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Abstract

Background: Chemotherapy-induced neutropenia is one of the risk factors for infection in patients undergoing chemotherapy (due to the
weakened immune system). Febrile neutropenia (FN) may be the sole indicator of an underlying infection in these patients.

Objectives: Since infection is associated with an increased risk of mortality in patients undergoing chemotherapy, the present study aimed
to assess the incidence of FN in neutropenic cancer patients admitted to an oncology ward.

Methods: This retrospective, descriptive, and cross-sectional study was conducted on 52 patients (selected using the census method) with
signs of infection (i.e., FN) hospitalized in Ghazi Tabatabai Hospital in Tabriz, Iran, within 2018 -2020. The data were collected by a researcher-
made form and analyzed using descriptive statistics (e.g., frequency, percentage, and mean) and chi-square in SPSS software (version 20).
The significance level was considered less than 0.05.

Results: The absolute neutrophil count was less than 500 cells/ml in 15.38% of the patients (n = 8). Infection was the cause of FN in 69.23% of
the subjects (n=36). An unknown factor was the cause of infection in 30.77% of the cases. The incidence of all types of infections (i.e., perianal
abscess, sepsis, oral infection, cutaneous infection, gastrointestinal infection, pharyngitis, pneumonia, and urinary tract infection) was
higher in patients undergoing chemotherapy than that reported for those not receiving chemotherapy.

Conclusions: The results of this study suggested that cancer patients undergoing chemotherapy should beaware of infection signs; accordingly,
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they can visit treatment centers in case of the first symptoms of infection to prevent progression of infection and reduce mortality rates.

1. Background

Infection is one of the leading causes of death in neu-
tropenic patients. The statistics have shown an increased
risk of mortality in patients with severe neutropenia by
40% if not efficiently treated. However, timely treatment
reduces both complications and mortality rates (1, 2). Fe-
brile neutropenia (FN) is one of the most common com-
plications and important causes of hospitalization in
patients with immunodeficiency and those receiving im-
munosuppressive therapy. Studies have shown the inci-
dence of FN in 10% - 50% of patients with solid tumors and
80% of patients with leukemia. The FN is associated with a
7-12-day duration of therapy,1,5008 cost of treatment, and
increased mortality rate (3).

Malignancies and connective tissue diseases might also
cause fever, although fever is the sole indicator of infec-

tion, especially in neutropenic patients. The FN is defined
as a single axillary temperature equal to or greater than
38.5°C for more than 1 h or three measurements of axil-
lary temperature equal to or greater than 38°C for 24 h.
A fever of unknown origin (FUO) in neutropenic patients
is defined as a temperature greater than 38.3°C for more
than 3 weeks with an unknown cause even after three-day
hospitalization or three outpatient visits (4).

Peripheral blood absolute neutrophil counts (ANC)
in different societies and black people residing in the
Middle East were 5.2 x 109/L and 5.1 x 109/L, respectively.
Neutropenia is defined as the ANC of 500 cells/mL or less
than 1,000 cells/mL with an anticipated decline to less
than 500 cells/mL. Patients with an ANC of less than 5.0 x
109/L or 500 cells/uL might be susceptible to recurrent in-
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fections. The risk of infections might be higher in case of
ANC of less than 2.0 x109/L. The risk of acquired infection
progressively increases with half-life and low numbers of
circulating neutrophils (5).

Although the physical signs and symptoms of infection
are no longer decipherable in patients with a weakened
immune system (neutropenia), vital signs (especially
body temperature) still play a crucial role in the diagno-
sis of infection. Researchers claimed that a blood culture
is the most widely diagnostic tool for the assessment of
fever in microbiology (6). A blood culture specifies the
causes of fever in 10% - 40% of the cases. Since neutropenic
patients are abnormally susceptible to bacterial infec-
tion, antibiotics should be administered in case of sus-
pected infection to combat the pathogen.

Therefore, early treatment regimens are used to fight
the pathogens that are the most possible causes of bacte-
rialinfection in these patients (7). This issue triggered sev-
eral studies for the determination of the causes of fever
in these patients to identify the common sites and causes
of infection in neutropenic patients to adopt preventive
and prophylactic measures for the timely treatment of
infection as well as reduction of risk factors, complica-
tions, and mortality rates in these patients. Therefore,
the present study aimed to assess the incidence of FN in
neutropenic patients with breast cancer admitted to the
Oncology Ward of Shahid Ghazi Tabatabai Hospital in Ta-
briz, Iran, within 2018-2020.

2. Objectives

Since the epidemiology of diseases allows making prac-
tical clinical decisions, the epidemiological model varies
in different regions, and no study has addressed this is-
sue in the aforementioned region.

3. Methods

3.1. Study Design

This retrospective, descriptive, and cross-sectional
study was conducted on 52 neutropenic patients who
developed FN admitted to Shahid Ghazi Tabatabai Hos-
pital (affiliated to Tabriz University of Medical Sciences)
from early 2018 to late 2020. The inclusion criteria were
the development of FN (ANC < 0.5 x 109/L or ANC < 500
cells/uL). The exclusion criteria were incomplete medical
records and a history of infectious diseases in the past 3
months. The census method was used for the selection
of the samples, and all the patients were included in the
study in this period.

In this study, the records of all hospitalized patients
with FN were examined to extract the necessary infor-
mation, including age, gender, type of malignant dis-
ease (i.e., hematological or non-hematological), histo-
ry of chemotherapy, history of splenectomy, presence

of a central venous catheter, site of infection based on
physical examination (e.g., oral lesions, cutaneous le-
sions, gastrointestinal infections, urinary tract infec-
tions, and pneumonia), positive cultures (i.e., urinary,
blood, and esophageal), type of isolated microorgan-
ism (i.e., fungus, Gram-negative bacteria, and Gram-
positive bacteria), and ANC. The data were recorded in
a checklist. Culture results were not included in some
medical records, which were excluded from the study.
The limitations of the study consisted of the techni-
cal issues, such as culture medium and impossibility
of determination of other possible causes of infection
(e.g., anaerobes and viruses). The data were collected
through field notes and a checklist (i.e., an instrument
designed by the researcher with respect to objectives
of the study, with approved content validity).

3.2. Ethical Considerations

Theresearchertried torespectall ethical considerations.
The project was authorized by the Ethics Committee of
Tabriz University of Medical Sciences (code: IR TBZMED.
REC.1397.598). Data confidentiality was respected in this
study, and the collected data were not misused. Necessary
arrangements were made with the authorities of Shahid
Ghazi Tabatabai Hospital.

3.3. Data Analysis

The data were analyzed using SPSS software (version 20)
following data collection and coding. Descriptive (i.e.,
frequency, percentage, mean, and range) and inferential
statistics (i.e., chi-square) were used to analyze the data.
The significance level was considered less than 0.05.

4. Results

In this study, 21 patients (40.38%) were male, and the
rest were female. The mean age of the participants was
51.83 £ 17.06 years. The mean age values of male and
female patients were 63.36 * 15.86 and 44.24 * 13.26
years, respectively. Most of the subjects were within
the age ranges of 51- 60 (n =14; 26.92%) and 41-50 (n =
12; 23.07%). Hematologic malignancies (e.g., acute lym-
phoblastic leukemia, acute myeloid leukemia, chronic
lymphocytic leukemia, and chronic myeloid leukemia)
accounted for 61.53% of the patients (n = 32). Further-
more, non-hematologic malignancies (e.g., gastric, co-
lon, lung, breast, ovarian, esophageal, pancreatic, and
rectal cancers in addition to lymphoma and multiple
myeloma) accounted for 38.47% of the patients (n =20).

In this study, 17 women (54.38%) and 15 men (71.42%)
developed hematological malignancies. Additionally,
6 women (28.57%) and 11 men (35.48%) developed non-
hematological malignancies. The mean age values of
the patients with hematologic and non-hematologic
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malignancies were 35.5 £13.6 and 45.5 £ 11.26 years, re-
spectively. In the present study, 78.84% of the patients
(n = 41) had a history of chemotherapy, and 21.15% of
the patients (n = 11) underwent chemotherapy for the
first time. In addition, 9 cases (17.30%) had a history of
splenectomy. Only 2 participants (2.84%) had a central

venous catheter. The ANC was less than 500 cells/mL in
15.38% of the subjects (n = 8).

Paraclinical findings and physical examinations re-
vealed that infection was the cause of fever in 69.23% of
the cases (n = 36); however, FUO was the cause of fever in
30.77% of the patients (Figure 1).
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Figure 1. Prevalence of infection in studied patients

All types of infections (i.e., perianal abscess, sepsis,
oral infection, cutaneous infection, gastrointestinal
infection, pharyngitis, pneumonia, and urinary tract
infection) were more prevalent in the group with a
history of chemotherapy than those reported for the
group undergoing chemotherapy for the first time or
with no history of chemotherapy; in this regard, the
difference was statistically significant. Negative cul-

ture results were observed in 15 patients (28.84%) and
positive culture results in the rest (Figure 2). Culture
results showed that Escherichia coli (n = 11; 29.72%),
Streptococcus (n =9; 24.32%), Staphylococcus aureus (n
= 7;18.91%), Klebsiella (n = 3; 18.91%), and Candida albi-
cans (n = 3; 08.10%) were the most frequent causes of
infection.
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Figure 2. Assessment of culture results in studied patients

Table 1 shows the causes of fever according to gen-
der, type of underlying disease, and history of chemo-
therapy in the studied patients. The urinary tract in-
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fections were more prevalent in women than those in
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Table 1. Distribution and Frequency of Febrile Neutropenia in Neutropenic Patients

Type of Infection Gender P-Value Type of Malignancy PValue Chemotherapy P-Value
Male, Female, Hematological, Non-Hematologi- Yes,No. No, No.
No. (%) No. (%) No. (%) cal, No. (%) (%) (%)s
Unknown 6(37.5) 10 0.054 12 (75) 4(25) 0.003 10 6 0.112
(62.50) (62.50) (37.50)
Perianal abscess 1(50) 1(50) 0.999 2(100) 0(0) 0.001 2(100) 0(0) 0.001
Oral infection 1(3333) 2(66.66) 0.032 2(66.66) 1(33.33) 0.018 3 0 0.001
(30.76)  (30.76)
Sepsis 3(3333) 6(66.66) 0.999 7(77.78) 2(22.22) 0.039 7 2 0.039
(77.78)  (22.22)
Skin infection 2(40) 3(60) 0.0198 4(80) 1(20) 0.008 5(100) 0(0) 0.001
Gastrointestinal ~ 1(50) 1(50) 0.999 1(50) 1(50) 0.999  1(50) 1(50)  0.999
infection
Pharyngitis 1(3333) 2(66.66) 0.042 2(66.66) 1(33.33) 0.114 3 3 0.001
(30.76)  (30.76)
Pneumonia 1(3333) 2(66.66) 0.039 3(100) 0(30.76) 0.001  3(100) 3 0.001
(30.76)
Urinary tract 1(25) 3(75) 0.015 3(75) 1(75) 0.014 3(75) 3(75) 0.014
infection
5. Discussion

The current study aimed to assess the incidence of FN in
neutropenic patients with breast cancer admitted to the
Oncology Ward of Shahid Ghazi Tabatabai Hospital in Tabriz
within 2018 - 2020. Infections and coagulations are current-
ly the most common problems of cancer patients during
treatment. The use of cytotoxic and immunosuppressive
drugs reduces the number of white blood cells, mainly neu-
trophils, and makes the patients vulnerable to infections
caused by infectious and opportunistic organisms. The mi-
croorganisms responsible for infection could be identified
in one-third of FN cases (8).

Although physicians have always tried to reduce symp-
toms and complications since the onset of the first symp-
toms or even before the onset of symptoms, most patients
develop severe infection despite receiving potent and ef-
ficacious antibiotics (9). The risk of infection increases in
patients with leukemia due to chemotherapy drugs (dra-
matically declining the number of neutrophils), vascular
catheters, and inefficient use of antibiotics. Infections are
still the most important causes of death, although the
timely injection of coagulators and blood components has
largely prevented bleeding and infection (10). Infections,
injections of blood components, and chemotherapy drugs
are the most important causes of fever in oncology patients.

The site of infection was detected in only one-third of the
patients with FN in the initial assessment of recent studies.
The cause of infection was detected in 69.23% of the patients
with FN in a recent study. The most common cause of infec-
tion was sepsis in the aforementioned study with regard to
gender, history of chemotherapy, and type of malignancy
(11).

Hatamabadi et al. (12) examined 95 patients with FN over

adecade. In the aforementioned study, 44.2% and 60% of the
cases were observed to develop an infection in microbio-
logical assessment and clinical examination, respectively.
The most common causes of infection in these patients
were pulmonary (17.9%) and urinary tract (10.5%) infections
(12). However, positive culture results were reported in 71%
of patients, and the most common causes of infection were
sepsis and then cutaneous infection in the present study.
Although urinary tract and lung infections were more
prevalent, the prevalence of these infections varied in both
of these studies. The aforementioned results are not con-
sistent with the results of the current study. Lung infection
was the most prevalent infection in the study by Hatamaba-
di et al. (12); however, urinary tract infection was the most
prevalent infection in the present study. These confounding
results might be due to the type of underlying disease, treat-
ment regimens, and environmental factors (12).

Positive culture results were observed in 71% of the pa-
tients in this study. The pathogens responsible for infec-
tion were fungi (13.50%), Gram-negative bacteria (48%), and
Gram-positive bacteria (37%). The bacteria causing infection
in this study were E. coli (n = 11; 29.72%), Streptococcus (n =
9;24.32%), Staphylococcus aureus (n =7;18.91%), Klebsiella (n
=7;18.91), and Candida albicans (n = 3; 10.08%). Nomura et
al. (13) detected FN in 45 patients (52.9%) among 85 patients
undergoing chemotherapy and hospitalized due to fever
In Japan. Michels et al. (14) demonstrated that the causes of
fever in 29 neutropenic patients admitted to the Oncology
Ward of the University of Pennsylvania Medical Center in
the United States were bacterial infection (17%), viral infec-
tion (21%), fungal infection (21%; Aspergillus [n = 4] and Can-
dida [n =2]),and unknown causes (41%) in the United States.
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The causes of infection were mostly bacteria, and viruses
were not detected in this study at all. This might be due to
limited diagnostic methods, environmental factors, type of
underlying diseases, and dose, duration, and type of drugs.
Rasoul Hassan et al. examined 117 patients admitted to the
Oncology Ward of General Hospital in Penang, Malaysia,
and reported 83 cases with FN (70.9%). Culture specimens
were prepared for only 34 patients (29.1%) out of whom only
14 patients (41.2%) had positive culture results. Out of these
14 cases, 9 cases (64.2%) were positive for Gram-negative bac-
teria (i.e., the most important bacteria reported as E. coli in
5 cases), and 5 cases (35.7%) were positive for Gram-positive
bacteria (8). These results are not consistent with the results
of the present study since Gram-positive bacteria were the
most common causes of infection in this study. However,
the most prevalent Gram-negative bacterium was E. coli,
which is consistent with the results of this study.
Ahmadinejad (15) examined 95 patients with FN 40% of
whom developed fever due to FUO. Positive blood (13.7%),
urinary (13.7%), and esophageal (7.4%) culture results were
observed in the aforementioned study. Fungi were regard-
ed as the cause of infection in 6.3% of patients (Candida as
the most prevalent fungi in the cultures). Among Gram-
negative bacteria, E. coli (78.6%), Klebsiella (10.7%), and Pseu-
domonas (3.6%) were isolated from the cultures. Among
Gram-positive bacteria, Staphylococci (42.9%) and Strep-
tococci (42.9%) were isolated from the cultures (15). These
results are consistent with the results of the present study
since Staphylococci and Streptococci among Gram-positive
bacteria, and E. coli among Gram-negative bacteria were the
most prevalent causes of infection in both studies.
Gram-negative bacteria were the most prevalent patho-
gens up to the 1980s. Later, Gram-positive organisms were
reported to be more prevalent than Gram-negative bacteria.
Gram-positive organisms accounted for 62% - 76% of blood
infections in the United States; nevertheless, the prevalence
of Gram-negative organisms was estimated within the
range of 14% - 22% during 1995 - 2000 (16). Gram-negative
bacteria were more prevalent than Gram-positive bacteria
in this study; nonetheless, it is not noticeable in compari-
son to those of studies carried out in other countries. This
might be due to the specific characteristics of patients, en-
vironmental factors, technical and diagnostic limitations,
and failure to receive prophylactic treatment in this study.
However, Gram-negative bacteria were more prevalent than
Gram-positive bacteria in the only study conducted in Iran

(17).

5.1. Limitations

The examination of only 1 center, no assessment of the
effects of drug regimen, and risk factors for infections
were the limitations of this study in addition to the limi-
tations previously mentioned in the discussion section.

5.2. Recommendations

It is recommended to transcend the limitations of this
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study, select a larger sample size, and examine more than
1center in future studies.

5.3. Conclusions

The results of this study suggested that cancer patients
undergoing chemotherapy should be aware of infec-
tion signs; accordingly, they can visit treatment centers
in case of the first symptoms of infection to prevent the
progression of infection and reduce mortality rates. Neu-
trophil levels and risk factors should also be determined
in patients with malignant diseases undergoing chemo-
therapy to take effective measures for the prevention of
infection.

5.4. Study Highlights

What is current knowledge?

1) Neutropenia is the most common cause of infection
in patients receiving chemotherapy drugs.

2) The most important symptom of infection is fever.

What is new here?

Infection is a major cause of fever and neutropenia in
cancer patients with a history of chemotherapy.
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