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Abstract

Background: Febrile neutropenia is one of the most serious complications of cancer chemotherapies. Appropriate empirical antibiotics
should be started immediately because delay in treatment may cause life-threatening consequences. Objective: This study focuses on the
common bacteria encountered at the Hiwa Hospital to review the current state of the hospital's antibiogram and recommendations for
managing antimicrobial resistance. Method: We retrospectively collected culture-confirmed febrile neutropenic cases from the system
database of a tertiary care cancer hospital in Sulaimani, Irag, from January 2021 to December 2022. Results:144 culture-confirmed cases
were collected during the study period, ninety-four of them from hematology wards and fifty from oncology wards. The participant age
range was 2-79 years with a mean age of 34.8 years. Seventy-three of them were male with male to female ratio of 1:0.9. Gram-negative
bacteria comprised 50.7% of total cases, 47.9% had gram-positive, while only 1.4% had fungal growth. The most common isolated
pathogens were Staphylococci species (38.9%), E. coli (29.2%), Klebsiella pneumonia (9%), Streptococcus spp. (8.3%), and Pseudomonas
spp. (8.3%). Staphylococcus spp. showed a significantly increased prevalence of resistance against amoxicillin/clavulanic acid, ceftriaxone,
cefepime, and levofloxacin, while E. coli had it against ceftriaxone, ceftazidime, cefepime, ciprofloxacin, meropenem, and
piperacillin/tazobactam. Klebsiella spp. had a significantly increased prevalence of resistance against amikacin, cefepime, and
ciprofloxacin. MRS strains among Staphylococci spp. were 48.2%, MDR among gram-negative was 74%, and XDR was 12.3%.
Conclusions: We found a high prevalence of antibacterial resistance among cancer patients that contributes to quinolones-induced collateral
damage.
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INTRODUCTION

Infections in cancer patients constitute a significant
contributor to morbidity, mortality, and substantial
financial burdens [1]. It can present a significant obstacle
to the efficacy of cancer treatment. The escalating global
rise of antimicrobial resistance further exacerbates these
challenges [1,2]. Febrile neutropenia is one of the most
serious complications of cytotoxic myelosuppressive
cancer chemotherapies and is associated with significant
morbidity and mortality, it might necessitate
chemotherapy holding or dose reduction which could
impact the effectiveness of treatment [3,4]. The main
function of neutrophils is to provide a host defense
mechanism against infections, particularly bacterial and
fungal infections [5,6]. Patients with neutropenic fever are
particularly vulnerable to infections; the risk of infection
increases with the severity and duration of neutropenia
[7]. The severity of neutropenia is associated with the
chemotherapy potency. The likelihood of progressive
infections rises as the absolute neutrophil count (ANC)
becomes lower than 1000/uL, and the risk of life-
threatening infection increases as the (ANC) falls into the
severely neutropenic range which is below <500/pL.
Patients with agranulocytosis are highly susceptible to
severe, life-threatening infections with opportunistic
organisms which is characterized by an almost complete
absence of neutrophils in the peripheral blood with ANC
below 100/uL [8]. The incidence of febrile neutropenia
varies according to malignancy, those patients who
received chemotherapy for a hematological malignancy
have a higher incidence compared to those with neoplastic
therapy [7]. Patients with intermediate or high risk for
developing febrile neutropenia are prophylactically
treated with quinolones [5]. Upon diagnosis of severe
febrile neutropenia, timely and appropriate action is
necessary [5). Initial diagnostic approaches include a
complete blood count with at least two sets of blood
cultures followed by empirical antibiotic therapy [5,1].
Empirical antibiotic therapy is the initial administration of
broad-spectrum antibiotics within 24 hours of admission
due to the absence of information regarding the causative
organism and it is antimicrobial susceptibility [9]. The
goal of empirical antibiotic therapy is to offer sufficient
coverage against common offending pathogens with
minimal exposure to unnecessary antibiotics [10].
Selection of antibiotics should rely on patients' symptoms,
previous culture, and the antibiogram data of the
institution [11,1]. Empirical therapy must be followed by
a target (adjusted) antibiotic therapy that uses antibiotics
based on laboratory culture and sensitivity results [12].
Among microbes, bacteria stand as the predominant
pathogens associated with febrile neutropenia [13,1]. The
bacterial pathogens pattern differs both over time and
across different countries or regions. Initially, gram-
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negative bacteria were more prevalent, but gram-positive
bacteria later became more common [14,15,13). Recent
trends show a resurgence of gram-negative bacteria in
adults and gram-positive bacteria in pediatric patients
[14]. Commonly implicated bacterial pathogens generally
include aerobic gram negatives such as; Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas aeruginosa.
Also, aerobic gram positives such as Staphylococcus
aureus, coagulase-negative  Staphylococci, viridans
Streptococci, and Enterococci. Anaerobic bacteria and
fungi are also possible but to a lesser extent [6,1,13]. The
outlook is more unfavorable for individuals with
confirmed bloodstream bacterial infections, especially
rod-shaped gram-negative [16]. The mortality rate is 18%
in cases of gram-negative bacteremia and 5% in instances
of gram-positive bacteremia [17]. The World Health
Organization (WHO) has warranted that the excessive and
inappropriate use of antibiotics has resulted in the rise of
antibiotic resistance, which poses a significant threat to
global health security (7). Clinical practice guidelines
from the Infectious Disease Society of America IDSA
recommended empirical antibiotic monotherapy typically
includes a beta-lactam antibiotic with antipseudomonal
activity (cefepime, meropenem, imipenem,
piperacillin/tazobactam) [1,13]. Unfortunately, the use of
prophylactic antibiotics including extended-spectrum
beta-lactamase (ESBL) contributed to the progression of
resistance pathogens [1,6]. Infections caused by multi-
drug-resistant (MDR) microorganisms contribute to
higher mortality rates, increased demand for medical care,
and increased treatment costs. Infections are among the
most common causes of cancer patients’ death,
Unfortunately, the emergence of MDR pathogens
threatens the efficacy of treatment and the survival of
patients who rely on antibiotics for treatment success [7].
Variations in pathogen profiles by region emphasize the
need for tailored management of febrile neutropenia in
cancer patients, particularly given the global challenge of
increasing antibiotic resistance [15]. However, few
studies have been conducted in this hospital, and data on
bacterial profile resistance in our region remains limited.
This study focuses on the most common pathogens
encountered in neutropenic patients at Hiwa Cancer
Teaching Hospital to review the current state of the
antibiogram of the hospital and enhance our
understanding of the antimicrobial resistance and
sensitivity patterns of the chosen agents. Additionally, the
study aims to choose the most suitable antibiotic regimens
for these patients. Moreover, it has the potential to pave
the way for future investigation into this approach and
may influence changes in the existing treatment guidelines
of this hospital.

METHODS



Ameen et al
Study design and setting

This cross-sectional study was conducted at Hiwa Cancer
Teaching Hospital (tertiary care hospital) in Sulaimani,
Iraq, with a secondary analysis of routinely collected
hospital data. According to the hospital guidelines for any
patient diagnosed and admitted with neutropenia routinely
two sets of blood cultures are taken one from the central
venous catheter and one from the peripheral vein, in cases
where absent central catheter, two sets of peripheral vein
puncture will be taken, a complete blood count test
including differential leukocyte count will also be taken.
The BD Phoenix fully automated system is used for rapid
identification and bacterial susceptibility. Data was
collected from the hospital patient information database
between January 1, 2021 to December 31, 2021 compared
to those of January 1, to December 31, 2022.

Inclusion criteria

Between 2021 and 2022, the Hiwa Hospital System
database regularly recorded blood cultures with positive
growth results for patients who developed FN between the
ages of 2 years and older after receiving chemotherapy for
an oncological or hematological malignancy.

Exclusion criteria

Those patients had neutropenia due to another cause,
rather than chemotherapy. We excluded all patients with
viral infections and those whose diagnoses were not
documented at Hiwa Hospital, as these data were collected
during the COVID-19 era.

Statistical analysis

We performed the statistical analysis using the Statistical
Package for the Social Sciences (SPSS) version 26.0 (IBM
Corp., Armonk, NY, USA). We present continuous
variables as the mean and standard deviation (SD), and
categorical variables as numbers and percentages. We
used the chi-square test to estimate the difference between
categorical variables. A p-value of <0.05 was considered
significant.

RESULTS

A total of 144 blood cultures were collected during the
study period from 1%t January 2021, to 31%
December 2022. Sixty-nine samples were obtained in
2021 and seventy-five in 2022. The participants’ ages
ranged from 2 to 79 years old with a mean age of 34.8+221
years. there were seventy-three males and seventy-one
females resulting in a 1:0.9 male-to-female ratio. Ninety-
four of the participants (65.3%) were admitted to
hematological wards, while fifty (34.7%) were admitted
to oncology wards (Table 1).
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Table 1. Demographic and basic characteristics of the patients with
neutropenic fever

Characteristics Values
Age (year) 34.8+22.1
< 20 years 58(40.3)
20- 40 years 26(18.1)
41- 60 years 37(25.7)
>60 years 23(16.0)
Gender
Male 73(50.7)
Female 71(49.3)
Ward
Hematology 94(65.3)
Oncology 50 (34.7)
Years of collecting samples
2021 69(47.9)
2022 75(52.1)
Total 144(100.0)

The values are expressed as frequencies, percentages, and means+SDs.

The incidence of bacterial growth for 2021 and 2022 were
as the following subsequently; Gram-negative bacteria
were detected among 50.7% (49.3%, 52%), whilst gram
positive comprised 47.9% (47.8%, 48%) of all isolates,
and only 1.4% (2.9%, 0%) were had fungal growth. The
most common isolated organism were Staphylococcus
spp. 38.9% (40.6%, 37.3%), E. coli was the second
highest by 29.2% (27.5%, 30.7%). Klebsiella came in
third 9% (8.7%, 9.3%). This was followed by Streptococci
species hemolyticus group 6.2% (4.3%, 8%), and non-
hemolyticus Streptococci spp. or Enterococcus spp. 2.1%
(2.9%, 1.3%), then Enterobacter spp.1.4% (1.4%, 1.3%)
and lastly, Truperella, Salmonella, Acinetobacter,
Achromobacter, Stenotrophomonas all were available in
0.7% (0%, 1.3%) (Table 2).

Table 2: Organisms isolated from febrile neutropenic patients

Microorganism isolated 2021 2022 Total
Gram-positive bacteria 33(47.8) 36(48.0) 69(47.9)
Staphylococcus 28(40.6) 28(37.3) 56(38.9)
Streptococcus hemolyticus 3(4.3) 6(8.0) 9(6.2)
Streptococcus nonhemolyticus 2(2.9) 1(1.3) 3(2.1)
Trueperella 0(0.0) 1(1.3) 1(0.7)
gram-negative bacteria 34(49.3) 39(52.0) 73(50.7)
E. coli 19(27.5)  23(30.7) 42(29.2)
Klebsiella 6(8.7) 7(9.3) 13(9.0)
Enterobacter 1(1.4) 1(1.3) 2(1.4)
Pseudomonas 8(11.6) 4(5.3) 12(8.3)
Salmonella 0(0.0) 1(1.3) 1(0.7)
Acinetobacter 0(0.0) 1(1.3) 1(0.7)
Achromobacter 0(0.0) 1(1.3) 1(0.7)
Stenotrophomonas 0(0.0) 1(1.3) 1(0.7)
Fungi 2(2.9) 0(0.0) 2(1.4)
Candida 2(2.9) 0(0.0)

Total 69(48.0) 75(52.0) 144(100.0)

The values are expressed as frequencies and percentages.

Out of 142 positive samples with bacterial growth, only
four showed sensitivities to all tested antibacterial (three
gram-positive, one gram-negative). Among 94
hematological cases, 50 of them had gram-negative
bacterial growth, while among oncological cases 23 had
gram-negative bacterial growth (Table 3). Among 42
isolated E. coli, 83.3% of them were MDR, and 4.765
were XDR. Among 13 isolates of K. pneumonia 76.9%
were MDR and 15.38 were XDR, while among 12 isolates
of P. aeruginosa, 58.3% were MDR and 41.65 were XDR.
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Table 3: Distribution of gram-negative vs gram-positive isolates among hematology and oncological malignancies

Ward Gram-negative Gram-positive Fungi
Hematology (n=94) 50(53.2) 44 (46.8) 0(0.0)
Oncology (n=50) 23(46) 25(50) 2(4)
144 73 69 2

The values are expressed as frequencies and percentages.

Table 4: Gram-negative MDR strains over the two subsequent years

Bacteria 2021 2022 Total
E. coli 13 22 35(83.3)
K. pneumonia 4 6 10(76.9)
P. aeruginosa 5 2 7(58.3)
A. bumannii 0 1 1(100)
Stenotrophomonas spp. 0 1 1(100)
Total 22 32 54(74)

The values are expressed as frequencies and percentages. MDR: multidrug resistance.

Table 5: Gram-negative XDR over the two subsequent years

Bacteria 2021 2022 Total
E. coli 1 1 2(4.76)
K. pneumonia 1 1 2(15.38)
P. aeruginosa 3 2 5(41.6)
A. bumannii 0 0 0(0.0)
Stenotrophomonas spp. 0 0 0(0.0)
Total 5 4 9(12.3)

The values are expressed as frequencies and percentages. XDR: extensive drug resistance.

Table 4 and Table 5. MRS strains in 2021 were twelve species) which accounts for 53.5% of them. In 2021
(among 28 staphylococci species) which is 42.8%. In among two isolated Enterococci species, both of them
2022 fifteen were isolated (among 28 staphylococci were VRE, whilst only one Enterococci was found in 2022

and it was VSE (Table 6).

Table 6: Gram-positive MDR strains over the two subsequent years

Bacteria 2021 2022 Total
Staphylococcus spp. 12 15 27(48.2)
Enterococci spp. 2 0 2(66.6)

The values are expressed as frequencies and percentages. MDR: multidrug resistance.

neutropenic patients; fever may be the only and early sign
of infection due to diminished neutrophil-mediated
inflammatory response. Early recognition of sever
neutropenic fever and appropriate empirical systemic
antibiotic therapy is crucial, thereby preventing the
progression to sepsis and fatal outcomes [15]. Our results
demonstrated that there was not a significant difference in
the incidence of febrile neutropenia among the two
genders. According to a recent study, they had a male ratio
slightly higher than the female ratio but they could not find
any statistically significant association between gender
and febrile neutropenia [18]. In another study by Ali et al.
[19], there was no notable variance in the incidence of
febrile neutropenia between the two genders. Another
study by Poveda et al. [20] reported a male-to-female ratio
near our results. Consistent with existing literature, our
data demonstrates a higher incidence of febrile
neutropenia among hematological malignancies than

We analyzed the common pathogens identified in this
study and compared them with the antibiotics commonly
utilized at Hiwa Cancer Teaching Hospital. Among gram
negatives, a significantly increased prevalence of E. coli
resistance was found against ceftriaxone, ceftazidime,
cefepime, ciprofloxacin, meropenem, and,
piperacillin/tazobactam. Klebsiella resistance against
ceftazidime was 100% in both years, and it is prevalence
of resistance was found to increase toward ciprofloxacin
and cefepime. The resistance pattern of pseudomonas was
only increased against ciprofloxacin (Table 7). In our
study four isolates of gram-positive bacteria were isolated,
fifty-six of them were staphylococcus species that showed
a significantly increased prevalence of resistance to
amoxicillin/clavulanic acid, ceftriaxone, cefepime, and
levofloxacin. When the number of tested isolates is below
four in one year, we did not calculate the p-value due to
an imbalanced comparison between the two years (Table

8). those with solid tumors [6]. We had a hematology versus
oncology rate of 65.3% to 34.7% respectively, this result
is disproportionate to the data from Joudeh et al. [6] who

DISCUSSION got 84.7% among hematological cases. While Makhani et

Cancer patients are highly susceptible to infections owing al. [18] had only 59.4% of hematological malignancies

to either the myelosuppressive effect of chemotherapy or who experienced febrile neutropenia. However, another

damage of primary host defense mechanism as mucosal study in Iran by Vahedian-Ardakani et al. [14] yielded
membranes of the alimentary track that leads to normal results that closely resemble our findings, they reported
flora translocations into the bloodstream and infection. In 63.3% cases in hematology and 37.7% in oncology. Over

51



Ameen et al

the following twenty years, there was a notable shift in the
causes of febrile neutropenia with a significant decrease

Table 7: Antibiotic resistance in gram-negative isolates

Antimicrobial resistance in cancer patients

in cases caused by gram-negative bacilli and a rise in those
cases caused by gram-positive cocci.

2 c
g < g E o g 5 Eg
s g 3 2 E £ 2 g R
) - X~ = I (=3 k7 15} o S 3
S s = t= t= £ = = 5 2Q
s > Z 8 8 3 8 (5] s g g
2021 1(6.3%) 6 (42.9) 8(50.0) 1(12.5) 0 (0.0%) 3(27.3) 3(16.7) 0(0.0)
(n=16) (n=14) (n=16) (n=8) (n=19) (n=11) (n=18) (n=11)
= 2022 1(4.3) 20(87.0) 19(82.6) 19(82.6) 0(0.0) 20(87.0) 8(34.8) 12(54.5)
o (n=23) (n=23) (n=23) (n=23) (n=23) (n=23) (n=23) (n=22)
w Total 2(5.1) 26(70.3) 27(69.2) 20(64.5) 0(0.0) 23(67.6) 11(26.8) 12(36.3)
(n=39) (n=37) (n=39) (n=31) (n=42) (n=34) (n=41) (n=33)
p-value 0.35 0.009 0.034 <0.001 >0.05 0.002 0.019 0.001
2021 3(50.0) 5(83.3) 6(100.0) 3(75.0) 0(0.0) 2(50.0) 3(50.0) 3(75.0)
© (n=6) (n=6) (n=6) (n=4) (n=6) (n=4) (n=6) (n=4)
3 2022 1(14.3) 6(100.0) 7(100.0) 7(100.0) 0(0.0) 5(83.3) 3(42.9) 6(85.7)
2z (n=7) (n=6) (n=7) (n=7) (n=7) (n=6) (n=7) (n=7)
g Total 4(30.8) 11(91.7) 13(100.0) 10(90.9) 0(0.0) 7(70.0) 6(46.2) 9(81.8)
(n=13) (n=12) (n=13) (n=11) (n=13) (n=10) (n=13) (n=11)
p-value 0.016 0.363 >0.05 0.0103 >0.05 0.026 0.797 0.175
2021 4(50.0) 8(100.0) 8(100.0) 4 (80) 0(0.0) 1(20.0) 5(62.5) 2(50.0)
3 (n=8) (n=8) (n=8) (n=5) (n=8) (n=5) (n=8) (n=4)
é 2022 1(25.0) 4(100.0) 2(50.0) 2(50.0) 0(0.0) 2(50.0) 2(50.0) 1(25.0)
s (n=4) (n=4) (n=4) (n=4) (n=4) (n=4) (n=4) (n=4)
3 Total 5(41.7) 12(100.0) 10(83.3) 6(66.7) 0(0.0) 3(33.3) 7(58.3) 3(37.5)
& (n=12) (n=12) (n=12) (n=9) (n=12) (n=9) (n=12) (n=8)
p-value 0.031 >0.05 0.009 >0.05 >0.05 0.016 0.577 0.018
The data are expressed as numbers and percentages.
Table 8: Antibiotic resistance in gram-positive isolates
= = 1= c = -
) c [=s} %) . 5 = = c
g < <= S 3 pS = ol
" 2021 14(93.3) 8(57.1) 9(39.0) 7(58.3) 5(21.7) 0(0.0) 8(61.5) 11(44.0)
3 (n=15) (n=14) (n=23) (n=12) (n=23) (n=28) (n=13) (n=25)
s . 2002 25(92.6) 13(81.25) 17(80.95) 15(83.3) 21(75.0) 0(0.0) 13(68.4) 13(72.2)
2> § (n=27) (n=16) (n=21) (n=18) (n=28) (n=28) (n=19) (n=18)
£ Total 39(92.9) 21(70) 26(59.1) 22(73.3) 26 (51.0) 0(0.0) 21(65.6) 24(55.8)
£ ota (n=42) (n=30) (n=44) n=30 (n=51) (n=56) (n=32) (n=43)
p-value 0.420 0.017 0.015 0.022 <0.001 >0.05 0.05 0.066
" 2021 0(0.0) 0(0.0) 1(33.3) 1(50.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
S 3 (n=0) (n=2) (n=3) (n=2) (n=1) (n=3) (n=1) (n=3)
gs 2022 2(66.7) 2(50.0) 2(66.7) 2(50.0) 1(20.0) 0(0.0) 2(33.3) 2(40.0)
ce (n=3) (n=4) (n=3) (n=4) (n=5) (n=5) (n=6) (n=5)
o2 Total 2(66.7) 2(33.3) 3(50) 3(50.0) 1(16.6) 0(0.0) 2(28.6) 2(25.0)
» 8 (n=3) (n=6) (n=6) (n=6) (n=6) (n=8) (n=7) (n=8)
p-value N/A N/A N/A N/A N/A N/A N/A N/A
2021 0(0.0) 2(100.0) 1(50) 2(100) 0(0.0) 2(100) 1(50) 0(0.0)
S g (n=2) (n=2) (n=2 (n=2) (n=2) (n=2) (n=2) (n=1)
gg 2022 0(0.0) 1(100) 1(100) 1(100) 0(0.0) 0(0.0) 1(100) 0(0.0)
=5 (n=2) (n=1) (n=1) (n=1) (n=2) (n=2) (n=1) (n=0)
g £ Total 0(0.0) 3(100.0) 2(66.7) 3(100.0) 0(0.0) 2(50.0) 2(66.7) 0(0.0)
&< (n=4) (n=3) (n=3) (n=3) (n=4) (n=4) (n=3) (n=1)
p-value N/A N/A N/A N/A N/A N/A N/A N/A

The data are expressed as numbers and percentages. N/A: not calculated due to low isolate.

This shift can be attributed to various factors including
widespread administration of chemotherapy leading to
substantial oral mucositis, the near-universal presence of
central venous catheters among these patients, and
frequent use of prophylactic antibiotics primarily
targeting gram-negative bacilli as quinolones [21,22,6].
Another factor for gram-positive shifts back is the
excessive consumption of H2 receptor antagonists and
those drugs that suppress gastric acid secretion among
these patients [23]. A study from Tanzania [24] showed

52

that all their cases had gram-positive bacterial growth.
However, in recent years several studies highlighted a
notable revert in the epidemiology of febrile neutropenia,
indicating a shift back from gram-positive to gram-
negative, additionally, there has been a significant
emergence of MDR prevalence [21,22,25]. A similar
trend was reported by Vahedian-Ardakani et al. [14] they
recorded 84.9% gram-negative. However recent data from
a study in the Middle East shows gram positives are more
predominant [6]. Our results showed that among culture-
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positive cases, 73 (50.7%) of them were gram-negative 34
(49.6%) in 2021 and 39 (53.4%) in 2022 and 69 (47.9%)
were gram-positive 33 (47.8%) in 2021 and 36 (52.2%) in
2022. Among hematological cases, 53.2% of them had
gram-negative growth. However, most investigators
reported an incidence of gram-negative bacteria among
hematological cases higher than what we reported [14,15],
this can be attributed to many factors, as we followed our
patients’ drug history from the hospital database, almost
all cases who admitted at hematological wards they had
received prophylactic doses of quinolones that can
decrease gram-negative incidence and protect most of
those with hematological malignancy against bacteremia
post-chemotherapy [17]. However, many centers reported
comparable rates of gram-positive and gram-negative
incidence of bacteremia in FN [22,17]. Fungal infection in
our hospital was %1.4 which is comparable to another
Middle Eastern country study 1% [17]. Regarding the
most common offending pathogen, our findings show
predominance of Staphylococci spp., E. coli, Streptococci
spp., Klebsiella, and Pseudomonas spp. A similar trend
was also reported by Parodi et al. [22]. Staphylococci spp.
was the most frequently isolated bacteria by 38.9%, with
28 isolates each year. 42.8% of Staphylococci spp. were
MRS strains and this value increased to 53.5% in 2022.
That represents 18.7% of total cases and 48.2% of all
Staphylococci spp. This value is lower than a study
conducted in Venezuela by Morris et al. [26], who found
that 89.3% of Staphylococcus aureus spp were MRSA and
it is higher than a recent study from a developed country
by Joudeh et al. [6] they reported only 1.6% MRSA.
Lubwama et al. [25] from Uganda reported that all
Staphylococcus spp. in their study were MRSA.
Staphylococcus spp. in our study had a significantly
increased prevalence of resistance to
amoxicillin/clavulanic acid, ceftriaxone, cefepime, and
levofloxacin. It has an overall resistance rate of 92.9% to
ampicillin, 70% to amoxicillin/clavulanic acid, 59.1% to
ceftriaxone, 73.3% to cefepime, 51% to levofloxacin,
65.6% to meropenem, and 55.8% to
piperacillin/tazobactam. Among 12 Streptococci spp. hine
of them were Streptococci hemolyticus group (6.2%) and
three were non hemolyticus group (Enterococci spp.
2.1%). The non-hemolyticus group in 2021 was 100%
susceptible to ampicillin, amoxicillin/clavulanic acid,
levofloxacin, vancomycin, meropenem, and
piperacillin/tazobactam. It is total resistance to ampicillin
was 66.7%, amoxicillin/clavulanic acid and ceftriaxone
33.3%, cefepime 50%, levofloxacin 16.6%, meropenem
28.6% and, piperacillin/tazobactam was 25%. Among two
Enterococci spp in 2021, both of them were VRE, while
in 2022 only one species was isolated and it was VSE.
Totally  they  were 100%  susceptible  to
piperacillin/tazobactam, levofloxacin, and ampicillin. In
the Joudeh et al. [6] study they were resistant to
piperacillin/tazobactam by 42.9% and to ampicillin by
33.3%, and they reported Enterococci as the predominant
pathogen while it was not found as a dominant pathogen
in our results and VRE prevalence was not increased over
the two subsequent years. Among gram-negative
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pathogens, E. coli represents the most frequently isolated
bacteria 19 in 2021 and 23 in 2022. That is 29.2% of total
cases, this finding is consistent with a review [21], which
reported it is range from 10.1%-53.6%. In 2021 among 11
isolated E. coli samples, tested for piperacillin/tazobactam
susceptibility, all of them were sensitive to it, but in 2022
(54.5%) of 22 isolated tests became resistant to it. It is
total resistance rate over the two subsequent years was
5.1% to amikacin, 70.3% to ceftriaxone, 69.23% to
ceftazidime, 64.5% to cefepime, 67.6% to ciprofloxacin,
26.8% to meropenem and 36.3% to
piperacillin/tazobactam. A study from Iran by Vahedian-
Ardakani et al. [14] reported 50% resistance to
ciprofloxacin, 31% to amikacin, 20% to meropenem, and
another study from Vietnam by Bhat et al. [27] reported
that 82.9% of E. coli were resistant to quinolones,42.8%
to aminoglycosides, 15.6% to carbapenems. Over the two
subsequent years, there were 13 isolates of Klebsiella
pneumonia, which represents 9% of total pathogens, six in
2021 and seven in 2022. This result is consistent with a
review [21] that included 24 studies, and Klebsiella
pneumonia isolation range was mentioned as 9.7%-
44.5%. In our study, Klebsiella pneumonia was highly
resistance to ceftazidime and ceftriaxone in 2021, which
means the prevalence of resistance did not significantly
increase since it was already high in 2021 (100% and
83%) to 100% and 100%, respectively. Overall Klebsiella
pneumonia in our study was resistant to Amikacin by
30.8%, ceftriaxone by 91.7%, ceftazidime by 100%,
cefepime by 90.9%, ciprofloxacin 70%, meropenem
46.2% and piperacillin/tazobactam 81.8%. while in the
Joudeh et al. [6] study it was resistance to cefepime by
40%, ceftriaxone by 50%, ceftazidime
piperacillin/tazobactam, and ciprofloxacin 60%. Another
study by Lubmawa et al. [25] reported Klebsiella
pneumonia resistance against ceftazidime and ceftriaxone
was 100%, piperacillin/tazobactam and ciprofloxacin
were 85.7%. Pseudomonas aeruginosa accounted for 8.3%
of our results 8 in 2021 and 4 in 2022. This finding is
consistence with the Trecarichi & Tumbarello [21]
review, who recorded it is frequency in 7%-44.5%. In
2021 it has 50% resistance to amikacin,100% to
ceftazidime, 80% to cefepime, 20% to ciprofloxacin,
62.5% to meropenem and 50% to piperacillin/tazobactam.
In 2022 it showed a significant prevalence of increased
resistance against ciprofloxacin, whilst it decreased
significantly toward amikacin, piperacillin/tazobactam,
and ceftazidime. Joudeh et al. [6] results showed that
Pseudomonas aeruginosa resistance to meropenem was
66.7%, and 50% to ciprofloxacin, ceftazidime, and
cefepime while in our study it is mean resistance rate over
the two subsequent years was 41.7% to amikacin, 83.3%
to ceftazidime, 66.7% to cefepime, 33.3% to
ciprofloxacin, 58.3% to meropenem and 37.5% to
piperacillin/tazobactam. MRS strains and VRE are usually
considered MDR among gram-positive [1]. Our
cumulative data showed the dominance of Staphylococcus
spp. and among them, 48.2% were MRS strains. However,
66% of isolated Enterococci spp. were VRE, but
Enterococci prevalence in our results was not high, it
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represented only 2.1% of all isolates. Among gram-
negative bacteria, in 2021 64.7% were MDR, and in 2022
it increased to 82%. Overall MDR prevalence was 74% of
gram-negative in the two years. 12.9% of our patients had
XDR and this value is higher than Vahedian-Ardakani et
al. [14] result, who found 10% XDR. The high prevalence
of MRS strains and the high quinolone resistance rate
among gram-negative rods indicate quinolone-induced
collateral damage. Quinolones and cephalosporins are
implicated to cause collateral damage, which is increased
susceptibility to opportunistic infections, and emergence
of MDR in non-targeted bacteria. The type of collateral
damage depends on the type of antibiotic used. In the case
of cephalosporins; it can lead to VRE, ESBL-Klebsiella
Pneumonia, Beta-lactam resistance Acinetobacter, and C-
difficile infections. While quinolone overuse has been
associated with quinolone resistance among gram-
negative bacilli and, increases the incidence of MRSA
infections [28]. This is in line with our results because
sustained use of quinolones among cancer patients. Many
guidelines as IDSA, NCCN, and ASCO recommend
quinolones as prophylaxis for those cases who received
intermediate and high-intensity chemotherapy as they are
expected to experience severe and long-lasting
neutropenia [5,29]. Among gram positives, all MRS
strains were susceptible to vancomycin which makes it an
appropriate drug of choice for cases diagnosed with it.
VRE was an uncommon pathogen which makes it
unnecessary to cover it in empirical therapy. The
aforementioned two points indicate that; vancomycin
remained with a high susceptibility rate in Hiwa Hospital.
Regarding it is role as a component in empirical therapy;
glycopeptides are only recommended in high-suspicion
gram-positive infection and in institutions with high
MRSA prevalence [30] however many guidelines
provided wide ranges of recommendations for their
indications, but they had poor clinical outcomes [31].
colistin showed no resistance in our data.

Conclusions

Our findings demonstrated a high prevalence of
antimicrobial resistance among febrile neutropenic
patients at Hiwa Cancer Teaching Hospital, which was
mostly caused by quinolone-induced collateral damage. It
is crucial that the empirical antibiotics employed at Hiwa
Cancer Teaching Hospital efficiently treat multidrug-
resistant Gram-negative bacteria. Given the high
prevalence of cephalosporin resistance, we must employ
carbapenems such as meropenem or imipenem as
empirical therapy for severe neutropenic patients.
Furthermore, the hospital must develop and update an
antibiogram on a regular basis, as the rate of resistance to
most antibiotics has increased dramatically.

ACKNOWLEDGMENTS

The author extends sincere gratitude to Professor
Mohammed Omer Mohammed for his invaluable

54

Antimicrobial resistance in cancer patients

contributions and meticulous review of this manuscript.
His expertise significantly enhanced the quality and
accuracy of this work. Additionally, heartfelt appreciation
is extended to Hiwa Cancer Teaching Hospital for their
collaboration in providing access to their data.

Conflict of interests
No conflict of interests was declared by the authors.

Funding source
The authors did not receive any source of fund.

Data sharing statement

Supplementary data can be shared with the corresponding
author upon reasonable request.

REFERENCES

1. Gudiol C, Carratala J. Antibiotic resistance in cancer patients. Expert
Rev  Anti Infect  Ther.  2014;12(8):1003-1016.  doi:
10.1586/14787210.2014.920253.

2. Danielsen AS, Franconeri L, Page S, Myhre AE, Tornes RA,
Kacelnik O, et al. Clinical outcomes of antimicrobial resistance in
cancer patients: a systematic review of multivariable models. BMC
Infect Dis. 2023;23(1):247. doi: 10.1186/s12879-023-08182-3.

3. Cameron D. Management of chemotherapy-associated febrile
neutropenia. Br J Cancer. 2009;101 Suppl 1(Suppl 1):S18-22. doi:
10.1038/sj.bjc.6605272.

4. Raheja R, Reddy N, Patel T, Kilambi S, Mathew AA, Majeed A.
Classification of chemotherapy-induced febrile neutropenic
episodes into one of the three febrile neutropenic syndromes.
Cureus. 2023;15(8):e42843. doi: 10.7759/cureus.42843.

5. TaplitzRA, Kennedy EB, Bow EJ, Crews J, Gleason C, Hawley DK,
et al. Outpatient management of fever and neutropenia in adults
treated for malignancy: American Society of Clinical Oncology and
Infectious Diseases Society of America Clinical Practice Guideline
Update. J Clin  Oncol. 2018;36(14):1443-1453.  doi:
10.1200/JC0.2017.77.6211.

6. Joudeh N, Sawafta E, Abu Taha A, Hamed Allah M, Amer R, Odeh
RY, et al. Epidemiology and source of infection in cancer patients
with febrile neutropenia: an experience from a developing country.
BMC Infect Dis. 2023;23(1):106. doi: 10.1186/s12879-023-08058-
6.

7. AlvesJ, Abreu B, Palma P, Alp E, Vieceli T, Rello J. Antimicrobial
stewardship on patients with neutropenia: A narrative review
commissioned by microorganisms. Microorganisms.
2023;11(5):1127. doi: 10.3390/microorganisms11051127.

8. Rattu MA. Prevention and treatment of chemotherapy-induced
febrile neutropenia in adults. US Pharm. 2023;48(6):25-30.

9. Mettler J, Simcock M, Sendi P, Widmer AF, Bingisser R, Battegay
M, et al. Empirical use of antibiotics and adjustment of empirical
antibiotic therapies in a university hospital: a prospective
observational study. BMC Infect Dis. 2007;7:21. doi: 10.1186/1471-
2334-7-21.

10. Alali M, David MZ, Danziger-lsakov LA, Elmuti L, Bhagat PH,
Bartlett AH. Pediatric febrile neutropenia: Change in etiology of
bacteremia, empiric choice of therapy and clinical outcomes. J
Pediatr Hematol Oncol. 2020;42(6):e445-e451. doi:
10.1097/MPH.0000000000001814.

11. Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen
CA, et al. Clinical practice guideline for the use of antimicrobial
agents in neutropenic patients with cancer: 2010 update by the
infectious diseases society of america. Clin Infect Dis.
2011;52(4):e56-93. doi: 10.1093/cid/cir073.

12. Berild D, Mohseni A, Diep LM, Jensenius M, Ringertz SH.
Adjustment of antibiotic treatment according to the results of blood
cultures leads to decreased antibiotic use and costs. J Antimicrob
Chemother. 2006;57(2):326-330. doi: 10.1093/jac/dki463.



Ameen et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Drew RH. Prevention and treatment of infections in neutropenic
cancer patients. In: Zeind CS, Carvalho MG, (Eds.), Applied
Therapeutics: The Clinical Use of Drugs, (11th Ed.), Philadelphia:
Wolters Kluwer Health; 2018. p. 1553-1570.

Vahedian-Ardakani HA, Moghimi M, Shayestehpour M, Doosti M,
Amid N. Bacterial spectrum and antimicrobial resistance pattern in
cancer patients with febrile neutropenia. Asian Pac J Cancer Prev.
2019;20(5):1471-1474. doi: 10.31557/APJCP.2019.20.5.1471.

Paul M, Bhatia M, Rekha US, Diksha L, Omar BJ, Gupta P.
Microbiological profile of blood stream infections in febrile
neutropenic patients at a tertiary care teaching hospital in Rishikesh,
Uttarakhand. J Lab Physicians. 2020;12(2):147-153. doi: 10.1055/s-
0040-1716661.

Gustinetti G, Mikulska M. Bloodstream infections in neutropenic
cancer patients: A practical update. Virulence. 2016;7(3):280-297.
doi: 10.1080/21505594.2016.1156821.

Klastersky J, de Naurois J, Rolston K, Rapoport B, Maschmeyer G,
Aapro M, et al. Management of febrile neutropaenia; ESMO Clinical
Practice Guidelines. Ann Oncol. 2016;27(Suppl 5):v111-v118. doi:
10.1093/annonc/mdw325.

Makhani SS, Abro C, Ketineni S, Zhu X, Prakash V, Agarwal I, et
al. Inpatient burden and clinical outcomes of febrile neutropenia in
cancer patients: a national inpatient sample database analysis. Blood.
2022;140(Suppl 1):5154-5155. doi: 10.1182/blood-2022-165527.
Ali J, Kumari R, Siddiqui AA, Nasir M, Sabir S, Hasan S, et al.
Febrile neutropenia in patients receiving chemotherapy; an
observational study highlighting its association with hematological
parameters on gender basis. Cancer Sci Res. 2018;5(1):1-5. doi:
10.15226/csroa.2018.00140.

Poveda CS, Caamafio CC, Coloma EC, Rodriguez AP, Ramirez NC.
Prevalence of germs with multi antibiotic resistance in bacteremia
associated with febrile neutropenia in hospitalized cancer patients.
A single-center study. Oncologia (Ecuador). 2022;32(2):157-168.
doi: 10.33821/631.

Trecarichi EM, Tumbarello M. Antimicrobial-resistant Gram-
negative bacteria in febrile neutropenic patients with cancer: current
epidemiology and clinical impact. Curr Opin Infect Dis.
2014;27(2):200-210. doi: 10.1097/QC0.0000000000000038.
Parodi RL, Lagrutta M, Tortolo M, Navall E, Rodriguez MS, Sasia
GF, et al. A multicenter prospective study of 515 febrile neutropenia
episodes in Argentina during a 5-year period. PLoS One.
2019;14(10):e0224299. doi: 10.1371/journal.pone.0224299.

55

23.

24,

25.

26.

27.

28.

29.

30.

3L

Antimicrobial resistance in cancer patients

Mahar U, Anwar N, Fatima N, Hassan J, Shamsi T. Emerging
antimicrobial resistance in febrile neutropenia: Is it high time to
evaluate quality control measures? Pak J Med Sci. 2020;36(6):1246-
1251. doi: 10.12669/pjms.36.6.2138.

Safari LC, Mloka D, Minzi O, Dharsee NJ, Reuben R. Prevalence of
blood stream infections and associated factors among febrile
neutropenic cancer patients on chemotherapy at Ocean Road Cancer
Institute, Tanzania. Infect Agent Cancer. 2023;18(1):52. doi:
10.1186/513027-023-00533-8.

Lubwama M, Phipps W, Najjuka CF, Kajumbula H, Ddungu H,
Kambugu JB, et al. Bacteremia in febrile cancer patients in Uganda.
BMC Res Notes. 2019;12(1):464. doi: 10.1186/s13104-019-4520-9.
Morris PG, Hassan T, McNamara M, Hassan A, Wiig R, Grogan L,
et al. Emergence of MRSA in positive blood cultures from patients
with febrile neutropenia--a cause for concern. Support Care Cancer.
2008;16(9):1085-1088. doi: 10.1007/s00520-007-0398-5.

Bhat S, Muthunatarajan S, Mulki SS, Archana Bhat K, Kotian KH.
Bacterial infection among cancer patients: Analysis of isolates and
antibiotic sensitivity pattern. Int J Microbiol. 2021;2021:8883700.
doi: 10.1155/2021/8883700.

Paterson DL. "Collateral damage" from cephalosporin or quinolone
antibiotic therapy. Clin Infect Dis. 2004;38(Suppl 4):S341-345. doi:
10.1086/382690.

Baden LR, Bensinger W, Angarone M, Casper C, Dubberke ER,
Freifeld AG, et al. Prevention and treatment of cancer-related
infections. J Natl Compr Canc Netw. 2012;10(11):1412-1445. doi:
10.6004/jnccn.2012.0146.

Bate J, Gibson F, Johnson E, Selwood K, Skinner R, Chisholm J.
Neutropenic sepsis: prevention and management of neutropenic
sepsis in cancer patients (NICE Clinical Guideline CG151). Arch
Dis Child Educ Pract Ed. 2013;98(2):73-75. doi:
10.1136/archdischild-2013-303634.

Duco MR, Przybylski DJ, Cosimi RA, Reeves DJ. Retrospective
analysis of vancomycin use in febrile neutropenic patients. Infect Dis
Clin Pract. 2020;28(4):204-208. doi:
10.1097/IPC.0000000000000845.



