and a higher mortality was observed in the patients affected
with acute kidney injury.

These observations highlight the nephrotoxic potential of colistin
associated with poor patient outcome, requiring a low threshold
to identify and address the decline in renal function. It is vital
that the clinicians work in close liaison with nephrology and
infectious disease specialists to devise an effective management
plan including appropriate choice of antibiotics, source control,
identification of all the factors contributing to nephrotoxicity

Table 3: Risk Factors of Colistin-induced Acute Kidney Injury in Cancer Patients with Multidrug Resistant Infections
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and attempts to foster early arrest of acute kidney injury to
ensure favorable clinical outcome.
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Abstract
We report a case of a unilateral, infected, subcutaneous arm
abscess with Eikenella corrodens and Streptococcus intermedius
in a 51-year -old female patient with endometrioid
adenocarcinoma, who underwent a total abdominal hysterectomy
two months ago. She presented with a painful, subcutaneous
swelling on the right arm, which was aspirated, and pus was
sent for cultures and susceptibility testing. Cultures of the pus
yielded growth of E. corrodens and S. intermedius. The patient
was treated with amoxicillin-clavulanic acid and had resolution
of symptoms. Blood or other site cultures were not sent; hence,
the source of origin could not be determined.

E. corrodens rarely causes infection beyond the colonized sites
and is usually associated with periodontal disease or bite wounds.
Nevertheless, in our case, the lesion presented recently and
increased in size gradually, over the course of a few weeks and
without either periodontal disease or a history of trauma. Based
on the disease history and examinations, we identified no clue
of the path via which the pathogen formed the subcutaneous
abscess in this case. In conclusion, it is unusual to encounter
such an abscess caused by E. corrodens without an open wound
or an obvious source. Treatment of such an abscess and localized
infection depends on the choice of the antibiotic agent along
with a surgical approach. To our knowledge, this is the first
case of an arm abscess with E. corrodens without an open
wound or a prominent portal of entry.

Keywords
Eikenella corrodens, Streptococcus intermedius, subcutaneous
abscess, case report

Case Report
A 51-year-old female with type 2 diabetes mellitus, well-
controlled with oral medications, presented in the emergency
department with a slow onset, right upper arm swelling. The
swelling had become evident a few days ago and had gradually

increased in size. It had started out as an area of localized
erythema, about three weeks ago and gradually turned into a
painful lump; however, she reported no fever or night sweats.

The patient was previously diagnosed with endometrioid
carcinoma and had a total abdominal hysterectomy, two months
ago. She was also undergoing radiotherapy to her pelvis at the
time of presentation.

Physical examination revealed a firm, mobile lump on the distal
end of the right arm, 5 x 6cm in dimensions, which was tender
and warm to touch and had visible overlying erythema. However,
the patient was afebrile at the time of presentation. Laboratory
examination found a normal leukocyte count of 7.43 x 103 /µl
with neutrophilic percentage of 86.7%. The patient’s C- reactive
protein was 54.6mg/L (normal, <5 mg/L).

A non-Doppler ultrasound of the right upper extremity performed.
The ultrasound demonstrated right arm diffuse skin thickening
with marked edema in subcutaneous planes. A thick, organized,
walled off heterogeneous collection was noted on the ventral
aspect of right arm in subcutaneous planes, measuring 56 x 38
mm with absent internal vascularity on color Doppler, which
suggested to be infective in etiology.

Once the collection was confirmed by ultrasound, pus aspiration
was done, since the patient refused an incision and drainage.
Approximately 50 ml of pus was drained and then forwarded
to the microbiology laboratory for culture and susceptibility
testing. Blood cultures were not sent as patient had no systemic
signs and symptoms of infection. In the meanwhile, the patient
was discharged on oral co-trimoxazole, 2 tablets BID for one
week.

Her pus sample was received in the section of microbiology
and showed numerous pus cells, few gram- negative coccobacilli
and few streptococci in short chains on the gram-stain. The
sample was inoculated on to sheep blood agar, chocolate agar
and MacConkey’s agar plates. After 24 hours of incubation, no
growth was observed on the MacConkey’s agar; however, two
types of colonies were seen growing on the sheep blood and
chocolate agar plates. After identification by the Vitek MS,
MALDI-TOF platform (bioMérieux, France) as Eikenella
corrodens and Streptococcus intermedius, the identification of
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intermedius
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these bacteria were reported. Matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF MS)
is an emerging technology that has been widely used in clinical
microbial diagnosis in the past decade. It is gradually replacing
the traditional identification methods.

The E. corrodens isolate was sensitive to ampicillin, amoxicillin-
clavulanic acid, ceftriaxone, azithromycin, clarithromycin,
levofloxacin, ciprofloxacin, tetracycline, chloramphenicol and
co-trimoxazole. The S. intermedius strain was sensitive to
penicillin, ceftriaxone, tetracycline, chloramphenicol,
erythromycin, levofloxacin, and vancomycin. It was, however,
resistant to clindamycin. Since, both pathogens were sensitive
to penicillin and fluoroquinolones, the patient was called back,
and co-trimoxazole was switched to amoxicillin-clavulanic acid
1gm BID for one week.

The patient was inquired again about any history of bite injuries,
dental procedures, injection at the abscess site, intravenous
drug use, or exposure of wound site to human or animal saliva,
but there was none. It should be mentioned that no dental
examination by an expert was conducted, neither was it
mentioned in the emergency medical records.

During her stay in the hospital for the surgery, intravenous
access was obtained three times, on the right hand, forearm,
and left forearm but never in the arm region. The hematogenous
spread of pathogens during surgery is possible but highly
unlikely given such a localized subcutaneous abscess.

Our patient missed her outpatient clinic follow-up but on a
telephonic appointment two months later, she reported that the
swelling had subsided, and she had no symptoms suggestive
of ongoing infection or swelling.

E. corrodens rarely causes infection beyond the colonized sites
and usually because of periodontal disease or bite wounds.
Nevertheless, in our case, the lesion presented gradually and
without either periodontal disease or trauma history. Based on
the disease history and examinations, we detected no clue of
the path via which the pathogen formed the subcutaneous
abscess in this case.  Even though the patient was
immunocompromised and that is a potential risk factor for the
patient to develop E. corrodens infection but still could not
fully explain how the bacteria reached the arm. Echocardiography
was deferred in this case, as the patient had no clinical indication
that would be suggestive of endocarditis and patient responded
well to antibiotics with complete resolution of symptoms.

To the best of our knowledge, this is the first case of an arm
abscess with E. corrodens and Streptococcus intermedius without
an open wound or a prominent portal of entry nor any overt
source for hematogenous spread. Treatment of this type of
subcutaneous abscess infection depends on antibiotic agents
and sometimes needs a surgical approach.

Discussion
E. corrodens belongs to the HACEK group of bacteria, that
includes Haemophilus parainfluenzae, Aggregatibacter spp.,
Cardiobacterium spp., E. corrodens and Kingella spp. E.
corrodens is a part of the normal microbiota of the oropharynx
and has been traditionally known as a cause of infective
endocarditis.1

E. corrodens is a fastidious, facultative anaerobic, non-motile,
gram-negative bacillus that is a part of the normal flora of the
mouth and upper respiratory tract. It is being increasingly
recognized as a human pathogen and has been implicated in a
variety of human infections, including head and neck infections,
periodontitis, brain abscess, endocarditis, osteomyelitis and
intra-abdominal infections.1

E. corrodens is often recovered as a component of polymicrobial
infections which is commonly associated with human bites,
clenched-fist injuries or chronic nail-biting.2, 3 Skin, soft tissue,
and bone infections include cellulitis, necrotizing fasciitis,
abscesses, osteomyelitis, and arthritis, usually having a definitive
portal of entry via either local inoculation or hematogenous
spread.3, 4

Since, most cases with E. corrodens infections are associated
with an oral origin, in this scenario, due to the co-infection
with S. intermedius, an oral source was suspected. However,
the patient denied any history of dental disease, bite, injection,
or any other injuries.

In this case, the combination of a surgical procedure and
antibiotic cover was found to be effective. Previous studies
revealed that the antimicrobial therapy alone is normally
inadequate, and surgery can prove critical for favorable
outcomes.7

Previous studies have also shown that the majority of patients
suffering from abscesses caused by E. corrodens and
Streptococcus species have required a surgical procedure along
with appropriate antibiotic therapy to achieve the desired clinical
outcome.5, 6

The authors would also like to mention though that MALDI-
TOF MS has shown potential as the rapid identification tool to
identify various microorganisms as well as represent a technique
that allows a rapid and cost saving method for identifying
viridans group streptococci, its ability to identify and differentiate
within the S. anginosus group is limited and this performance
can be further improved by expanding its database. 8

Although there were discrepancies in identifying isolates at the
genus/species level, the performance could be improved by
expanding its database.

Claridge III et al. suggests in his paper that S. constellatus is
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most commonly associated with E. corrodens co-infection,
raising the possibility of misidentification of the species.
However, we did not perform further identification or gene
sequencing to confirm this, since this would have had no direct
impact on the patient’s management. 9

Conclusion
E. corrodens and Streptococcus intermedius infections are
usually associated with a portal of entry through wound or bite
area but in our case, this occurred de-novo without any evident
portal of entry. These are associated with abscesses, osteomyelitis
or endocarditis. In our case, the abscess responded to amoxicillin-
clavulanic acid 1g BID for one week.

Patient Consent
Institutional Ethical Review Board gave exemption from the
patient's written/informed consent.
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Introduction
Staphylococcus aureus is one of the most common cause of
nosocomial and health care associated infections. Rise in the
frequency of methicillin-resistant Staphylococcus aureus
(MRSA) strains in last few years possess a great challenge in
management of complicated infections due to availability of
few and expensive therapeutic options and increasing
antimicrobial resistance.

The incidence of MRSA infections is thought to have increased
from 35% to around 51% in the last decade only1 and currently
a prevalence of more than 60% is reported across the country.2

The primary infection control procedure for limiting the
nosocomial spread of MRSA, as recommended by the Centre
of disease control and prevention (CDC), USA is practicing
contact precautions (separation of patients through placing
infected/ colonized patients in single rooms or cohorting together,
use of gown and gloves for all contact with the patient or their
environment, and use of dedicated patient-care equipment)..3

Another strategy employed by some healthcare institutes is
performing admission screening cultures for MRSA and isolating
the colonized patients, using barrier precautions, and in some
hospitals also followed by MRSA decolonization by different
regimens including chlorhexidine baths, 2% intranasal mupirocin
application of intranasal povidone-iodine and washing with
povidone-iodine soap. On the other hand, colonization of HCWs
is a commonly overlooked cause of nosocomial spread of
MRSA. HCWs, when not screened, due to unknown colonization
status, are not aware and cognizant to follow contact precautions
while interacting with the patients and may lead to nosocomial
spread of MRSA. MRSA screening and subsequent
decolonization of HCWs is an effective yet debated method
followed by many hospitals as a MRSA controlling tactic.

Many studies have evaluated different decolonization regimens
used in colonized/infected patients, and their effect on hospital
MRSA infection rates. However only few studies have assessed

the impact of screening and decolonization of HCWs on in-
hospital MRSA infections. In this study, we report the result
of HCWs screening and decolonization for MRSA and its
influence on hospital MRSA infection rate.

Materials and Methods:
Study Setting and design
A retrospective review of laboratory data was performed by
examining electronic medical records, at The Cancer Foundation
Hospital Karachi, from August 2019 to July 2020.

Data retrieval and analysis
Data was retrieved for all reported MRSA infections received
from inpatients, 6 months prior to (August 2019- January 2020)
and 6 months after (February 2020- July 2020) staff screening
and decolonization and hospital MRSA rates were calculated
to see the difference pre- and post-decolonization. All
microbiological samples comprising of blood, urine, pus, body
fluids, sputum, bronchial lavage, tissue, Catheter tips, high
vaginal swabs with growth of MRSA were included in the
study. Data was entered and analyzed in MS excel.

Laboratory methods
Clinical specimens were plated onto Chocolate and blood agar,
incubated at 35°C along with 5% CO2 for 24-48 hours and
examined daily. Suspected MRSA colonies were identified by
the tube and slide coagulase test using human plasma. Once
identified as Staphylococcus aureus, resistance to oxacillin was
determined via the cefoxitin disk diffusion method (BD, Oxoid,
UK) according to Clinical and Laboratory Standards Institute
(CLSI) recommendations.

HCWs screening for MRSA was performed by taking nasal
swabs from both nares and identification and sensitivity testing
was performed in similar manner as clinical samples.

Decolonization Methods
Decolonization protocol was designed by the infectious disease’s
physician and consisted of intranasal application of 2% mupirocin
ointment thrice daily and chlorhexidine bath daily for 1 week,
cycle to be repeated twice in a month. All colonized HCWs
were given written instructions to follow the decolonization
regimen and were also provided with decolonization material
to self-administer.
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Ethics Approval
This study was reviewed and granted a waiver of individual
informed consent by the Ethical Review Committee of The
Cancer Foundation Hospital Karachi. Informed verbal consents
were taken from HCWs before decolonization was executed.

Results
From August 2019 to January 2020, MRSA was isolated from
total 49 out of 489 (10%) clinical samples received in the
laboratory from admitted patients. Most common source
identified were pus specimens, followed by sputum/ tracheal
aspirate. (Table 1)

From February 2020 to July 2020, 234 clinical specimens were
received from hospitalized patients and MRSA was isolated
from overall 12 clinical specimens (5.1%), again pus being the
most common specimen. (Table 1)

A total of 54 HCWs were screened by nasal swab sampling for
MRSA, out of which 35 tested positive and identified as carriers,
and were decolonized. Successful decolonization was confirmed
by re-swabbing and negative cultures.

Discussion and Conclusion
MRSA being one of the most common nosocomial pathogens,
remains a threat to both the patients and the HCWs in healthcare
setting. A prevalence of more than 60% is reported from different
hospitals of Pakistan.2 Even this high burden may be an
underestimation of true infection rate due to unawareness in
community and public health sector regarding the importance
of diagnostic stewardship, inaccessibility to and unavailability
of microbiological testing facilities and lack of infrastructure
in many hospital and laboratory setups for reporting of rates of
multidrug resistant (MDR) infections to national surveillance
authorities.

Sample type Before decolonisation (Aug 2019- Feb 2020) After decolonisation (March 2020-July 2020)

No. of samples No. of samples with No. of samples No. of samples with
received MRSA isolated received MRSA isolated

Blood 203 5 96 1
Urine 103 5 71 0
Body fluid 42 5 24 1
Pus/ Pus swab 56 19 26 8
Tissue 3 2 1 0
Sputum/Tracheal aspirate 58 11 10 1
CVP tip 10 1 5 0
High vaginal swab 1 1 0 0
Nasal swab 1 0 1 1
Total 489 49 (10%) 234 12(5.1%)

Table 1. MRSA infection rates before and after decolonization of HCWs

MRSA colonization increases the risk of subsequent infections
by 23%-30%,4,5 hence making eradication of MRSA carriage
a vital clinical task to reduce the risk of infection in colonized
patients and cross-transmission to non-colonized patients.
Though the effectiveness of decolonization treatment still is
questionable, and there are no established and recognized
guidelines regarding its utility, a number of prospective trials
reported a success rate ranging from 25% to 95%.5   Therefore
it could be used as a rational infection control strategy in both
patients and HCWs.

We retrospectively analyzed the hospital data for MRSA infection
rate in two halves, before and after decolonization of HCWs,
and the number of MRSA infections declined to almost half
(from 10% to 5.1%) in the second half which can be attributed
partially to decolonization.

However, there are limitations to this study as it is a retrospective
analysis which restricts the inferences possible to be made.
Firstly, colonization status of patients was not assessed on
admission and hence it is possible that MRSA infection were
not hospital acquired. Secondly, primary diagnosis and
underlying comorbid were not taken into account. Lastly, since
this was a retrospective observational study, other confounding
factors which could have led to decrease the number of infections
were not taken into account.

With increasing incidence of MRSA infections each year2

screening and subsequent decolonization can prove to be a
cost-effective approach to reduce the number of infections,
reduces the expense for antibiotic therapy, saves the resources
used for patient isolation and contact precautions, decrease the
surge of rising antimicrobial resistance, lessens excessive
laboratory burden for unnecessary microbiological testing, but
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mainly and largely because it reduces patient morbidity and
mortality. However this study is only a retrospective
observational analysis and a prospective case control study
with larger sample size is required to study the association
between MRSA decolonization and nosocomial infection rates.
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