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ABSTRACT
OBJECTIVE: This study aims to compare the frequency of respiratory viruses using real-time and multiplex polymerase chain 
reaction technology and nasopharyngeal swabs taken during exacerbation of patients aged 0–18 years followed for febrile 
neutropenia (FN) with non-FN children.

METHODS: This prospective study included a total of 40 patients with FN and malignancies followed at Eskisehir Osmangazi 
University, Department of Pediatric Hematology and Oncology. The control group (n=76) consisted of age-matched patients 
with upper respiratory tract infections (URTIs) or lower respiratory tract infections (LRTIs) who were admitted to the emer-
gency service due to fever.

RESULTS: Viral agents were detected in 16 of 53 FN attacks (30.1%). The most commonly isolated viruses were coronavi-
rus (23.7%, n=9), influenza B (18.4%, n=7), and adenovirus (18.4%, n=7). Of 76 children diagnosed with URTI with fever 
(52.6%) had viral agents, and only 28 of them had a single agent. The most commonly isolated virus was adenovirus (28.6%, 
n=14). Viral factors were found in 32 of 42 patients (76.1%) patients diagnosed with LRTI, while respiratory syncytial virus 
was the most common virus in 27 patients (21.7%, n=5).

CONCLUSION: Our study results show that viral agents play an important role in the etiology of FN. This is the first study 
to show that viral agents play an important role in the etiology of this disease and viral factors in non-neutropenic febrile 
children at the same time period by detecting respiratory viruses in 30% of FN cases. More similar studies provide antiviral 
therapy in selected patients, as well as these studies lead to reduce the use of antimicrobial agents or allow more selective 
use of antibiotics and/or the earlier discontinuation of these antibiotics in febrile neutropenic children who have been shown 
to have viral cause of respiratory tract infection based on clinical and microbiological/molecular diagnostic criteria.
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Febrile neutropenia (FN) is one of the life-threatening 
complications of intensive chemotherapy protocols. 

The mortality rate is about 2–10% despite early diagno-
sis and improvement in treatment [1, 2]. In 60–70% of 
FN cases, the causative microorganism cannot be shown 
even in the best laboratory conditions [3]. The use of 
empirical antibiotics for neutropenic fever is a necessity 
due to the high risk of mortality; however, this also leads 
to the overuse of broad-spectrum antibiotics, which in-
creases not just the likelihood of undesirable effects in 
patients but also the cost [4].

Neutropenic patients are more susceptible to both 
bacterial infections and viral infections. However, there 
is not enough literature data on the frequency of viral in-
fection in FN patients, and most centers do not routine-
ly investigate viral infections. Previous studies related to 
the FN in children have detected only 11–25% of respi-
ratory viruses with classical viral tests [5, 6]. The devel-
opment of multiplex polymerase chain reaction (PCR) 
and more sensitive nucleic acid-based viral diagnostic 
tests have facilitated the identification of viruses.

In this study, we present the results of a one-year pro-
spective study to determine the frequency of respiratory 
viruses using a nucleic acid amplification test in children 
followed up with FN and to compare the results of non-
FN children concurrently.

MATERIALS AND METHODS

This prospective study included a total of 40 FN patients 
with hematological malignancies who were followed at 
Eskişehir Osmangazi University, Faculty of Medicine, 
Department of Pediatric Hematology and Oncology. The 
control group (n=76) consisted of only age-matched pa-
tients with upper respiratory tract infections (URTIs) or 
lower respiratory tract infections (LRTIs) who were ad-
mitted to the emergency service due to fever without any 
chronic disease and neutropenia. The patients with an 
absolute neutrophil count (ANC) of below 500/mm³ or 
those with an ANC between 500 and 1500/mm³ in whom 
these values were expected to fall below 500/mm³ within 
24–48 h were considered as neutropenic. FN was defined 
as the presence of fever once >38°C or >37.5°C for at least 
one hour in the armpits of neutropenic patients [7].

Medical history of each patient and age, sex, diagnosis 
of primary disease, duration of monitoring, number of 
neutropenic fever episodes, relapse of disease, duration 
of fever, prophylactic antibiotic regimen, empirical anti-
biotic therapy, and complaints suggesting a viral infection 

(i.e., cough, nasal discharge, respiratory distress, ocular 
discharge, and rash) were recorded using the patient files. 
Age, sex, presence of complaints accompanying the fever, 
physical examination findings, laboratory tests, and fever 
of children admitted to the emergency service with fever 
were also noted. Patients with a comorbid chronic dis-
ease, neutropenia, or those without an informed consent 
were excluded from the study.

Virologic Methods
Nasopharyngeal swab specimens were taken from all pa-
tients. After entering through both nostrils to the naso-
pharyngeal region with the swab, specimens were taken 
by rotating the rods 360° [8]. The swabs were then closed 
in capped containers containing transport medium (Vi-
ral Transport Medium) and samples were stored at +4°C 
and delivered to the Department of Medical Microbiology, 
Molecular laboratories within 24–48 h in accordance with 
the latest cold chain rules. Complete nucleic acid extraction 
from nasopharyngeal swab specimens was first performed 
in the relevant laboratory on an automatic extraction device 
(EasyMAG, Biomeriux, France). The FTD Respiratory 
Pathogens 33 kit (Fast-track diagnostics Ltd., Luxemburg), 
working with real-time and multiplex PCR, was applied in 
accordance with the manufacturer’s instructions to detect 
respiratory tract pathogens on the RotorGene Q platform 
(Qiagen, Germany). This kit has the ability to distinguish 
33 respiratory tract pathogens which are influenza (H3N2 
and H1N1), B and C viruses, parainfluenza viruses 1, 2, 3 
and 4, NL63, 229E, OC43, and HKU1 types of coronavi-
ruses, human metapneumovirus B, rhinovirus, respiratory 
syncytial virus (RSV) and B, adenovirus, enterovirus, pare-
chovirus, bocavirus species in a single pass.

The study protocol was approved by the institution-
al Eskisehir Osmangazi University Faculty of Medicine, 
Clinical Research Ethics Committee (805587721/11). 
The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

Highlight key points

• Neutropenic patients are more susceptible not only to bacte-
rial infections but also to viral infections.

• The most common microorganisms isolated in neutropenic 
fever are bacteria, but viral infections should also be consid-
ered in the etiology of neutropenic fever.

• Viral agents play a role in 1/3 of febrile neutropenia etiology.

• It is coronavirus along with enterovirus and rhinovirus, 
which are the most commonly isolated viral agents.
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Statistical Analysis
Statistical analysis was performed using the SPSS ver-
sion 18 for Windows software (SPSS Inc., Chicago, IL, 
USA). Descriptive statistics were expressed in mean ± 
standard deviation, and range (min-max) for normally 
distributed intermittent and continuous numerical vari-
ables and in median (25–75%) for abnormally distrib-
uted variables. One-way analysis of variance was used to 
compare mean values. The Mann Whitney U test was 
used to compare the differences between the groups. The 
Chi-square (χ2) test was used to analyze categorical vari-
ables. P=0.05 was considered statistically significant.

RESULTS

A total of 53 FN episodes involving forty patients (24 
females and 16 males) who were followed for malignancy 
were included in the study. The median age of the pa-

tients was six years (range: 3–10 years). According to 
the disease distribution, 26 of them (65%) had acute 
lymphoblastic leukemia (two of them in relapse), seven 
(17.5%) had acute myeloblastic leukemia, five (12.5%) 
had solid tumors (one patient with NHL, three patients 
with Wilms, one patient with Ewing’s sarcoma), and two 
(5%) had aplastic anemia.

The use of the catheter was 50%. The median val-
ue for duration of neutropenia was 6 days (range: 5–9 
days), while the median value for duration of fever was 
four days (range: 3–5 days). A total of 28.3% of the pa-
tients had respiratory symptoms (Table 1). Prophylactic 
antibiotic therapy was initiated in all patients diagnosed 
with FN. Combined antibiotic therapy and monothera-
py were applied in 92% and 8% of cases, respectively.

During the study period, 76 of the patients (38 fe-
males and 38 males) with URTIs and 42 patients with 
LRTIs (15 females and 27 males) who were admitted 
to the emergency service were included as the control 
group. The median age of patients with URTIs was 6 
years (range: 4–10 years) and the median age of the 
patients with LRTIs was four years (range: 3–6 years). 
There was no significant difference in the age and sex of 
the patients between the groups.

Of 53 FN episodes, viral factors were shown in 16 
cases (30.1%): 11 patients had a viral agent (two patients 
with influenza A, three patients with influenza B, one 
patient with parainfluenza type 3, one patient with coro-
navirus NL63, three patient with adenovirus), and four 
of them with concurrent two viral agents (one patient 
with coronavirus 229E and adenovirus, one patient with 
rhinovirus and adenovirus, one patient with coronavirus 
229E and coronavirus NL63, one patient with coronavi-
rus OC43 and adenovirus), and one of them with con-
current three viral agents (rhinovirus, influenza B, and 

Characteristics n/%

Age (year), median 6 
Gender (male), % 40 
Diagnosis, % 
 Acute lymphoblastic leukemia 65 
 Acute myeloblastic leukemia 17.5 
 Solid tumors 12.5 
 Aplastic anemia 5 
Presence of catheter, % (n) 50 
Duration of fever (day), median 4 
Duration of neutropenia (day), median 6 
Presence of respiratory symptoms, % 28.3

Table 1. Characteristics of episodes of febrile neutropenia

Diagnose Number of patients Episodes of FN’s Single respiratory viral infection Multiple respiratory viral infection 
 (n) (n) (% of FN episodes, n) (% of FN episodes, n)

ALL 26 32 25 (8) 9.4 (3)
AML 7 7 14.3 (1) 14.3 (1)
Solid tumors 5 9 11.1 (1) 11.1 (1)
Aplastic anemia 2 5 20 (1) 0

ALL: Acute lymphoblastic leukemia; AML: Acute myeloblastic leukemia; FN: Febrile neutropenia.

Table 2. Underlying etiology of neutropenia for patients, FN episodes, and viruses detected
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adenovirus). The most commonly isolated viruses were 
coronavirus (23.7%, n=9), influenza B (18.4%, n=7), and 
adenovirus (18.4%, n=7), respectively. A total of 9.4% of 
the patients had multiple viral infections (Table 2, 3). The 
most common respiratory symptom was cough (45.3%).

In addition, 40 of 76 children (52.6%) with an URTI 
and fever had viral agents and only 28 patients with a 
viral URTI had a single viral factor. The most common 
virus was adenovirus (28.6%, n=14) in patients with 
URTIs. However, of 42 patients with LRTI, 32 (76.1%) 
were detected to have viral agents and 27 of them were 
with a single agent. The most commonly isolated virus 
was RSV in five patients (21.7%) with a LRTI.

None of the FN patients needed to be followed in the 
intensive care unit and no mortality was seen in either 
group during the study.

DISCUSSION

This study documented the role of viral agents in one-third 
of FN etiology based on the detection of respiratory tract 
viruses in 30% of pediatric FN cases and reported the viral 
factors in non-FN children to determine the frequency of 
viral infection in society at the same time period.

Although the most frequently isolated factors in FN 
cases are bacteria, the risk of fungal infection increases 

as the duration of fever is prolonged. Viral infections are 
often overlooked in the etiology of neutropenic fever. 
Since the infection can be fatal in immunocompromised 
FN children, it is of utmost importance to define that 
the agent whether it is viral [9, 10], bacterial [11, 12], or 
fungal to tailor the treatment.

In the present study, viral agents were found in 30.1% 
of all neutropenic attacks. Previous studies reported var-
ious rates. In the studies of Lindblom et al. [5], Torres et 
al. [13], Suryadevara et al. [14], Hakim et al. [15], Cast-
agnola et al. [16], Lehrnbecher et al. [17] and Koskenvuo 
et al. [18], the rate of viral agents was reported as 46%, 
52%, 57%, 33%, 14%, 8%, and 59%, respectively. This can 
be, in part, attributed to the differences in the patient 
population and methods used in the aforementioned 
studies. In parallel with the advance in PCR technology, 
the frequency of detection of viruses has also increased.

The most frequently isolated viral agents have been 
reported as rhinovirus/enterovirus [5, 14, 18] and rhi-
novirus [19]. It was also shown that coronaviruses were 
relatively rare, accounting for <5% of isolated respirato-
ry viruses [13, 20]. In our study, the incidence of corona-
virus was 23.7%, unlike the literature data. In previous 
studies, viruses such as coronavirus and metapneumo-
virus were less emphasized, as the methods used for vi-
rus detection were not highly sensitive [21, 22]. As a 
more sensitive method, real-time PCR (RT-PCR) was 
used in our study which provided a higher frequency of 
coronavirus.

In addition, it is noteworthy that coronavirus is usual-
ly found in multiple virus breeding rather than as the sole 
determinant. Although human coronavirus is considered 
as a common cause of infectious diseases of the upper 
respiratory tract and LRTIs in immunocompromised 
patients, the effect on immunocompromised children is 
not fully known, and more studies are required.

Unlike other studies in the literature, the frequency of 
viral agents as a parallel group was investigated in patients 
with urgent fever and non-neutropenic URTI/LRTI to 
determine the types and frequency of respiratory viruses 
in the same seasonal period. In these groups, the rate of 
viral agents was higher than other factors. Strikingly, the 
rate was much higher (76.1%), particularly in patients 
with LRTI. When the diversity of viral agents was exam-
ined, we determined that the active viruses (adenovirus 
and RSV) were different and observed more frequently. 
It can be assumed that the reason for the viral factors be-
ing different is that they do not exhibit a direct parallel-

Characteristics

Number of patients (n) 40
Number of episodes of febrile neutropenia (n) 53
Positive viral tests among all episodes (%)  30.2
Single virus detected (%) 20.8
Multiple viruses detected (%) 9.4
Single respiratory viral infections 11
 Influenza (%) 36.3
 Adenovirus (%)  27.2
 Coronavirus (%) 18.1
 Respiratory syncytial virus (%)  9.1
Multiple respiratory viral infections (n) 5
 Adenovirus, coronavirus (%) 20
 Rhinovirus, adenovirus (%) 20
 Coronavirus 229 E, coronavirus NL63 (%) 20
 Coronavirus, adenovirus (%) 20
 Rhinovirus, influenza B and adenovirus (%) 20

Table 3. Demographic information and respiratory virus di-
agnostic results for children with febrile neutropenic episode
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ism with the community-based factors because the FN 
patients are followed up in isolated services, more sterile 
conditions, and different immunological systems.

Respiratory viral infection is a rare cause of mild ill-
ness in immunocompromised children whereas this in-
fection can be a common cause of mild illness. None of 
the patients with FN required intensive care during the 
study and none were lost. Complications are more com-
mon in younger patients and those with underlying pul-
monary disease.

It is well-established that reverse transcription PCR 
(RT-PCR) is more sensitive to virus detection than vi-
ral culture and antigen tests, as is the case with previ-
ous studies using nucleic acid-based methods. However, 
although viruses such as rhinovirus/enterovirus, RSV, 
and influenza have been detected, particularly in im-
munosuppressed patients, these viruses may not be the 
etiologic cause for FN. A positive PCR may result from 
subclinical infection, as well as this result may also be in-
dicative of post-infectious viral spillage or only intracel-
lular non-replicated viral nucleic acid residues. However, 
it has been shown that only 5% of the nasopharyngeal 
aspirate samples taken 2 weeks apart have the same virus 
and rarely have the same virus genotype [23]. Clinical 
signs of the study patients were compatible with infec-
tions caused by specific viruses detected by the PCR-
based method, and none of these patients had the same 
virus in the recurrent episode.

The lack of power analysis was the main limitation of 
the study.

Conclusion
The use of anti-viral drugs in FN patients is not a routine 
practice and the data on antiviral therapy is very limited. 
Non-specific viral symptoms, difficulty and long time in 
the isolation of viral agents, and the lack of efficacy in 
treatment have major roles in routine practice. Howev-
er, chemoprophylaxis or treatment is possible for specific 
viral agents. If bacteria are isolated from only about one-
third of neutropenic patients and many patients are still 
considered to have unexplained fever, with the increase 
in similar studies, it is possible that administering antivi-
ral treatment to selected patients or reduction in the use 
of antimicrobial agents for FN children who have been 
shown to have viral cause of respiratory tract infection 
based on strict clinical and microbiological/molecular 
diagnostic criteria [24] as well as more selective use and/
or earlier discontinuation of antibiotics can be achieved.
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