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 INTRODUCTION
Bipolar disorder is a chronic, severe psychiatric 

condition associated with poor outcomes and it 
frequently requires lifelong treatment consisting of 
pharmacotherapy and psychosocial interventions(1). 
Bipolar disorder affects over 1% of the global population, 
regardless of nationality, ethnicity, or socioeconomic 
status, and stands as one of the primary contributors to 
disability among the youth population(2). Early diagnosis 
of pediatric bipolar disorder (PBD) in youth is crucial 
because nearly 60% of individuals with PBD are affected 
before the age of 21 years(3).

Diagnostic criteria for PBD in children and adolescents 
are the same as for adults, but diagnosis of early-onset 
PBD is more challenging than late-onset PBD. Temper 
outbursts and irritability commonly develop in youth 
and more frequently cause mixed or rapid-cycling 
presentations compared to adults(4). Moreover, symptoms 
of mania and hypomania that overlap with symptoms of 
other psychiatric disorders such as attention deficit and 
hyperactivity disorder (ADHD), personality disorders, 
and behavioral problems in young people complicate 
the diagnosis of PBD(5). Disruptive mood dysregulation 
disorder (DMDD) was included in the Diagnostic and 
Statistical Manual of Mental Disorders-The Fifth Edition 

ÖZ
Bipolar bozukluk sıklıkla yaşamın erken dönemlerinde başlayan kronik bir hastalıktır ve bipolar bozukluğun ilk 
atağı sıklıkla ergenlik döneminde ortaya çıkar. Pediatrik bipolar bozukluk (PBB), yetişkinlerdeki bipolar bozukluğa 
göre daha şiddetli semptomlara ve daha kötü prognoza sahiptir. Çocuklar ve ergenler, PBB’nin psikofarmakolojik 
tedavisine ilişkin verilerin sınırlı olması nedeniyle, öncelikle yetişkinlerde yapılan klinik çalışmalardan elde edilen 
bulgulara göre tedavi edilmektedir. Psikotrop ajanların etkinliği çocuklarda ve ergenlerde yetişkinlere göre farklılık 
gösteriyor gibi görünmektedir. PBD’nin kanıta dayalı psikofarmakolojik tedavileri çocuklarda ve ergenlerde giderek 
artan bir ilgi görmektedir. Bu derlemede PBB için mevcut Amerikan Gıda ve İlaç İdaresi onaylı ilaçlar ve PBB ile 
ilgili kılavuzlar tartışılmaktadır. Ayrıca, akut manik/karma dönemler, bipolar depresyon ve idame tedavisi dahil 
olmak üzere bipolar bozukluğun farklı evrelerine bağlı olarak PBB tedavisine ait psikofarmakolojik kanıtlar ve 
algoritmalar incelenmektedir.
Anahtar kelimeler: Bipolar bozukluk, mani, psikofarmakoloji, duygudurum bozuklukları, çocuk ve ergen, bipolar 
depresyon

ABSTRACT
Bipolar disorder is a chronic illness that often onsets in early stages of life, and the first episode of bipolar disorder 
frequently occurs in adolescence. Pediatric bipolar disorder (PBD) has more severe symptoms and a poorer 
prognosis compared to bipolar disorder in adults. Due to limited data on the psychopharmacological treatment 
of PBD, children and adolescents have been treated primarily in consideration of the findings obtained from 
clinical studies performed in adults. The efficacy of the psychotropic agents seems to differ in children and 
adolescents compared to adults. The evidence-based psychopharmacological treatment modalities of PBD are 
of growing interest in children and adolescents. This review discusses current Food and Drug Administration 
approved medications for PBD and guidelines for PBD. The psychopharmacologic evidence and algorithms of 
PBD treatment relevant to different stages of bipolar disorder, including acute manic/mixed episodes, bipolar 
depression, and maintenance treatment are examined in this review article.
Keywords: Bipolar disorder, mania, psychopharmacology, mood disorders, child and adolescent, bipolar 
depression
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(DSM-5) to address concerns “about the appropriate 
diagnosis and treatment of children and adolescents who 
present with chronic, persistent non-episodic irritability 
relative to children and adolescents who present with 
classical bipolar disorder” and to put right what was 
evaluated as an inappropriate overdiagnosis of BPD 
in some children(6,7). Youngsters with DMDD who have 
higher psychiatric comorbidity rates are also debilitated 
and have functional impairments in different areas(8). 
Although the inclusion of the diagnostic criteria of DMDD 
in DSM-5 has reduced the incidence of overdiagnosis 
in youth with BPD, antipsychotics and polypharmacy 
have been started to be used more frequently in these 
children and adolescents(6). It is important to emphasize 
that while there are no treatment guidelines for DMDD, 
children and adolescents with persistent aggression and 
non-episodic irritability remain a challenging group(9). 
Episodes of acute mania correlate with engaging in 
high-risk activities, including gambling, substance 
abuse, accidents, and hazardous behaviors. Episodes of 
depression are linked to a heightened risk of suicide(4). 
PBD is associated with more severe symptoms, suicide 
risk, and poorer prognosis compared with the late- onset 
PBD. The efficacy of psychopharmacological treatments 
seems to differ in children and adults. Therefore, there 
is a growing interest in identifying effective and safe 
psychopharmacological treatments for PBD in children 
and adolescents(10).

Pharmacotherapy of bipolar disorder in children can 
be challenging. The crucial step in the pharmacotherapy 
of PBD is to confirm the PBD episodes and define 
the patient’s mood status because medical approach 
to mania, hypomania, and depression changes 
considerably(11). Thus, the choice of pharmacotherapy is 
generally based on the presentations of PBD (manic/
mixed, depressive, or maintenance). Children and 
adolescents have been treated primarily by adjusting 
findings from clinical studies in adults due to limited 
data on the psychopharmacological treatment of PBD 
in children. The National Institute for Health and Care 
Excellence (NICE) proposes recommendations on 
treating specific conditions covered by The National 
Health Service in the United Kingdom. Relevant NICE 
guidelines published in 2014 cover management 
strategies for patients with bipolar disorders in adults, 
children, and adolescents in primary and secondary 
care(12). In 2018, the last updates of The Canadian 
Network for Mood and Anxiety Treatments (CANMAT) 
were published in collaboration with the International 
Society for Bipolar Disorders (ISBD). CANMAT 2018 
guidelines have used recommendations for the first, 

second, and third-line treatments, considering levels 
of evidence for efficacy and clinical support based on 
experience(13). The latest American Academy of Child 
and Adolescent Psychiatry (AACAP) algorithm for the 
psychopharmacological treatment of PBD was still based 
on the results of randomized controlled trials (RCTs) 
performed in adult patients, data from open-label trials 
and retrospective studies conducted in children and 
adolescents(14). Since 2005, an increasing number of 
RCTs have been performed to investigate the efficacy 
of psychotropic drugs in the treatment of PBD. Recently, 
Hobbs et al.(15) have proposed a comprehensive update 
to the AACAP’s 2005 algorithm for PBD treatment. 

This review discusses FDA approved medications for 
PBD and current guidelines related to PBD. Moreover, 
we have examined the psychopharmacologic evidence 
and algorithms of PBD treatment depending on the 
manifestations of illness. 

FDA-approved Psychotropic Drugs for The 
Treatment of Pediatric Bipolar Disorder 

Most of the RCTs of psychotropic agents used in the 
treatment of PBD have been reported, especially in the 
last two decades. Medications superior to placebo in the 
treatment of BPD patients presenting with acute manic 
or mixed episodes include aripiprazole(16), asenapine(17), 
risperidone(18), quetiapine(19), and olanzapine(20). FDA 
has approved aripiprazole, asenapine, risperidone, or 
quetiapine for their use in the management of acute 
mania or mixed episodes in PBD for patients aged ≥10 
years and olanzapine for adolescents aged 13-18 years. 
The FDA has approved lithium for the treatment of manic 
or mixed episodes of PBD in individuals aged 7-17 years, 
supported by favorable outcomes observed in RCTs 
performed in children and adolescents(21). None of the 
anticonvulsant medications (valproate, carbamazepine, 
lamotrigine) are currently approved by the FDA for 
the treatment of PBD(22,23). Lurasidone and olanzapine/
fluoxetine combination have been approved for the 
treatment of depressive episodes of PBD in children 
aged 10-17 years(24,25). Lithium and aripiprazole are the 
only two medications to be used with an FDA indication 
for the maintenance treatment of PBD. 

Treatment of Acute Manic or Mixed Episodes
Acute episodes have a significant risk of suicide, 

disinhibition, recklessness, irritability, and threat to 
family or others. Accordingly, the primary objectives 
involve ensuring the safety of the patient and those in 
the community while striving for clinical stability with 
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minimal adverse effects in the acute management of 
PBD. Additionally, fostering engagement and establishing 
a therapeutic agreement are crucial aspects of managing 
this lifelong condition. Collaborative efforts are vital 
for long-term adherence to PBD treatment, especially 
during the initial episode(26).

There are several published guidelines for the 
treatment of acute PBD episode(12-14). NICE 2014 guidelines 
indicate that differences in dosage and side effects of the 
medications in younger patients compared to the adult 
population should be taken into account(12). Mechanisms 
of action of second-generation antipsychotics 
(risperidone, olanzapine, quetiapine, aripiprazole) and 
mood stabilizers (lithium, sodium valproate, lamotrigine, 
carbamazepine) are thought to be similar in youths and 
adults(12). At the time of the publication of NICE 2014 
guidelines, only one drug (aripiprazole) was licensed for 
the treatment of moderate to severe manic episodes in 
bipolar disorder in children aged 13 years and older for the 
duration of 12 weeks, and some preparations of lithium 
were also licensed for use in children aged over 12 years 
in the UK(27). At the time of release of NICE guidelines 
in September 2014, olanzapine, risperidone, haloperidol, 
quetiapine, lamotrigine, lithium, and valproate lacked UK 
marketing authorization for use in children and young 
people for treating mania or hypomania. However, the 
NICE 2014 guidelines suggested consideration of the 
recommendations intended for adults in such cases(12). 
In accordance with recommendations for adult patients, 
if a patient experiences mania or hypomania while on 
antidepressant monotherapy, it is advised to discontinue 
the antidepressant and consider initiating treatment 
with an antipsychotic drug such as haloperidol, 
olanzapine, quetiapine, or risperidone(12). If the initial 
antipsychotic drug is poorly tolerated or ineffective at 
maximum dosage, an alternative antipsychotic drug 
from the recommended list should be offered(12). While 
off-label use of lithium was acknowledged in September 

2014, NICE suggested that if a second antipsychotic drug 
fails to provide sufficient relief at maximum dosage, the 
addition of lithium may be considered(12). If the addition 
of lithium proves ineffective or if lithium is unsuitable due 
its adverse effects on biochemical parameters detected 
during routine blood tests, valproate may be considered 
as an alternative(12). Furthermore, the updated NICE 2023 
guidelines advise against initiating valproate treatment 
for the first time in patients, regardless of gender, who 
are younger than 55 years old(28). 

The CANMAT and the ISBD 2018 guidelines 
emphasize the significance of evidence levels with 
clinical support for efficacy in formulating the final 
treatment recommendations, as outlined in Table 1(13). 
These guidelines recommend lithium, risperidone (level 
1 evidence), aripiprazole, asenapine, and quetiapine 
(level 2 evidence) as the first-line options for acute 
treatment of PBD(13). Risperidone is recommended for 
the treatment of non-obese youth and children with 
ADHD as a preferred alternative to lithium. Olanzapine 
(level 2 evidence) and ziprasidone (level 2 evidence) 
are offered as second-line options in consideration of 
safety and tolerability concerns. Adjunctive therapy 
with quetiapine is also recommended as a second-
line treatment (level 3 evidence)(13). Despite insufficient 
response rates observed with divalproex, positive 
treatment outcomes documented with this drug in 
open-label studies involving children, and adolescents 
together with its extensive history of use among adults 
with bipolar disorders, position it as a third-line treatment 
alternative for youths who do not respond to or could 
not tolerate first or second-line treatment options (level 
4 evidence)(29). Oxcarbazepine has failed to demonstrate 
superiority over a placebo in a significant RCT (level 2 
negative evidence) and has not been endorsed in the 
CANMAT and ISBD 2018 guidelines(13,30).

The most recent update in psychopharmacological 
treatments for PBD highlighted the evidence that 

Table 1. Definitions for line of treatment ratings in guidelines
Treatment Evidence levels

First-line Level 1 or level 2 evidence for efficacy plus clinical support for safety/
tolerability and no risk of treatment-emergent switch

Second-line Level 3 or higher evidence for efficacy plus clinical support for safety/
tolerability and low risk of treatment-emergent switch

Third-line Level 4 evidence or higher for efficacy plus clinical support for safety/
tolerability

Not recommended Level 1 evidence for lack of efficacy, or level 2 evidence for lack of efficacy 
plus expert opinion

Canadian Network for Mood and Anxiety Treatments and International Society for Bipolar Disorders 2018 guidelines(13)
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has emerged since the AACAP 2005 algorithm was 
published for managing manic or mixed episodes in 
children and adolescents(15). Hobbs et al.(15) suggested 
use of second-generation antipsychotic agents (SGAs) 
as the first-line treatment of acute manic or mixed 
episodes, with the specific choice of antipsychotic agent 
left to the discretion of the clinician. The latest update 
has emphasized better efficiency of SGAs compared to 
other agents used in RCTs for the treatment of mixed or 
manic episodes of PBD(15). For the treatment of manic or 
mixed episodes of PBD associated with psychosis, the 
initial approach involves using one of the FDA-approved 
SGAs such as aripiprazole, asenapine, olanzapine, 
quetiapine, or risperidone(15). If there is no response to 
the priorly preferred SGA, another FDA-approved SGA 
can be used as monotherapy(15). Lithium augmentation 
may be considered in case of partial response to 
two SGAs. In cases of acute manic or mixed episodes 
without psychosis, lithium may be considered as an 
augmentation therapy to an SGA or as monotherapy 
if two different SGAs(15) fail to provide an adequate 
response(15). During acute manic or mixed episodes 
with psychotic or non-psychotic manifestations it is 
advisable to contemplate incorporating lamotrigine 
as an adjunctive therapy alongside an SGA and/or 
lithium(15). If tolerance to lithium and lamotrigine is not 
encountered, it is advisable to consider enhancing the 
treatment regimen by combining an SGA with second-
line agents such as divalproex, carbamazepine, or 
oxcarbazepine(15). If patients do not respond to these 
agents, electroconvulsive therapy (ECT) or clozapine 
can be considered for both psychotic and nonpsychotic 
groups of acute manic or mixed episodes(15). Even though 
lithium has showed a smaller effect size compared to 
SGAs in RCTs performed for the treatment of manic or 
mixed episodes of PBD(15), it remains as an important 
treatment option due to its unique features which 
include reducing suicidality in adults and children and 
providing neuroprotective advantages both in vivo and 
in vitro(31).

Treatment of Depressive Episodes
Children with PBD usually exhibit depression as 

the initial mood episode; however, a diagnosis of PBD 
requires a history or presence of mania/hypomania 
associated with an elevated risk of self-harm and 
suicide(32). The Course and Outcome of Bipolar Youth 
study has revealed that, during follow-up, the majority 
of recurrences after an initial episode of BPD were major 
depressive episodes (60%), followed by hypomanic 
(21%), manic (15%), and mixed (5%) episodes(4). Patients 

with depressive episodes of PBD are more frequently 
inclined to exhibit more severe psychiatric comorbidity, 
atypical features, psychotic features, a heightened risk 
of suicide, subsyndromal manic symptoms, and a higher 
prevalence of positive family history compared to those 
with unipolar depression(33). While selective serotonin 
reuptake inhibitors (SSRIs) can enhance depressive 
symptoms in bipolar disorder, they also elevate the 
risk of triggering a manic episode(34). In addition, some 
reports indicate a higher occurrence of antidepressant-
induced switching to mania in children and adolescents 
compared to adults(35). Healthcare providers should 
approach the use of antidepressants in depressive 
episodes of PBD with caution(14,34). 

The 2014 NICE guidelines indicate lack of empirical 
data on the treatment of depressive episodes in PBD 
among children and adolescents(12). When the NICE 2014 
guidelines were released, there were no trials of SSRIs 
in bipolar depression. However, it was noted that open-
label treatment trials of lithium(36) and lamotrigine(37) 
might be effective in addressing depressive episodes 
in PBD. The NICE 2014 guidelines propose referring 
to the recommendations for adults when addressing 
depressive episodes in PBD(12). According to the adult 
recommendations, in cases of moderate or severe 
bipolar depression and the absence of bipolar disorder 
treatment, fluoxetine combined with olanzapine or 
quetiapine alone can be offered based on the individual’s 
preference and prior treatment response(12). If there is 
no response to fluoxetine-olanzapine or quetiapine 
combination, the consideration of lamotrigine 
monotherapy is advised(12).

Data on pediatric populations are limited, and 
their interpretation is complicated by the presence of 
elevated placebo-response rates obtained in RCTs. In 
other words, the observed improvements in symptoms 
might be influenced by the placebo effect rather than 
the actual effectiveness of the tested treatment. As a 
result, the CANMAT and ISBD 2018 recommendations 
primarily rely on the clinical experience and results 
obtained from adult studies(13). In an RCT study, DelBello 
et al. found that lurasidone induced a higher response 
rate than placebo (level 2 evidence) in alleviating 
depressive symptoms in the pediatric population with 
acute bipolar depression(25); but still we have insufficient 
clinical data regarding its use in the pediatric population. 
Due to clinical experience and its effectiveness in adult 
patients, lurasidone is suggested as a first-line treatment 
for depressive episodes in PBD(13). Meanwhile, lithium 
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and lamotrigine are proposed as first-line treatment 
options for bipolar depression in adults(13). Despite the 
limited RCT data, there is extensive clinical experience 
with these medications. Results of open-label studies 
with lithium (level 4 evidence)(36) and lamotrigine (level 
4 evidence)(37) in children and adolescents are available. 
Based on the robust evidence in adults, lithium and 
lamotrigine are advised as second-line treatment 
options for PBD depression. Additionally, there is RCT 
level 1 evidence supporting the theraupetic effectiveness 
of the olanzapine-fluoxetine combination for PBD 
depression(24). However, concerns about the metabolic 
effects of olanzapine and insufficient clinical experience 
with this combination treatment in pediatric patients 
have led to the classification of this option as a third-
line treatment alternative(13). Considering the negative 
results in children and adolescents (level 2 negative 
evidence)(38,39), quetiapine is recommended as the third-
line treatment for the pediatric population due to 
evidence supported by significant clinical experience 
from studies performed in adults. Observational studies 
advocate for the cautious use of antidepressants in PBD 
and suggest their combination with mood stabilizers 
(level 4 evidence)(40,41). Oxcarbazepine is not approved 
for the management of depressive episodes of PBD and 
has not been found to have a higher response rate than 
placebo (level 2 negative)(13). However, a large-scale RCT 
has showed its effectiveness in younger children rather 
than older individuals(30). 

The most recent update of AACAP 2005 proposes 
lurasidone as a first-line treatment for depressive 
episodes of PBD(15). Lurasidone (effect size, 0.45) and 
olanzapine-fluoxetine (effect size, 0.46) combination 
are both FDA-approved drugs. However, lurasidone has 
a lower metabolic side effect burden than olanzapine-
fluoxetine combination(24,25). This updated review suggests 
that lurasidone, if partially effective, can be combined 
with lamotrigine(15). If depressive symptoms persist during 
adjunctive therapy with lamotrigine, adding an FDA 
approved SSRI such as escitalopram or fluoxetine may be 
considered; however, caution is warranted due to the risk 
of a manic switch(15). If lurasidone fails to elicit a response, 
cross-tapering to the olanzapine-fluoxetine combination 
should be considered(15). Despite evidence of efficacy and 
FDA approval, the underuse of olanzapine-fluoxetine 
persists in clinical practice. For partial responders to 
olanzapine-fluoxetine combination, augmentation 
with lamotrigine is recommended(15). If FDA-approved 
agents have failed, non-FDA-approved treatments 
like quetiapine, risperidone, asenapine, aripiprazole, 

bupropion, other SSRIs, and lithium should be considered 
(15). SSRIs should be used along with mood stabilizers 
to mitigate the risks of manic switch. Clinicians should 
note that quetiapine is FDA-approved only for adults; 
in children and adolescents with bipolar depression, 
it showed similar efficacy to placebo in two RCTs(38,39). 
While not recommended as a first-line medication for 
youths, quetiapine remains an acceptable choice for 
older adolescents suffering from bipolar depression(15). In 
cases where other treatments prove ineffective, ECT may 
be considered as an alternative option(15).

Maintenance Treatment 
PBD presents a chronic illness trajectory with a 

high susceptibility to relapse and permanent disability. 
A 5-year prospective follow-up study on adolescents 
with bipolar disorder reported relapse rates of 44%(42). 
Effective long-term treatments of bipolar disorder are 
essential, particularly in youths. Despite the severity and 
chronicity of PBD, research in the psychopharmacology 
of maintenance treatment of PBD has provided 
insufficient evidence than in adult bipolar disorder(43). 

In clinical practice, long-term treatment of PBD 
often includes the off-label use of antipsychotics and 
anticonvulsants since there is a paucity of randomized 
data available on maintenance treatment in youths 
with PBD(44). There are several published guidelines 
for the maintenance treatment of PBD. For long-term 
pharmacological treatment, the 2014 NICE guidelines 
advise considering medications that have demonstrated 
efficacy during episodes of PBD(12). The NICE guidelines 
advise engaging in a discussion with the individual about 
their preference to either continue with this treatment 
or switch to lithium therapy(12). NICE guidelines 
recommend the use of lithium as a first-line maintenance 
treatment of PBD(12). If lithium is ineffective, poorly 
tolerated, or not suitable, an antipsychotic (asenapine, 
aripiprazole, olanzapine, quetiapine, or risperidone) 
may be considered(12). If the initial antipsychotic is not 
well tolerated at any dosage or proves ineffective at 
the highest dosage, it is advisable to contemplate using 
a second antipsychotic from the list of recommended 
medications(12). According to the NICE guidelines, if the 
second antipsychotic is ineffective, a combination of 
valproate with either an antipsychotic or lithium should 
be considered(12). It is recommended that when long-
term pharmacological treatment is terminated, the 
patient should be educated on how to recognize early 
signs of relapse and what to do at the time of recurrence 
(12). Additionally, the NICE guidelines suggest continuing 
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to monitor symptoms, mood, and mental status for two 
years after the medication is completely discontinued(12).

CANMAT and ISBD 2018 guidelines recommend 
aripiprazole (level 2 evidence)(45,46), lithium (level 2 
evidence)(47), and divalproex (level 2 evidence)(48) as first-
line maintenance treatment alternatives of PBD. The 
CANMAT guidelines indicate that a minority of patients 
continue to do well after switching to either lithium 
or divalproex monotherapy, and the majority respond 
positively when the combination therapy is reintroduced 
(13). Additionally, studies have suggested the effectiveness 
of combination therapy, such as risperidone plus 
lithium or divalproex(49), and lithium plus divalproex 
or carbamazepine(50), in achieving and sustaining 
remission. Use of lamotrigine may also be considered as 
an adjunctive therapy for those aged ≥13 years (level 2 
evidence)(51). However, there is no recommendation with 
level ≥3 evidence for second-line maintenance therapy. 
As for asenapine, there is limited data for its use as 
long-term PBD treatment alternative. Nonetheless, an 
open-label study suggests gradual tapering of its dose 
during treatment of manic symptoms over 50 weeks in 
the pediatric patients (level 4 evidence). Additionally, 
a RCT conducted in adult patients has validated the 
effectiveness of asenapine in preventing the recurrence 
of mood episodes. Clinical observations and open-
label studies suggest that quetiapine, risperidone, 
or ziprasidone may serve as alternative third-line 
alternatives for maintenance treatment, especially for 
patients who has shown positive responses during acute 
episodes of PBD (level 4 evidence)(52-54).

The AACAP 2005 guidelines suggest that mood 
stabilizers (carbamazepine, lamotrigine, lithium, and 
valproate) along with SGAs can be used as first-line 
and combinations of these medications as second-line 
treatment alternatives(14,22). The AACAP 2005 guidelines 
suggest use of SGAs as adjunctive agents or alternatives 
to lithium and valproate(1). According to AACAP practice 
parameters, maintenance treatment for at least 12-24 
months following the initial episode is recommended 
(14). For patients with severe symptoms and a history of 
recurrent episodes, lifelong treatment with psychotropic 
medications should be considered(14). Monotherapy 
with either lithium or divalproex in pediatric patients 
is associated with a comparatively shorter median 
time to relapse(55). Furthermore, discontinuation of 
lithium has been demonstrated to elevate relapse 
rates in adolescents diagnosed with bipolar disorder(56). 
Hence, gradual tapering, and finally discontinuation of 
maintenance therapy is recommended over a period of 

time devoid of significant anticipated stressors(14). The 
American Psychiatric Association’s Practice Guideline for 
the Treatment of Patients with Bipolar Disorder in adults 
advises that maintenance therapy with an agent should 
persist for at least 18 months following the stabilization 
of a manic episode(57). Since definitive answers are not 
available on the exact duration of maintenance treatment, 
clinicians must navigate the balance between the potential 
harm of symptom recurrence and the side effects of mood 
stabilizers and antipsychotics. This uncertainty persists 
due to the lack of conclusive information regarding the 
long-term effects of these medications(1).

Only lithium(47) and aripiprazole(45,46) have been 
approved by FDA for the maintenance treatment of PBD. 
Numerous international treatment guidelines advocate 
initiating treatment for PBD with monotherapy and 
suggest that the drug combinations are considered only 
after multiple conservative treatment approaches have 
proven ineffective(1,13). A recent meta-analysis examining 
long-term treatment trials for PBD has revealed that 
combination treatments, which typically involve 
use of lamotrigine, lithium, or valproate combined 
with a SGA, yield superior outcomes compared to 
monotherapy trials(44). This meta-analysis has formulated 
the apparent order of efficacy as follows: combined 
agents > anticonvulsants ≥ lithium ≥ antipsychotics(44). 
Nevertheless, conduction of further RCTs is necessary 
to evaluate long-term safety and effectiveness of these 
psychopharmacologic agents used for the treatment 
of PBD. In the context of maintenance treatment for 
bipolar disorder, the polarity index (PI) serves as a metric 
indicating the relative preventive efficacy of drugs against 
manic versus depressive episodes(58). The PI is derived 
by calculating the ratio of the Number Needed to Treat 
(NNT) for the prevention of depression to the NNT for the 
prevention of mania, as evidenced by results from RCTs 
performed in adult populations. A PI value exceeding 
1.0 signifies relatively greater prophylactic efficacy 
against manic episodes, while a value below 1.0 suggests 
relatively greater efficacy in preventing depressive 
episodes. In the context of maintenance therapy for 
bipolar disorder, the PI values are as follows: 12.09 for 
risperidone, 4.38 for aripiprazole, 3.91 for ziprasidone, 
2.98 for olanzapine, 1.39 for lithium, 1.14 for quetiapine, 
and 0.40 for lamotrigine. The reliability of the PI values for 
valproate and oxcarbazepine may be compromised due 
to their ineffectiveness in trials of maintenance therapy. 
Notably, quetiapine and lithium exhibit a PI close to 1, 
indicating their nearly equal efficacy in preventing both 
manic and depressive episodes(58). Indeed, although PI 
values are derived from adult RCTs, they may still be 
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clinically beneficial in providing information for the 
selection of an appropriate maintenance treatment for 
bipolar disorders in adolescents.

CONCLUSION
This article reviews evidence from different 

guidelines and algorithms formulated for the 
psychopharmacological treatment of PBD, acute 
manic or mixed, depressive episodes, and maintenance 
therapy. At present, there is still a lack of sufficient 
double-blind, RCTs involving pediatric and adolescent 
patients with bipolar disorders. The existing guidelines 
have predominantly relied on studies conducted on 
adult patients with bipolar disorders. However, the 
clinical characteristics and presentation of bipolar 
disorder in children and adolescents differ significantly 
from those in adults. This fact highlights the necessity 
for the conduction of further psychopharmacological 
trials specifically tailored to this younger age group. 
As ongoing RCTs are carried out, the body of evidence 
regarding psychopharmacological treatment in children 
and adolescents will accumulate. Consequently, there 
is an ongoing need for updated and evidence-based 
guidelines that specifically address the treatment of PBD.
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  INTRODUCTION
While the disease process was asymptomatic 

in childhood at the beginning of the coronavirus 

disease-2019 (COVID-19) pandemic caused by severe 

acute respiratory syndrome coronavirus-2, in April 2020, 

the United Kingdom Pediatric Intensive Care Association 

ABSTRACT
Objective: This study investigates electrocardiographic (ECG) findings in pediatric patients diagnosed with 
Multisystem Inflammatory Syndrome in Children (MIS-C) during the coronavirus disease-2019 pandemic, offering 
valuable insights into the diagnostic process. 
Method: Demographic, clinical, and laboratory data of 71 MIS-C cases and 27 Kawasaki disease cases between 
January 2019 and December 2021 were retrospectively collected from hospital records, following ethics committee 
approval. MIS-C diagnosis adhered to World Health Organization criteria, and Kawasaki disease diagnosis followed 
American Heart Association guidelines.
Results: Seventy one MIS-C cases and 27 Kawasaki disease cases were included. MIS-C patients exhibited a 
significantly shorter duration of fever, higher C-reactive protein levels, and elevated serum cardiac troponin T 
troponin values compared to Kawasaki disease cases. Transthoracic echocardiographic evaluation revealed 
specific cardiac abnormalities in MIS-C patients, including mitral regurgitation and aortic regurgitation. ST segment 
changes, T-wave negativity, and QRS changes were observed significantly in MIS-C patients.
Conclusion: Results provide crucial information about the ECG profile of MIS-C cases. Particularly, indicators 
such as ST segment changes and T-wave negativity play a critical role in distinguishing MIS-C from other similar 
conditions and understanding its cardiac effects. These data offer valuable clinical markers that can be utilized in 
the diagnosis and treatment of MIS-C.
Keywords: Electrocardiography, pediatrics, MIS-C, Kawasaki disease

ÖZ
Amaç: Bu çalışma, koronavirüs hastalığı-2019 pandemisi sırasında Multisistem Enflamatuvar Sendromu olan 
Çocuklarda (MIS-C) elektrokardiyografik (EKG) bulguları araştırarak, tanı sürecine değerli bir bakış sunmayı 
amaçlamaktadır.
Yöntem: Ocak 2019 ile Aralık 2021 tarihleri arasında 71 MIS-C olgusu ve 27 Kawasaki hastalığı olgusunun demografik, 
klinik ve laboratuvar verileri, etik kurul onayı sonrasında hastane kayıtlarından retrospektif olarak toplandı. MIS-C 
tanısı, Dünya Sağlık Örgütü kriterlerine uygun olarak yapılırken, Kawasaki hastalığı tanısı Amerikan Kalp Derneği 
kılavuzlarına göre yapıldı.
Bulgular: Yetmiş bir MIS-C olgusu ve 27 Kawasaki hastalığı olgusu dahil edildi. MIS-C hastaları, Kawasaki hastalığı 
olgularına göre belirgin olarak daha kısa süreli ateş, daha yüksek C-reaktif protein seviyeleri ve yüksek cTnT troponin 
değerleri sergiledi. Transtorasik ekokardiyografik değerlendirme, MIS-C hastalarında özel kardiyak anormallikleri, 
mitral ve aort regürjitasyonunu içeren belirli kardiyak patolojileri ortaya çıkardı. ST segment değişiklikleri, T dalga 
negatifliği ve QRS değişiklikleri MIS-C hastalarında belirgin olarak gözlemlendi.
Sonuç: Sonuçlar, MIS-C olgularının EKG profil hakkında önemli bilgiler sağlamaktadır. Özellikle, ST segment 
değişiklikleri ve T dalga negatifliği gibi göstergeler, MIS-C’yi diğer benzer durumlardan ayırmada ve kardiyak 
etkilerini anlamada kritik bir rol oynamaktadır. Bu veriler, MIS-C’nin tanı ve tedavisinde kullanılabilecek değerli 
klinik işaretler sunmaktadır.
Anahtar kelimeler: Elektrokardiyografi, pediatrik, MIS-C, Kawasaki hastalığı
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published an article on one deceased and seven survived 
patients with severe gastrointestinal system symptoms, 
toxic shock, high fever associated with COVID-19 that 
presented with a clinical picture similar to atypical 
Kawasaki disease with severe myocardial involvement(1). 
This clinical condition was named “multisystem 
inflammatory syndrome in children (MIS-C)” by the 
World Health Organization (WHO) after similar case 
reports came from other countries. 

Kawasaki disease in the differential diagnosis of 
MIS-C is a frequently confused clinical picture. Although 
the diagnostic criteria are mostly sufficient to establish 
a definitive diagnosis and treatment planning, in some 
cases making an accurate differential diagnosis is 
almost impossible. Overlapping clinical manifestations 
are frequently encountered. For the administration of 
human immunoglobulin and acetylsalicylic acid, which 
are the first treatment options in Kawasaki disease, a 
febrile period persisting up to 9 days is an acceptable 
indication. Since rapid clinical deterioration and shock 
are more prominent features in MIS-C, early diagnosis, 
and effective treatment carry vital importance(2).

In this study, we aimed to examine the conventional 
12-lead electrocardiographic (ECG) changes detected 
at the time of admission of MIS-C cases diagnosed and 
followed up in our clinic during the COVID-19 pandemic.

MATERIALS and METHODS
Demographic, clinical, and laboratory information of 

cases diagnosed with MIS-C (n=71) and Kawasaki disease 
(n=27) between January 2019 and December 2021 were 
retrieved from hospital records after obtaining the 
necessary ethics committee approval. Ethics committee 
approval was obtained from the University of Health 
Sciences Turkey, Dr. Behçet Uz Pediatric Diseases and 
Surgery Training and Research Hospital Ethics Committee 
(decision no: 2022/11-06, date: 09.06.2022).

MIS-C was diagnosed according to the WHO criteria(3). 
Patients between the ages of 0-19 years with ≥3 days 
of fever with at least two of the following diagnostic 
criteria; rash, conjunctivitis or mucocutaneous lesion, 
hypotension or shock, cardiac involvement (myocardial 
dysfunction, pericarditis, valvulitis or coronary artery 
anomaly), coagulopathy, increased sedimentation rate, 
C-reactive protein (CRP), and procalcitonin levels with 

Table 1. Comparative evaluation of demographic, clinical, electrocardiographic findings, and serum cardiac troponin T 
levels of the patients

Multiple systemic 
inflammatory syndrome Kawasaki disease p-value

Gender
Male, n (%)
Female, n (%)

52 (73)
19 (26.7)

13 (48.1)
14 (51.7)

 
<0.05
<0.05

Transthoracic echocardiographic findings
Mitral regurgitation (1-2 degrees), n (%)
Aortic regurgitation, n (%)
Pericardial effusion, n (%)
LVSD, n (%)
Coronary aneurysm, n (%)
Normal, n (%)

19 (26.7)
4 (5.6)
2 (2.8) 
9 (9.1)
0
46

4 (19)
1 (4.7)
0
0
1 (4.7) 
21

Electrocardiographic findings
QRS change, n (%)
T-wave change, n (%)
ST segment change, n (%)
Normal, n (%)

5 (7)
6 (8.4)
6 (8.4)
54 (76.2)

0
0
0
27

Serum cardiac troponin T levels
1-5 x ULN 
5-10 x ULN
10 x ULN 

6
(6)
2 (2.8)
17 (23.9)

1 
0 
0

0.02

LVSD: Left ventricular systolic dysfunction, ULN: Upper limit of normal 
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acute gastrointestinal symptoms were included in the 
MISC group.

American Heart Association (AHA) guidelines 
were used for the diagnosis of Kawasaki disease(4). 
The diagnosis of Kawasaki disease was based on the 
presence of ≥5 days of fever and the presence of ≥4 
of the 5 principal clinical features including extremity 
changes, rash, conjunctivitis, oral lesions, and servical 
lymphadenopathy. 

ECG data were obtained retrospectively from 
conventional standard 12-lead ECG recordings (Philips 
Medical Systems, Andover, MA, USA) taken at 25 mm/s 
and 10 mm/mV at admission. PR interval, QRS, and 
RR measurements were calculated electronically from 
ECG recordings, and corrected QT interval (QTc) was 
estimated manually from leads D2 and V5 using Bazett’s 
formula. T-wave amplitude was evaluated from leads D1 
and V6, and R and S wave amplitudes were measured 
manually from leads V1, V4, and V6.

The ECG interpretation was performed according to 
the guideline published by the AHA Electrocardiography 
and Arrhythmias Committee(5). Accordingly, cases with 
PR >98% according to age and gender were considered 
to have first-degree AV block. Age-, and gender-adjusted 
QRS, and QTc intervals >98 were defined as prolonged 
QRS, and QTc intervals, respectively. ST segment 
depression was diagnosed when ≥0.05 mV decrease in 
two or more contiguous leads was observed. ST-segment 
elevation was defined as ≥0.2 mV in V2/V3, and ≥0.1 mV 
increase in other leads. T-wave inversion was defined 
as ≥0.1 mV negativity in any lead, and T-wave negativity 
between V1-3 was defined as a juvenile pattern (if it was 
observed in the pediatric age group) was not considered 
as a pathological finding.

Statistical Analysis
For statistical analysis SPSS 18.0 software (SPSS Inc., 

Chicago, IL, USA) was used. To check for homogeneous 
distribution of data coming from two independent 
groups Kolmogorov-Smirnov test was used. Student’s 
t-test was employed to compare homogeneously 
distributed data, and Mann-Whitney U test to compare 
data that did not show homogeneous distribution. The 
chi-square test was used to compare observed results 
with expected results.

RESULTS
Seventy-one cases with MIS-C (mean age: 8.5±5.1 

years) and 27 patients diagnosed with Kawasaki disease 

(mean age: 2.4±2.1 years) in the same study period 
were included in the study (p<0.05). The MIS-C group 
consisted of 52 boys (73%), 19 girls (26.7%), and Kawasaki 
disease group included 13 boys (48.1%) and 14 girls 
(51.8%) (p<0.05).

The febrile period in the MIS-C group was significantly 
shorter than the Kawasaki disease group monitored 
during the same study period (4.76 vs. 6.6 days).

CRP levels were higher in MISC patients than those 
with Kawasaki disease (10.91 vs. 6.02) (CRP normal value 
<0.5 mg/dL).

Serum cardiac troponin T (cTnT) values increased 10 
times the upper limit of normal (ULN) in 17 (23.9%), 5-10 
times the ULN in 2 (2.8%), and 1-5 times the ULN in 6 (6%) 
patients (cTnT n<0.014 ng/dL). The cTnT levels increased 
in 7 (77.7%) of 9 patients with systolic dysfunction and 
ECG changes. Only one (4%) Kawasaki patient had a cTnT 
value between 1-5 times the ULN (p<0.042). The cTnT 
values of MIS-C patients were statistically significantly 
higher than those with Kawasaki disease (p=0.02).

In the transthoracic echocardiographic evaluation of 
MIS-C patients, mitral regurgitation (1-2 degrees) was 
found in 19 patients (26.7%), and aortic regurgitation 
in 4 patients (5.6%). Pericardial effusion was detected 
in 2 (2.8%) cases. Coronary artery aneurysm (left 
coronary artery, z+1.6) was detected in 1 (3.5%) Kawasaki 
disease patient. Left ventricular systolic dysfunction 
was detected in 9 (9.1%) patients. All patients with left 
ventricular systolic dysfunction were in the MIS-C group. 

Seventeen (23.9%) MIS-C patients including the cases 
with ST segment changes (n=6; 8.4%), T-wave negativity 
(n=6; 8.4%), and QRS changes (n=5; 7%) received positive 
inotropic therapy. QRS fragmentation was observed 
in one of the patients with ST-segment changes. QRS 
changes were detected in 2, T-wave changes in 1, and 
ST segment changes in 4 patients who received positive 
inotropic therapy. Among 54 patients (76.1%) who did 
not need positive inotropic therapy alterations in QRS 
complexes (n=3), T-waves (n=1), and ST segments (n=5) 
were observed. No pathological ECG changes were 
detected in patients diagnosed with Kawasaki disease.

DISCUSSION
Although the pathophysiology of MIS-C is not known 

precisely, the alteration in T cell response after contact 
with COVID-19, ACE2 receptor-related pathologies, 
and hyperinflammatory clinical manifestations due to 
exaggerated interleukin response have been indicated 
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in its pathogenesis. Unlike Kawasaki disease, in some 
MIS-C patients, decreased number of naive CD4+ T cells, 
decreased follicular T helper cell expression, lower IL17A 
levels, and increased macrophage activation syndrome 
precursor interferon-γ levels have been detected(6-9). The 
clinical findings of MIS-C syndrome, which are observed 
in clinical practice with the onset of COVID-19 pandemic, 
show similarities to those of Kawasaki disease(10). 
Although history of COVID-19 infection or contact with 
infected persons is an indispensable diagnostic criterion 
for MIS-C syndrome, due to its clinical similarity, it is an 
obvious fact that the physicians caring for these patients 
need parameters that will help in the decision-making 
process and arriving at a differential diagnosis.

While Kawasaki disease is typically seen in early 
infancy (<5 years), MIS-C can be seen at any age, and 
it is significantly more common in men. Febrile period 
is shorter in MIS-C patients (4.76 vs. 6.6 days, p<0.05) 
compared to those with Kawasaki disease. In MIS-C 
patients, left ventricular systolic dysfunction and mitral 
valve regurgitation were detected by echocardiography 
at a significantly higher rate compared to Kawasaki 
disease, and greater number of patients required 
inotropic treatment and monitoring in pediatric 
intensive care unit (p<0.05). Higher cTnT levels, and 
more intense inflammation have been detected in 
MIS-C patients(11), but there was no coronary artery 
involvement in echocardiographic evaluation, unlike 
reported by Sperotto et al.(12) in a multicenter study. ST 
segment changes and T-wave polarization changes were 
much more frequently detected in our MIS-C patients 
compared to our patients with Kawasaki disease, which 
shares similar clinical and biochemical characteristics 
with MIS-C. We linked the relevant ECG changes to 
the presence of more extensive systemic involvement 
and metabolic stress due to the severe inflammatory 
process in MISC which would increase the possibility of 
cardiac involvement. We found that the cTnT levels were 
higher in patients with ST-segment changes and T-wave 
depolarization disorders detected on ECG. Systolic 
dysfunction was observed only in MIS-C patients. Cardiac 
troponin T levels of these patients were significantly 
higher. However, although few of these MIS-C patients 
(6%) had troponin positivity and needed inotropic 
therapy, any pathological change was not observed 
in ECG. cTnT values were elevated in all patients who 
needed IV inotropic therapy. 

Since our study patients were admitted to our clinic 
during the pandemic period, the data we obtained 
during COVID-19 outbreak were of great benefit when 

evaluating the patients in terms of their exposure to 
COVID-19 or clinical discrimination of patients with 
negative COVID-19 IG-G antibodies. In contrast to 
the case series of Villacis-Nunez et al.(13) in which they 
detected giant coronary artery aneurysms, coronary 
artery aneurysms were not detected in any of our 
MIS-C patients, thanks to the early initiation of medical 
treatment in our patients diagnosed with MIS-C. The 
rate of correct diagnosis increased thanks to our criteria 
for differential diagnosis between MIS-C, and Kawasaki 
disease which based on number of febrile days, increased 
CRP, and cTnT levels, presence of systolic dysfunction, 
and ECG changes. Detecting ECG findings in MIS-C 
patients that we did not expect to see in cases with 
Kawasaki disease facilitated our diagnostic process(14).

Study Limitations
The study was conducted in a single clinic, possibly 

limiting the external validity of the results, as the 
population characteristics may not represent the broader 
demographic diversity. The study was conducted during 
the COVID-19 pandemic, and the unique circumstances 
of the healthcare system during this period could 
introduce confounding variables that may impact the 
internal validity of our study findings.

CONCLUSION
This study delves into the ECG findings in pediatric 

patients diagnosed with MIS-C during the COVID-19 
pandemic, offering valuable insights into the diagnostic 
process and highlighting differences from Kawasaki 
Disease. The MIS-C group exhibited distinct clinical 
characteristics, including a shorter duration of fever, 
higher CRP levels, and significantly elevated cTnT values. 
Echocardiographic evaluations revealed more frequent 
left ventricular systolic dysfunction in MIS-C patients. 
Importantly, ECG abnormalities, such as ST segment 
changes and T-wave polarization disorders, were more 
prevalent in MIS-C, emphasizing the potential for cardiac 
involvement in this syndrome. The study underscores the 
significance of considering ECG changes as diagnostic 
aids in differentiating MIS-C from Kawasaki disease in 
pediatric populations. The findings contribute to the 
understanding of unique ECG profile of MIS-C, aiding 
clinicians in the timely and accurate diagnosis of this 
syndrome during the ongoing pandemic.
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ÖZ
Amaç: Hiperbarik oksijen tedavisi (HBOT) ortopedide başlıca crush yaralanmalar ve kompartman sendromu gibi 
akut travmatik iskemiler, reimplantasyonlar, kronik osteomyelit, tutması şüpheli greft ve flepler, gazlı gangren, 
nekrotizan yumuşak doku enfeksiyonları, avasküler nekrozlar ve post-op yara iyileşmesinin geciktiği durumlarda 
kullanılmaktadır. Bu çalışmanın amacı çocuklarda en çok hangi ortopedik endikasyonlarda HBOT uyguladığımızı 
belirlemektir. Ayrıca çocuk ortopedisi ile ilgilenen hekimlerle HBOT konusunda bilgi paylaşmayı amaçladık. 
Yöntem: Dosya ve sistem kayıtlarımızı inceleyerek 01.01.2006 ile 01.01.2016 tarihleri arasında crush yaralanma, 
kompartaman sendromu, kronik osteomyelit ve gecikmiş yara iyileşmesi endikasyonlarıyla HBOT uyguladığımız 
tüm çocuk hastaları belgeledik. 0-18 yaş arasında ve yukarıda sayılan endikasyonlarda en az 15 seans HBOT gören 
hastaların demografik özellikleri, endikasyonları, tedavi sonuçları, karşılaştığımız sorunlar, komplikasyon ve yan 
etkileri kayıt altına aldık.
Bulgular: Otuz bir hastaya toplam 1029 seans HBOT uyguladık. Hastalardan 24’ünün tedavisi planlandığı şekilde 
tamamlandı (%77,4). Hastaların 19’unda (%61,3) şifa sağlandı. İki hastada (%6,4) tedavi sonucunda minor morbidite 
ile düzelme oldu, üç hastanın (%9,7) tedavi sonucunda ise herhangi bir düzelme olmadı. Altı hastada ilk seans 
sırasında anksiyete bulguları gözlendi (%0,6 hasta seansı). Seanslar sırasında tedavinin kesilmesini gerektirecek bir 
komplikasyona rastlanmadı.
Sonuç: Ortopedik endikasyonlarla tedaviye alınan hastaların HBOT’si herhangi bir komplikasyon olmadan 
tamamlanmıştır. HBOT’nin çocuk ortopedisinde güvenli bir şekilde kullanılabileceğini düşünmekteyiz. Ancak bu 
konuda daha geniş hasta serilerine ihtiyaç vardır.
Anahtar kelimeler: Hiperbarik oksijen tedavisi, çocuk, güvenlik, yan etkiler

ABSTRACT
Objective: The main uses of hyperbaric oxygen therapy (HBOT) in orthopaedics are acute traumatic ischemia 
such as crush injuries and compartment syndrome, reimplantations, chronic osteomyelitis, grafts and flaps with 
suspected involvement, gas gangrene, necrotizing soft tissue infections, avascular necrosis and delayed post-op 
wound healing. The aim of this study was to determine the most common orthopaedic indications for HBOT in 
pediatrics. We also aimed to share information about HBOT with pediatric orthopaedic surgeons.
Method: By reviewing our files and system records, we documented all pediatric patients who underwent 
HBOT between 01.01.2006 and 01.01.2016 with the indications of crush injury, compartment syndrome, chronic 
osteomyelitis and delayed wound healing. We recorded the demographic characteristics, indications, outcomes, 
problems encountered, complications and side effects of patients aged 0-18 years who received at least 15 sessions 
of HBOT.
Results: A total of 1029 HBOT sessions were performed in 31 patients. Treatment was completed as planned in 
24 patients (77.4%). Cure was achieved in 19 patients (61.3%). Two patients (6.4%) had improvement with minor 
morbidity, and three (9.7%) had no improvement as a result of the treatment. Anxiety symptoms were observed in 
only six patients during the first session (0.6% patient sessions). The sessions did not result in any complications 
that required treatment to be discontinued. 
Conclusion: HBOT in patients with orthopaedic indications was completed without complications. We believe 
that HBOT can be safely used in pediatric orthopaedics. However, larger patient series are needed.
Keywords: Hyperbaric oxygen therapy, pediatric, safety, side effects
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 INTRODUCTION
Hyperbaric oxygen therapy (HBOT) is a medical 

treatment based on the inhalation of 100% oxygen 
at atmospheric pressures greater than 1 atmospheric 
absolute (ATA), with a minimum of 1.4 ATA for 
effectiveness. Treatment is administered in monoplace 
or multiplace HBOT chambers by delivering 100% 
oxygen via a mask, hood or endotracheal tube (Figure 1). 
The duration of treatment varies between 1.5 and 2 hours 
in routine HBOT sessions, and the treatment pressure 
varies between 2 and 2.8 ATA(1).

The effect of HBOT is achieved by two different 
mechanisms. The first mechanism is related to the effect 
caused by the increase in the atmospheric pressure which 
is used in the treatment of decompression sickness and 
arterial gas embolism. The second mechanism concerns 
with the effect of increasing the partial pressure of 
oxygen inhaled under high pressure. In this way, hypoxia is 
eliminated thanks to the increased partial oxygen dissolved 
in the tissues, which has antitoxic, antibacterial and anti-
edema effects. In addition, wound healing processes are 
also supported by high partial oxygen levels(2-6).

In 2001, the indications for HBOT according to the 
“Regulation on Private Health Institutions Applying 
HBOT” guideline published by the Turkish Ministry of 
Health are shown in Table 1(7). Indications for HBOT have 
been specified by the Undersea and Hyperbaric Medical 
Society and the European Committee of Hyperbaric 
Medicine, and consensus reports with levels of evidence 
were published(1,8). There are no randomised controlled 
trials in the literature on indications and treatment 
protocols in children. Indications and protocols in adults 
are being used for HBOT in children.

Indications for HBOT in pediatric orthopedics include 
crush injuries, compartment syndromes, avascular 
necrosis, necrotizing soft tissue infections, gas gangrene, 
chronic osteomyelitis, grafts and flaps suspected of 
being infected or impaired, and conditions where 
postoperative wound healing is delayed(9).

There are a limited number of studies in the literature 
on HBO treatment in children(10-14). In addition, there 
are no case series on the use of HBOT in pediatric 
orthopedics. In this study, we reported the indications for 
HBOT in pediatric orthopedics, the treatment outcomes 
and the difficulties we encountered during treatment. 
We compared our data with those of other studies in 
the literature. We aimed to share this information with 
pediatric orthopedic surgeons in particular.

Table 1. Indications for hyperbaric oxygen therapy(7)

Decompression sickness
Air or gas embolism
Carbon monoxide, cyanide poisoning, acute smoke 
inhalation
Gas gangrene
Necrotizing infections of soft tissues (subcutaneous, muscle, 
fascia)
Crush injuries, compartment syndrome and other acute 
traumatic ischaemias
Delayed wound healing conditions (diabetic and non-
diabetic)
Chronic refractory osteomyelitis
Excessive blood loss
Radiation necrosis
Skin flaps and grafts with suspected involvement
Thermal burns
Brain abscess
Anoxic encephalopathy
Sudden hearing loss
Retinal artery occlusion
Acute osteomyelitis of the skull, sternum and vertebrae

Figure 1. Multiplace pressure chamber, a) interior view, 
b) exterior view (University of Health Sciences Turkey, 
İzmir Bozyaka Training and Research Hospital, Clinic of 
Underwater Medicine and Hyperbaric Medicine)

a

b
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MATERIALS and METHODS
Approval for this retrospective study was obtained 

from the Ethics Committee of the University of 
Health Sciences Turkey, İzmir Bozyaka Training and 
Research Hospital on 17.05.2021 with the decision 
number 2021/05-16. We recorded demographic data, 
indications, HBOT protocol and number of sessions, 
problems encountered during treatment, complications 
and outcomes. Chest radiographs were taken before 
treatment and the lesions that could cause air trapping 
were assessed. Consent for treatment was obtained from 
the children’s families. A hyperbaric nurse was present 
during treatment sessions. However, children who did 
not want to enter the hyperbaric chamber and showed 
signs of anxiety were allowed to be accompanied by 
a family member. Ear equalization manoeuvres were 
explained and demonstrated to the children. Young 
children were induced to perform ear equalization 
manoeuvres in the hyperbaric chamber by playing 
yawning games. HBOT sessions were performed in a 
multi-place hyperbaric chamber (Barotech-Istanbul) at 
2-3 ATA pressures for 2 hours. Oxygen was administered 
by mask and hood in children too young to adapt to the 
mask. Toys that did not pose a fire risk were allowed 
in the hyperbaric chamber as a distraction for young 
children. During treatment sessions, the hyperbaric 
chamber was monitored and recorded by external 
cameras, and verbal communication was provided by 
an intercom system. Because of the risk of fire, electrical 
appliances and flammable objects were not allowed in 
the hyperbaric chamber. In addition, the oxygen level in 
the chamber was strictly controlled by oxygen sensors.

Statistical Analysis
Data were entered into a Microsoft Excel (Microsoft, 

US) spreadsheet under the categories of complete 
recovery, healing with minor morbidity (minor 
amputation, skin graft or surgical debridement), no 
recovery, withdrawal from treatment, and complications 
related to HBOT. These data were statistically analyzed 
with Microsoft 365 Excel 2021 software program.

Patients 
A total of 31 pediatric patients aged 5-18 years 

(median 12 years ) referred from orthopedic clinics were 
treated over a 10-year period. Patient demographics by 
indications and number of sessions performed are shown 
in Table 2. A total of 1029 HBOT sessions were delivered 
(mean ± standard deviation number of therapy sessions 
per patient: 33.2±16.4).

Eighteen patients received HBOT for delayed wound 
healing. Nine of these patients underwent surgery after 
trauma and developed infection or necrosis in the surgical 
field. Nine patients who presented with ulcers due to 
foot deformity with sequelae of meningomyelocele 
were school-aged and mobile patients. Eight patients 
were treated with a diagnosis of chronic osteomyelitis. 
Patients had femural osteomyelitis (n=1), humeral 
osteomyelitis (n=1), and tibial-fibular osteomyelitis 
(n=6). Five patients were treated with the diagnosis of 
crush injury and compartment syndrome, due to traffic 
accidents (n=3) and compression between objects (n=2).

RESULTS
Over a 10-year period, we treated a total of 31 patients 

aged 5-18 years with five different indications. Treatment 
outcomes are shown in Table 3. Cure was achieved in 19 
patients (61.3%) (Figures 2, 3). Two (6.4%) patients had 
a minor morbidity, and three (9.7%) patients did not 
recover despite treatment.

None of the patients refused treatment because of 
claustrophobia. Anxiety was observed in only six out of 
1029 sessions (0.6%). Anxiety symptoms disappeared 
when a family member entered the hyperbaric chamber 
with his/her children. No barotrauma or oxygen toxicity 
that would interrupt or terminate treatment was 
observed during HBO sessions.

DISCUSSION
Indications and levels of evidence for HBOT have 

been defined by international organizations(1,8). In the 
absence of specific HBOT guidelines for children, 

Table 2. Indication, demographics and number of 
sessions 

Indication n
Mean 
(SD) 
Age 

Sex 
(F:M)

Median 
(SD) 
Session 

Delayed wound healing 18    

Operation wounds 9 9.7 
(4.0) 4:5 32.9 

(13.3)

MMC 9 12 (4.7) 7:2 35.6 
(18.8)

Chronic osteomyelitis 8 14.1 
(4.0) 3:5 33.4 (21)

Crush injury, compartment 
syndrome 5 11.8 

(4.8) 1:4 31 (12.5)

Total 31 12.2 
(4.5) 15:16 33.2 

(16.4)
F: Female, M: Male, SD: Standard deviation, MMC: Meningomyelocele
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current indications for adults were also used in our study 
for pediatric patients.

In our study, most commonly patients with delayed 
wound healing (n=18) received HBOT. Nine of these 
patients had chronic ulcers occurring in the deformed 
foot as a result of meningomyelocele. These patients 
were school-aged children with no activity limitations. 
Treatment regimens included HBOT, wound care and 
off-loading. The remaining nine patients were admitted 
for failure of the surgical site to heal after surgery for 
various reasons.

In addition to HBO treatment, wound care, appropriate 
antibiotherapy based on tissue culture results, and 
minor debridement of ulcers were performed. Traffic 
accidents were the most common cause of chronic 
osteomyelitis in eight cases. One of the four crush injury 
cases required a minor amputation. In the remaining 
cases, treatment achieved healing of wounds. One case 
of compartment syndrome was treated with HBO. This 
patient’s treatment resulted in complete healing at the 
end of the 15th session of HBO without need for surgical 
intervention. 

In the patient series of Frawley et al.(10) and Frawley 
and Fock(12), cases of delayed wound healing were 
treated with HBO. In a series of 112 patients, 13 patients 
were treated with a diagnosis of chronic osteomyelitis. 
Complete recovery was reported in 10 and recovery with 
minor sequelae in 3 cases(10). In a series of 139 patients 
by Waisman et al.,(11) five cases of chronic osteomyelitis 
were treated and cured without the need for surgical 
intervention after an average of 32 sessions of HBOT. 
Another series of patients reported two cases of chronic 
osteomyelitis without any mention of the outcomes of 
the cases(12). A total of 27 cases including 14 cases with 
crush injuries and 13 cases with compartment syndromes 
were reported. Three of these patients recovered 
with major disability and 15 with minor disability. The 
average number of 7.2 HBO sessions were used in these 
patients(10). In the study by Waissman et al.,(11) 13 cases 
with acute traumatic and crush injuries were reported. 
Two patients recovered completely and five patients 
partially. Six patients did not benefit from the treatment.

The most common side effect of HBOT is ear and 
sinus barotrauma(15-18). Side effects of HBOT have not been 
investigated in studies performed on pediatric patients.

However, the incidence of barotrauma in the general 
population has been reported to be 1.9-3% in various 
studies(16,17).

Figure 2. Sixteen year-old female patient, foot deformity 
due to meningomyelocele, before HBOT 
HBOT: Hyperbaric oxygen therapy

Figure 3. After 60 sessions of HBOT
HBOT: Hyperbaric oxygen therapy

Table 3. Treatments outcomes

Indication n Complete 
recovery

Recovery with 
minor morbidity

No 
recovery

Withdrawal 
from treatment

Delayed wound healing 18     
     Operation wounds 9 5 1 1 2
     MMC squealae 9 6  0  0 3
Chronic osteomyelitis 8 4  0 2 2

Crush injury, compartment syndrome 5 4 1  0 0

n (%) 31 19 (61.3) 2 (6.45) 3 (9.68) 7 (22.6)
MMC: Meningomyelocele
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Complications requiring discontinuation of HBOT 
were not observed in our study. Anxiety was observed in 
only six (0.6%) sessions and these symptoms disappeared 
when the parents entered the hyperbaric chamber with 
their children. The rates of anxiety in the study by Frawley 
and Fock(12) were reported to vary between 2, and 3.2%. 
In the study by Plafki et al.(16) the rate of anxiety in the 
general population, was reported to be 4.3%, and in 1.3% 
of the cases treatment was discontinued because of 
anxiety. We believe that if a family member accompanies 
his/her child during therapy sessions, anxiety of these 
children will be relieved, and the treatment process will 
not be interrupted or discontinued. 

Study Limitations 
This study has some limitations. The main limitations 

are its retrospective nature, and the small number of 
patients included in the study population. We also did not 
have information on the outcomes of seven patients whose 
treatment was discontinued at the request of their families. 
The other limitation is the lack of a control group which 
prevents intergroup comparison of treatment outcomes.

CONCLUSION
HBOT is an adjunctive treatment modality that can 

be used for several indications in pediatric orthopedics. 
We believe that HBOT can be safely used in pediatric 
patients for the same indications as in adults. Large 
patient series are needed to provide more detailed 
information on the efficacy and side effects of HBOT in 
pediatric orthopedics.
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ABSTRACT
Objective: This study aimed to evaluate the epidemiological, microbiological, clinical characteristics of the 
patients followed up with different types of underlying hematologic malignancies and solid tumors. 
Method: This cohort study included patients with pediatric malignancy. Eighty-eight patients who were followed 
up for two years were included. The number of days from the first diagnosis, recurrent infectious episodes, number 
of days with fever, presence of neutropenia and nonneutropenic episodes, chemotherapy regimens, antimicrobial 
agents, blood and urinary tract culture samples were recorded. 
Results: A total of 149 infectious episodes were observed. The median age was 5.08 years. The mean age was 
9.02±5.17 years in patients who had no infectious episodes during the follow-up and 5.70±4.60 years in patients 
with two and more infectious episodes and was significantly lower (p=0.024). In total, 264 microbial cultures 
were retrieved from different locations during these infectious episodes. Regarding all the cultures, 27% of blood 
cultures and 9% of urinary tract cultures were positive. The most commonly isolated microorganism were Gram-
positive bacteria (n=23, 57.5%). 
Conclusion: Younger children with cancer are at higher risk of infection complications compared to children of 
older ages. Children with hematologic malignancies are more likely to develop a neutropenic fever during the 
consolidation and induction periods. Regarding the high rate of FUO in our study, more attempts to increase 
microbiological diagnosis in this patient population.
Keywords: Febrile neutropenia, cancer, pediatrics

ÖZ
Amaç: Bu çalışmada, altta yatan farklı tipte hematolojik maligniteler ve solid tümörler ile takip edilen hastaların 
epidemiyolojik, mikrobiyolojik, klinik özelliklerinin değerlendirilmesi amaçlanmıştır.
Yöntem: Bu kohort çalışmasına pediatrik maligniteli hastalar dahil edilmiştir. İki yıl takip edilen 88 hasta çalışmaya 
dahil edildi. İlk tanıdan itibaren gün sayısı, tekrarlayan enfeksiyöz ataklar, ateşli gün sayısı, nötropeni ve nötropenik 
olmayan atak varlığı, kemoterapi rejimleri, antimikrobiyal ajanlar, kan ve idrar yolu kültür örnekleri kaydedildi.
Bulgular: Toplam 149 enfeksiyöz epizod gözlendi. Takipte enfeksiyöz epizodu olmayanlarda yaş ortalaması 
9,02±5,17 yıl iken, iki ve daha fazla enfeksiyöz epizodu olanlarda 5,70±4,60 yıldı ve anlamlı olarak daha düşüktü 
(p=0,024). Bu enfeksiyöz epizodlar sırasında farklı yerlerden toplamda 264 mikrobiyal kültür alındı. Tüm 
kültürlerde kan kültürlerinin %27’si ve idrar yolu kültürlerinin %9’u pozitifti. En sık izole edilen mikroorganizma 
Gram-pozitif bakterilerdi (n=23, %57,5).
Sonuç: Pediatrik çağdaki kanserlerde yaş azaldıkça daha yüksek enfeksiyon komplikasyonları riski izlenmiştir. 
Hematolojik maligniteleri olan çocukların konsolidasyon ve indüksiyon dönemlerinde nötropenik ateş geliştirme 
olasılığı daha yüksektir. Çalışmamızdaki nedeni bilinmeyen ateş oranlarından da yola çıkarak bu grup hastalıklarda 
daha iyi mikrobiyolojik tanı için daha fazla çalışma gerekmektedir.
Anahtar kelimeler: Febril nötropeni, kanser, çocuk
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 INTRODUCTION
Children treated for cancer develop serious 

complications even death during episodes of infectious 
complications, most of them being associated with 
neutropenic fever(1). Studies have revealed that during the 
last 50 years survival rates increased from 25% to 80%(2), 
especially due to intensive chemotherapy and evolving 
treatment modalities. Improvement in survival rates is 
achieved with repeated use of multi-agent courses, which 
resulted in recurrent episodes of severe and prolonged 
neutropenia. Eight percent of neutropenic episodes due 
to intensive chemotherapy which persists more than 
one week are complicated by fever, and about 60% of 
them have an infectious etiology(3).

The infectious complications are mainly influenced 
by the type of primary disease. For instance, severe 
bloodstream infections have been reported in the 
children with hematologic malignancies compared to 
cases with solid tumors(4). The treatment modalities of 
neutropenic fever include hospitalization, intravenous 
administration of broad-spectrum empirical antibiotics, 
and also antifungal and antiviral treatment for some 
selected patients(5). Better understanding of the 
malignancy-specific infectious complications and the 
time when the risk of infection is increased during the 
intensive chemotherapy might additionally contribute 
to the clinical management of these patients. 

We have aimed to evaluate the infections and 
causative microorganisms that emerged during episodes 
of febrile neutropenia in patients with malignancy.

MATERIALS and METHODS
This prospective cohort study wascarried out between 

February 2018 and May 2020 in a 28-bed oncology-
hematology department of a 400-bed pediatric 
teaching hospital. The patients aged 1 month to 18 years 
with the diagnosis of malignancy who were followed up 
from the time of diagnosis of the primary disease until 
termination of the study or completion of the primary 
treatment for malignancy were analyzed retrospectively. 
The patients who were not followed up for at least three 
months were not included in the final analysis. Patients 
were divided into groups of hematologic malignancies 
including acute lymphoblastic leukemia (ALL), acute 
myelocytic leukemia (AML) and solid tumors.

The infectious episodes in the patients who were 
diagnosed with malignancy during their therapy starting 
from the first day to the end of treatment were included 
in the study. The data concerning the number of days 

from the first diagnosis, recurrent infectious episodes, 
number of days with fever, presence of neutropenia and 
non-neutropenic episodes, chemotherapy regimens, 
antimicrobial agents, test results of blood culture 
samples, and positive cultures of species of pathogenic 
microorganisms (if any) were also recorded. Blood 
cultures were considered positive if one or more than one 
microorganism grew in at least one culture set. Positive 
cultures were considered contaminated if normal flora 
of the skin, including coagulase-negative staphylococci 
(CoNS), viridans group streptococci, Bacillus species, 
Neisseria species (other than Neisseria meningitidis or 
Neisseria gonorrhoeae), Micrococcus species, or aerobic 
Gram-positive rods grew in only one culture set. If the 
same skin microorganism were identified in two culture 
sets, then they were considered true positives, and in the 
presence of positive signal or positive culture, a second 
set of blood culture set was prepared within the first 
24 hours of the first one(6) In case of identification of 
only one pathogenic agent in urine culture, isolation of 
a single pathogen with either 100,000 CFU/mL in the 
cultures of mid-stream urine or bagged urine specimens 
or ≥50,000 CFU/mL in catheter tip cultures; and if 
more than one pathogen was isolated, then growth of 
one bacteria at 100,000 CFU/mL, and the other one 
at <50,000 CFU/mL in the cultures of mid-stream and 
bagged urine specimens, finally growth of 50,000 CFU/
mL for one, and <10,000 CFU/mL for the other agent in 
the catheter tip cultures were considered significant.

Isolation of CoNS was accepted as contamination 
irrespective of catheter-tip or dual inoculation.

Treatment of ALL and AML was performed according 
to ALL-IC BFM 2009, AML BFM 2004 protocols and 
in phases of induction, consolidation, reinduction, 
and maintenance chemotherapy(6,7). Neutropenia was 
described as a total number of granulocytes <0.5×109/L 
or leukocytes <1.0×109/L without differential counts 
available(8). Febrile neutropenia was defined as either 
absolute neutrophil counts below 500/mm3 or 
expected to decrease below 500/mm3 within 48 hours 
in the presence of fever of 38.3 °C with single axillary 
measurement or above 38 °C persisting for one hour 
or with two measurements above 38 °C within one 
hour(9). Antimicrobial therapy was planned according 
to Infection Diseases of American Association guideline 
recommendations(10) .

Microbiologically proven infection was defined 
as isolation of a pathogen from a sterile body site 
(blood, urine) in the clinical setting of suspected 
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infection. Clinically proven infection was defined as 
clinical or radiological findings of infection where the 
patient shows a prompt response to antimicrobials 
without any laboratory evidence of an infectious 
etiology. Fever of unknown origin (FUO) was defined 
as fever without any focus or etiology identified by 
clinical history, physical examination, radiological or 
microbiologic testing during a minimum hospitalization 
period of three weeks without an established diagnosis 
despite an intensive one-week investigation. Central 
venous blood samples were collected twice for aerobic 
and anaerobic cultures from patients with fever under 
aseptic conditions and after disinfection of the central 
venous access device hub, in addition to a blood culture 
sample drawn from peripheral veins. 

Statistical Analysis
Collected data were analyzed with SPSS Software 

version 20 (IBM Corporation, Armonk, NY, USA). 
Categorical variables were analyzed using relative 
frequencies, and numerical variables were expressed 
as median or mean values depending on whether they 
showed normal distribution or not. Categorical variables 
were compared using Pearson χ2 and Fisher’s exact tests, 
and numerical variables with t-test or nonparametric 
Mann-Whitney U test. For statistical analysis of 
quantitative data, t-test, Mann-Whitney U, Kruskal-
Wallis, and One-Way ANOVA tests were used. The level 
of significance was taken as p≤0.05. Dunn’s test was used 
in the post-hoc analysis of Kruskal-Wallis test. Survival 
analyzes were performed using Kaplan-Meier method, 
and log-rank test was used for the comparison of factors. 
Written consent was obtained from all patients.

RESULTS

Demographic Features
Ninety-two newly diagnosed patients including those 

with solid tumors and hematologic malignancies were 
enrolled in this study. The patients with hematologic 
malignancies were followed up for a mean period of 
97.80±18.48 days, and those with solid tumors for a mean 
period of 170.48±32.69 days. Three patients were not 
followed up for at least three months and one patient 
was lost to follow-up due to the city change of the family. 
In the final analysis, 45 (51.1%) female, and 43 (48.9%) 
male patients were included in the study. Median age 
of the patient population was 60 months (interquartile 
range: 30.50-120.00 months). Primary diagnoses were 
ALL in 44 (50%), AML in 7 (8.0%), and solid tumors in 37 
(42%) patients (Table 1).

Development of Infectious Episodes
Among 88 patients, 67 children (76.2%) experienced 

at least one infectious episode during chemotherapy, 
and during the study period we observed a total of 149 
infectious episodes (Figure 1). The primary diseases of 21 
children in whom infectious episodes were not observed, 
were ALL (n=9), Hodgkin’s disease (n=3), neuroblastoma 
(n=3), rhabdomyosarcoma (n=3), non-Hodgkin’s disease 
(n=1), Ewing’s sarcoma (n=1), and pancreas cancer (n=1). 

During the follow-up period, 17.6% of patients with 
hematologic malignancies, and 32.4% of those with solid 
tumors had not experienced infectious episodes during 
the follow-up period without any significant difference 
regarding percentages of infection-free patients 
between groups (p>0.05). Duration of infection-free 
periods were 60±4.26 days in all patients, while they 
were 55±10.20, and 60±8.51 days in cases with leukemia 
and solid tumors, respectively. According to the Kaplan-
Meier method, 49±0.070% of leukemia patients, and 
48.6±0.082% of those with solid tumors had not 
experience any infectious episode on the 55th, and 60th 
days of follow-up, respectively (Figure 2). Duration of 
infection-free periods were not statistically significantly 
different between patients with hematologic and solid 
tumors (p>0.05).

Table 1. The distribution of the underlying malignancies 
of the patients in the study
Cancer types  (n) %
Leukemia
Acute lymphoblastic leukemia 50 (44)
Acute myelocytic leukemia 8.0 (7)
Lymphoma
Hodgkin lymphoma 3.4 (3)
Non-hodgin lymphoma 5.6 (5)
Willms tumor 3.4 (3)
Neuroblastoma 10.2 (9)
Rhabdomyosarcoma 8.0 (7)
Bone tumor
Osteosarcoma 1.1 (1)
Ewing tumor 2.3 (2)
Central nervous system tumor
Glioma 1.1 (1)
Ependymoma 1.1 (1)
Ovarian epitelial tumor 1.1 (1)
Hepatoblastoma 1.1 (1)
Endodermal sinus tumor 1.1 (1)
Pancreatic tumor 1.1 (1)
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A total of 149 infectious episodes were observed in ALL 
(n=74; 49.7%), in AML (n=19; 12.8%) patients and in cases 
with solid tumors (n=56; 37.6%). The number of infectious 
episodes varied in patients with ALL (0-6), AML (1-5), and 
solid tumors (0-5) without any significant intergroup 
difference (p>0.05) (Table 2). The patients who had two or 
more infectious episodes during follow-up period (mean 
age: 5.70±4.60; range: 0.75-17.17 years) were statistically 
significantly younger than those that had not experienced 
any infectious episodes (mean age: 9.02±5.17 years; range: 
2-17.25 years) during that period (p=0.024).

The Characteristics of Infectious Episodes

The patients were neutropenic during 127 (85.2%) and 
non-neutropenic during 22 (14.8%) episodes. FUO was 
revealed in 57 (44.9%), clinically confirmed infections 
in 33 (26%), and microbiologically proven infections in 
37 (29.1%) patients during febrile neutropenic episodes 
(Figure 1).

In our study the number of febrile neutropenic 
episodes differed between patients with leukemia 
(n=80; 63%), and the cases with solid tumors (n=47; 37%). 
Absolute neutrophil counts were ≤100/μL in 69 (54.3%) 
episodes. In patients with ALL, febrile neutropenic 
episodes were most frequently observed in the 
consolidation period (n=38; 29.9%), and in the induction 
period (n=17; 13.3%). In AML, febrile episodes were 
detected most frequently during the induction period 
(n=8; 6.2%). Microbiologically proven infectious episodes 
lasted significantly longer (14.11±5.55 days) compared 
to UFO (10.35±3.90 days), and clinically diagnosed 
infectious episodes (11.12±4.72 days) (p<0.001).

Focus of infection was present in 43 (33.9%), and 
absent in 84 (66.1%) febrile neutropenic episodes. 
Patients with febrile neutropenic attacks with identified 
foci of infection had skin (n=20; 46.6%), lower respiratory 
tract (n=9; 20.9%), upper respiratory tract (n=6; 13.9%), 
urinary tract (n=6; 13.9%) and gastrointestinal system 
(n=2; 4.7%) infections. 

Blood cultures were performed either from peripheral 
vein or catheter tip samples in 97% (n=145), and urine 
specimens in 79% (n=119) of infectious episodes. A total 
264 microbial cultures were performed from different 
locations during these infectious episodes. Regarding 
all of the cultures, 27% of blood, and 9% of urine 
cultures were positive. The most commonly isolated 
microorganisms were gram-positive bacteria. (n=23, 
57.5%) followed by Gram-negative bacteria (n=16, 40%) 
and fungal agents (n=1, 2.5%). Most commonly isolated 
bacteria were CoNS (47.5%) followed by Klebsiella 
pneumonia (2.7%), Staphylococcus aureus (2.0%), and 
Pseudomonas aeruginosa (2.0%) (Table 3). Escherichia 
Coli was the most common isolated pathogen in urinary 
tract infections (Table 3).

DISCUSSION
In this cohort study with 2 years of the follow-up 

period, a total of 88 patients with pediatric hematologic 
malignancies and solid tumors were monitored for 
the development of infections. A total of 149 infectious 

Figure 1. The distribution of the infectious episodes according 
to the clinical and microbiological features 

*Four patients were excluded due to lack of sufficient follow 
up data

Figure 2. Kaplan-Meier analysis concerning development 
of infectious episodes, solid tumors and hematologic 
malignancies

According to the Kaplan-Meier method, 49±0.070% of 
leukemia patients on the 55th day, and 48.6±0.082% of the 
patients with solid tumors on the 60th day of the follow-
up period had not experienced infectious episodes. A 
statistically significant difference was not found in terms 
of time interval passed without infection between patients 
with hematologic and solid tumors, (p>0.05)
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episodes including febrile neutropenic (85.2%), and 
febrile non-neutropenic (14.8%) episodes were observed. 
According to the classification of febrile neutropenia; 
these episodes were categorized as FUO (44.9%), clinically 
defined (26%), and microbiologically proven (29.1%) 
infections. 

Despite lack of statistically significant intergroup 
differences, during the follow-up period, patients with 
solid tumors had more frequently experienced infection-
free periods when compared to those with hematologic 
malignancies This is not a surprising finding because 
infectious complications are among the major causes of 
morbidity and mortality in patients undergoing cancer 
therapy. Hematologic malignancies, in particular AML, 
have been more frequently associated with infectious 
complications compared to solid tumors(4,11-14). Al-Tawfiq 
et al.(16) also detected febrile neutropenic episodes 
due to chemotherapy at indicated rates in cases with 
leukemia (80%) and solid tumors (10-50%)(15). 

During our study, 76.2% of the patients had at least 
one febrile infectious episode. A cohort study of 101 
pediatric patients aged 7-16 years, reported that 79% 
of the patients had infectious episodes at least once(16). 
Among childhood cancers, the highest risk in terms of 
invasive infection was found in patients diagnosed with 
acute myeloid leukemia and relapsed ALL(5,17,18). 

In our study, the median infectious episode rate 
was 3 at the AML patients. In support of our findings, a 
recent study has reported greater number of infectious 
episodes and prolonged antibiotherapy in AML patients 
compared to patients with other diagnoses(16). 

Children with AML are particularly susceptible to the 
development of severe infections, due to the intense 
treatment and prolonged and profound neutropenia. 

Table 2. Clinical characteristics associated with infections in children diagnosed with malignancy during the study 
period
Number of infectious episodes 0 1 >2 p-value
Age (median) 9.01* 6.45 5.70* 0.024*

Gender - n (%)
>0.05Girl 11 (12.5) 7 (8.0) 27 (30.7)

Boy 10 (11.4) 14 (15.9) 19 (21.6)
Diagnosis - n (%)
ALL 9 (20.5) 12 (27.3) 23 (52.3)

>0.05AML - 1 (14.3) 6 (85.7)
Solid tumors 12 (32.4) 8 (21.6) 17 (45.9)
Total - n (%) 21 (23.9) 21 (23.9) 46 (52.3) >0.05
ALL: Acute lymphoblastic leukemia, AML: Acute myelocytic leukemia, *Kruskal-Wallis H 7,419

Table 3. The distribution of microorganisms identified 
during the microbiologically proven infection episodes

Identified 
microorganisms

Bloodstream
culture 
(peripheral) 
n (%)

Urinary 
tract culture
n (%)

Staphylococcus 
epidermidis

12 (8.1) 

Streptococcus 
acidominimus

1 (0.7) 

Staphylococcus hominis 6 (4.0) 

Staphylococcus 
hemoliticus

 1 (0.7) 

Staphylococcus 
aerus(mssa)

 3 (2.0) 

Pantoea agglomerans  1 (0.7)
Acinetobacter baumanii  1 (0.7)
Serratia marcescens  1 (0.7)
Stenotrophomonas 
maltophilia  1 (0.7)

Klebsiella oxytoca  1 (0.7) 1 (0.7)

Klebsiella pneumonia  4 (2.7)

Salmonella  1 (0.7)
Pseudomonas aeruginosa  3 (2.0) 1 (0.7)
Escherichia coli 8 (5.4)
Citrobacter werkmanii 1 (0.7)
Enterobacter cloacae 3 (2.0)
Candida parapsilosis 1 (0.7)
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In our study, the longer hospitalization periods of AML 
patients compared to ALL patients also supported the 
findings of previous reports. Basu et al.,(19) investigated 
12,446 children with cancer and detected comparatively 
longer hospitalization periods in patients with AML(20).

In our study, the average age of those who had no 
infectious episodes during follow-up was found to be 
significantly higher than those who had 2 and/or more 
infectious episodes. Inaba et al.,(21) conducted a research 
study on 409 pediatric patients, and found that older 
patients had suffered from lesser number of infectious 
episodes, as well(19). 

Auletta et al.(15) investigated the infections developed 
in 155 pediatric cancer patients , and found that cases 
under 3 years of age had suffered more frequently 
from infectious episodes(14). However, connection of 
infections with age in children receiving chemotherapy 
has not been fully confirmed(21,22). One of the reasons for 
failure to prove the connection between development 
of infections and age of the children is that statistical 
significance of age in univariate analyzes could not 
be demonstrated in multivariate analyzes due to the 
presence of other confounding factors(23). 

Some studies in the literature have indicated an 
increase in the frequency of mucositis in younger 
patients, possibly related to the increasing mitotic 
index(24,25). Different chemotherapy protocols exert 
effects of varying intensity on bone marrow. In their 
study, Lyman et al.,(26) stated that some regimens were 
more myelotoxic(27). Febrile neutropenic episodes were 
detected mostly during the consolidation (n=38; 29.9%), 
and induction (n=17; 13.3%) phases of chemotherapy 
in indicated number of ALL patients. In AML, febrile 
neutropenic episodes were most frequently observed 
during induction phase of chemotherapy (n=8; 6.2%). 
Yilmaz et al.,(28) examined 239 febrile neutropenic 
episodes in 82 pediatric patients with leukemia, and 
found that the most frequently, febrile neutropenic 
episodes occurred during the consolidation period(26). 

Considering the classification of febrile neutropenia; 
in our study group, FUO was the most commonly 
seen clinical entity. Among febrile infectious episodes 
predominantly skin and respiratory tract infections were 
observed. Febrile neutropenic patients are susceptible 
to infections due to decreased neutrophil count and 
dysfunction and increased permeability as a result of 
altered skin barrier balance(28). In support of our findings, 
lower respiratory tract, upper respiratory tract, soft 

tissue, and gastrointestinal tract infections can often be 
seen in febrile neutropenia(26).

The impact and rate of positive cultures in the 
diagnosis of neutropenic fever especially in the children 
were reported to be at a lower level(29). According to 
the studies in the literature, growth of pathogenic 
microorganisms is detected in only 15% of the cultures 
taken and the culture positivity rate in our study was 
found to be higher than that cited in the literature. 
Daef et al.(30) found bacteremia in 25 (29.4%) of 85 
febrile neutropenic attacks in 68 patients, and gram-
positive growth was found in 15 (53.6%) attacks in the 
same study(31). The rate of positive cultures might change 
depending on the sample collection methods, capacities 
of microbiology laboratories, and characteristics of 
the hospital’s working conditions. In our study, the 
most common isolated microorganism was CoNS 
which is responsible for nearly half of the bloodstream 
infections. Recent studies have reported that CoNS and 
Staphylococcus aureus were isolated in nearly 50% of 
positive cultures(30,32). The higher rate of Gram-positive 
bacteria identified during febrile neutropenic episodes 
was mainly due to presence of indwelling vascular 
catheters and multiple interventions performed(6).

This study was approved by the University of Health 
Sciences Turkey, Dr. Behçet Uz Pediatric Diseases and 
Surgery Training and Research Hospital Ethics Committee 
(decision number: 2019/06-04; date: 11.04.2019).

Study Limitation

This study has several limitations. First, the 
malignancies in the study group were heterogenous 
especially regarding diagnoses, and includes both 
hematologic malignancies and solid tumors which might 
change the development of the infectious complications. 
Secondly, the treatment modalities change depending 
on the stage and the grade of the primary disease which 
also affects the nature of the infectious complications.

CONCLUSION
In conclusion, younger children with cancer are 

at higher risk of infectious complications compared 
to children of older ages. Children with hematologic 
malignancies are more likely to develop a neutropenic 
fever during the consolidation and induction periods. 
Regarding the high rate of FUO in our study, more 
attempts should be made to increase the rates of 
microbiological diagnosis in this patient population.
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Ağır Nötropenili Yedi Olgu: Tek Merkez Deneyimi
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ABSTRACT
Objective: Severe congenital neutropenia is a rarely encountered heterogeneous group of disorders characterized 
by myeloid maturation arrest in the bone marrow. The present study aimed to discuss clinical and laboratory 
findings, genetic mutations, therapeutic approaches and outcomes in these rarely seen seven cases followed up 
with the diagnosis of Kostmann syndrome in a single center so as to make a contribution to the literature.
Method: In this retrospective study, data of the seven cases followed up with the diagnosis of Kostmann syndrome 
were retrieved from the patient files. The diagnosis was established based on an absolute neutrophil count of 
<500/mm³ persisting for more than 3 months and presence of HAX-1 gene mutations detected by positive 
molecular genetic analysis.
Results: All patients were born to consanguineous parents. Six of the seven cases had sibling history. All cases had 
homozygous HAX-1 mutation. Case 1 had motor-mental retardation and case 5 had urogenital system anomaly. 
Mortality or malignancy was not encountered in any of the cases despite the absence of prophylactic granulocyte-
colony stimulating factor (G-CSF) therapy.
Conclusion: The diagnosis and differential diagnosis of congenital neutropenia must be considered in the 
patients presenting with neutropenia and recurrent infections. Monitoring of the cases with severe neutropenia 
like Kostmann syndrome carries extreme importance. Families should be educated in terms of early signs of 
infection and importance of regular patient monitoring for prophylactic G-CSF-free management of the disease.
Keywords: Congenital neutropenia, HAX-1, G-CSF therapy, mortality

ÖZ
Amaç: Ağır konjenital nötropeni, kemik iliğinde miyeloid olgunlaşmanın durması ile karakterize, nadir görülen, 
heterojen bir grup hastalıktır. Bu çalışmada tek merkezden takip edilen Kostmann sendromu için yedi olguda 
klinik ve laboratuvar bulguları, genetik mutasyonlar, tedavi yaklaşımları ve sonuçlarının tartışılması, nadir görülen 
bir hastalık olması ve nadir görülen bir hastalık olan yedi olgunun takip edilmesinin olağandışı olması nedeniyle 
literatüre katkı sağlanması amaçlandı ediliyor.
Yöntem: Bu retrospektif çalışmada Kostmann sendromu nedeniyle takip edilen yedi olgunun verileri hasta 
dosyalarından elde edildi. Tanı, 3 aydan uzun süredir mutlak nötrofil sayısının <500/mm³ olması ve HAX-1 geninin 
moleküler genetik analizinin pozitif olmasıyla konuldu.
Bulgular: Olguların tümü akraba evliliği olan ebeveynlerden doğmuştu. Yedi olgunun altısında kardeş öyküsü vardı. 
Olguların tamamında homozigot HAX-1 mutasyonu vardı. Olgu 1’de motor zeka geriliği, olgu 5’te ise ürogenital 
sistem anomalisi vardı. Profilaktik granulocyte-colony stimulating factor (G-CSF) tedavisi uygulanmamasına 
rağmen hiçbir olguda mortalite veya maligniteye rastlanmadı.
Sonuç: Nötropeni ve tekrarlayan enfeksiyonlarla başvuran hastalarda konjenital nötropeni tanısı ve ayırıcı tanısı 
mutlaka göz önünde bulundurulmalıdır. Kostmann sendromu gibi ciddi nötropeni olgularının izlenmesi önemlidir. 
Aileler, enfeksiyonun erken belirtileri ve hastalığın profilaktik GCSF’siz tedavisi için düzenli hasta takibinin önemi 
açısından eğitilmelidir.
Anahtar kelimeler: Konjenital nötropeni, HAX-1, G-CSF tedavisi, mortalite
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INTRODUCTION
Severe congenital neutropenia (SCN) belongs to a 

rarely encountered heterogeneous group of disorders 
characterized by myeloid maturation arrest in the bone 
marrow affecting both neutrophil homeostasis and 
function(1). An absolute neutrophil count (ANC) below 
500/mm³ in peripheral blood circulation is considered 
severe neutropenia. The diagnosis of SCN is established 
in the presence of severe neutropenia lasting for more 
than 3 months together with myeloid maturation arrest 
in the bone marrow. Its prevalence is estimated to be 
nearly 1-2 to 10/1,000,000 with both genders being 
affected equally(2,3).

Congenital neutropenia was first defined in 1956 by 
Rolf Kostmann as “infantile genetic agranulocytosis”. 
In 1975, the same author identified 10 more cases and 
thereafter the terms of SCN and Kostmann syndrome have 
been associated and showed up as a group of diseases. 
Dale et al.(4) firstly demonstrated mutations in the ELA-
2 gene in cyclic neutropenia cases in 1999 and then in 
SCN cases in 2000; thereby, these two diseases have 
been classified in the same group. So far, more than 20 
gene mutations associated with neutropenia (including 
G6PC3, GFI1, SBDS, JAGN1, SRP54, and DNAJC21 gene 
mutations) have been identified. Nevertheless, genetic 
defects remain unidentified in nearly 25% of patients(1).

The most frequent pathogenetic defects are 
autosomal dominant mutations in the ELA2/ELANE 
gene, which encodes the neutrophil elastase, and 
autosomal recessive mutations in the HAX-1 (HS1-
associated protein X-1) gene, the product of which 
contributes to the activation of the granulocyte-colony 
stimulating factor (G-CSF) signaling pathway(5). ELA2/
ELANE gene mutations also playsa role in myeloid 
differentiation, thus mutation of this gene enhances the 
risk of developing acute myeloid leukemia (AML)(6,7).

SCN presents particularly with recurrent skin, lung, 
and soft tissue infections caused mostly by S. aureus, 
E. coli, and P. aureginosa which can be seen from the 
first few months of life. Fifty percent of patients die of 
infections before the age of one year. In a study, rates 
of survival over 5 years was reported to be 30%(8). The 
disease has been usually fatal with a mean survival of 13 
years before the availability of colony-stimulating factors, 
but the mean survival has been remarkably prolonged 
along with the use of G-CSF therapy. Nevertheless, 
some patients (nearly 20%) can develop AML and 
myelodysplastic syndrome (MDS) after treatment with 
G-CSF(9,10). It has been reported that G-CSF therapy can 

trigger the transformation of the underlying myeloid 
stem-cell defect into malignancy, or may increase the 
risk of malignancy by prolonging mean survival time(11). 
Today, allogeneic bone marrow transplantation is 
the only curative therapy, which provides a favorable 
prognosis when a human leukocyte antigen (HLA)-
matched donor can be found(3).

Establishment of a definite diagnosis of congenital 
neutropenia requires a detailed medical history, physical 
examination, family history, and realization of laboratory 
screening tests. These clinical and laboratory data can 
identify a viral infection, bone marrow malignancy, an 
iatrogenic cause, an immune deficiency, a metabolic 
disorder, an autoimmune disorder, or a congenital 
etiology leading to conduction of a more specific further 
investigation.

MATERIALS and METHODS
In this retrospective study, the data of seven cases 

followed between January 2014 and May 2021 with the 
diagnosis of Kostmann syndrome were retrieved from 
the patient files. The study was approved by the Mersin 
University Clinical Research Ethics Committee (approval 
number: 2022/715, date: 01.11.2022). The diagnosis was 
established based on an ANC of <500/mm³ persisting 
for more than 3 months and myeloid series maturation 
arrest in the bone marrow. In addition, molecular genetic 
analyses were requested from all patients for HAX-
1, ELANE, G6PC3, and CSF3R gene mutations so as to 
make a diagnosis of congenital neutropenia. Information 
concerning demographic and clinical characteristics of 
the patients (age, gender, consanguinity, family history, 
presenting symptoms, age at symptom onset, and at 
diagnosis, follow-up period, clinical and laboratory 
findings, and treatments used) were recorded.

Before making the final diagnosis, drug-induced 
neutropenia, infection-related neutropenia, immune 
deficiency, metabolic disorder, and malignancies 
were ruled out for all patients. All patients received 
prophylactic antibiotic therapy (trimethoprim-
sulfamethoxazole at a daily dose of 5 mg/kg). None 
of the patients received prophylactic G-CSF therapy; 
nevertheless, G-CSF was commenced at a daily dose of 
5-10 μcg/kg in the presence of fever or infection.

Statistical Analysis
ANC was obtained as part of complete blood 

count, which was measured using Sysmex XN-1000™ 
Hematology Analyzer (Sysmex America, Inc., Illinois, 
USA). Molecular genetic analysis for HAX-1 and ELANE 
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gene mutations was performed by polymerase chain 
reaction - based DNA line analysis.

RESULTS
Five male, and two patients were included in the 

study. The median age (91 months; range: 10-150 
months) and the median age at diagnosis (40 months; 
range: 2-81 months) were as indicated. All patients 
were born to consanguineous parents. Six of the seven 
cases had sibling history (there were three pairs of 
siblings excluding case 7). In three of these six patients, 
Kostmann syndrome was suspected based on the fact 
that their siblings had Kostmann syndrome, and then 

the diagnosis was confirmed with genetic testing. In 
all of these three patients, the parents had refused to 
undergo prenatal diagnostic tests. Presenting symptoms 
included recurrent skin abscesses, gingivostomatitis, 
recurrent upper and/or lower respiratory tract infections, 
lymphadenitis, and recurrent urinary tract infections 
(Table 1). Motor-mental retardation was detected in 
case 1, and urogenital system anomalies including 
ambiguous genitalia, cryptorchidism, hypospadias and 
bifid scrotum were detected in case 5. Molecular genetic 
analysis revealed homozygous HAX-1 mutation in all of 
the seven cases. Additionally, case 1 had homozygous 
KATNIP mutation (Table 1).

Table 1. Baseline demographic characteristics of the cases
Cases
#1 #2 #3 #4 #5 #6 #7

Age, months 39 135 10 78 91 150 121
Sex Male Male Female Male Male Male Female
Parental 
consanguinity + + + + + + +

Sibling history + + + + + + -

Presenting 
symptom

None. Screened 
because his 
sibling had 
Kostmann 
syndrome

Fever

None. 
Screened 
because her 
sibling had 
Kostmann 
syndrome

URTI Fever Fever Pneumonia

Age at 
diagnosis, 
months

3 2 2 52 53 81 40

Follow-up, 
months 36 133 8 26 38 69 81

Presence of 
an infection at 
diagnosis

+ + - + + - +

G-CSF 
prophylaxis - - - - - - -

Congenital 
anomalies

Motor mental 
retardation - - -

Ambiguous 
genitalia 
Cryptorchidism 
Hypospadias 
Bifid scrotum

- -

Molecular 
defects

HAX-1
c.130_131insA 
Homozygous 
KATNIP 
c.4120C>T(p.
Gln1374Ter) 
Homozygous

HAX-1
, c.130_131insA 
Homozygous;

HAX-1
c.130_131insA 
Homozygous

HAX-1
c.130_131insA 
Homozygous

HAX-1
c.130_131insA 
Homozygous

HAX-1
c.130_131insA 
Homozygous

HAX1 IVS1+1 
G>A(G.267 
G>A) 
Homozygous

Current survival 
status Alive Alive Alive Alive Alive Alive

Alive, 
lost to 
follow-up

G-CSF: Granulocyte-colony stimulating factor



31

 

Demir Gündoğan et al. Congenital Neutropenia

Overall, the patients were hospitalized for median 
11 (6-35) times over the median 38 (range 18-33)-month 
follow-up period. The most common cause of 
hospitalization was pneumonia (39.3%), followed by 
upper respiratory tract infection (19.6%) and prolonged 
diarrhea (15.4%). None of the patients developed sepsis 
or required intensive care (Table 2).

Mortality or malignancy was not encountered in the 
cases although none of them had received prophylactic 
G-CSF therapy.

DISCUSSION
SCN is a rare condition with underlying genetic 

mutations showing variabilities among ethnicities. For 
example, HAX-1 mutation accounts for nearly 11% of 
SCN cases in Europe, whereas this mutation has not 
been detected in the USA so far, where ELANE mutation 
is frequent. On the other hand, G6PC3 mutation was 
detected in 25% of the cases in Israel(12). In a study from 
Turkey, HAX-1 mutation was detected in 36% of the 
patients(13). All cases (100%) in the present study had 
homozygous HAX-1 mutation. 

HAX-1 protein, which is the main pathogenic factor 
in 15-20% of the cases with SCN, plays an important 
role in the maintenance of mitochondrial integrity. 
HAX-1 deficiency results in impaired mitochondrial 
membrane potential leading to 2-3 times higher than 
normal spontaneous programmed cell death rates of 
neutrophils(14). HAX-1 protein is synthesized not only in 
the hematopoietic cells but also in the fibroblasts and 
neuronal cells, therefore neurological involvement at 
varying levels is likely to occur in people who carry this 
mutation(14,15). This mutation should be considered when 
learning difficulty, developmental retardation, epilepsy, 
and neutropenia are seen in combination. Similar to 
the case presented by Patiroglu et al.(16), only one of our 

cases (case 1) had motor-mental retardation together 
with homozygous HAX-1 mutation. As a striking fact 
that motor-mental retardation was not detected either 
in the sibling or in the remaining five cases despite the 
presence of homozygous HAX-1 mutation. Motor-mental 
retardation in case 1 can be attributed to the presence 
of homozygous HAX-1 mutation accompanied by 
homozygous KATNIP mutation, which in the literature 
has been associated with Joubert syndrome. So, it would 
be reasonable to start the mutation analysis starting with 
HAX-1 gene and to continue with analyzing ELANE and 
G6PC3 genes if HAX-1 gene mutation was not detected. 
Since the percentage of consanguineous marriages is 
very high in Turkey, a sibling with negative result for 
genetic screening for HAX-1 gene mutation should be 
screened also for the other rare genetic mutations to 
arrive at a more precise conclusion.

In the literature, urogenital anomalies and SCN 
have been usually associated with G6PC3 mutation(17). 
Indeed, one of our cases (case 5) had urogenital 
system anomalies including ambiguous genitalia, 
cryptorchidism, hypospadias and bifid scrotum although 
he had homozygous HAX-1 mutation alone. In this case, 
further genetic examinations may identify additional 
genetic mutations.

Results of demographic surveys indicate that 
consanguinity is responsible for 22% of SCN cases 
in general. Given the higher rate of consanguineous 
marriages in Turkey, we can hypothesize that the 
prevalence of SCN is high in our country(18). In fact, in our 
series, all of the SCN cases were born to consanguineous 
parents and six of these seven cases had sibling history 
of SCN. As an important corollary, three of these six cases 
were suspected of having Kostmann syndrome based on 
the sibling history of the disease which was confirmed 
by diagnostic investigations. 

Table 2. Number of hospitalizations due to neutropenic infections over follow-up period
Case URTI UTI Pneumonia Oral aphtha Anal abscess AGE Total
#1 5 2 9 2 1 8 27
#2 5 3 12 8 - 7 35
#3 2 - 4 - - - 6
#4 3 - 6 - - 2 11
#5 2 4 2 - - 1 9
#6 3 - 8 - - - 11
#7 3 3 5 4 3 - 18
Total (n) 23 12 46 14 4 18 117
URTI: Upper respiratory tract infection, UTI: Urinary tract infection, AGE: Acute gastroenteritis
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Intrinsic stem cell defect is the main cause of SCN. 
Indeed, some studies have reported that mononuclear 
cells of the patients with Kostmann syndrome normally 
synthesize and secrete G-CSF, indicating that G-CSF 
deficiency is not the underlying defect in this syndrome, 
while scarce number of studies have argued the 
opposite(7,8). For example, Dong et al.(19) revealed the 
presence of a G-CSF receptor defect. In addition, a 
relationship was identified between the disease and 
HLA B12 gene.

Today, G-CSF therapy accounts for the substantial 
proportion of SCN treatment modalities leading to 
an increase in survival rates up to 80% as well as an 
improvement in the patient’s quality of life. However, 
sepsis-related mortality can be seen in approximately 
10% of the patients on G-CSF therapy maintained for 
more than 10 years(20).

In a multicenter phase III study of 123 SCN patients, 
the patients were divided into G-CSF -treated and 
placebo groups In that study, G-CSF therapy was 
associated with a nearly 50% decrease in the incidence 
and duration of infectious complications. Again, 
protocols recommend prophylactic G-CSF therapy so as 
to maintain ANCs between 1000-1500/mm3(3). Contrary 
to the recommendations, prophylactic G-CSF therapy 
was not commenced in any of the patients in the present 
case series. G-CSF therapy was given only in the presence 
of infection at a daily dose of 5-10 IU/kg to increase the 
ANC above 1500/mm3. Nevertheless, mortality was not 
observed in any of the patients throughout the follow-
up period, and all of them are still alive.

Despite the fact that sepsis-related mortality 
rates decrease with regular G-SCF and appropriate 
antibiotherapy if infectious complications develop in the 
SCN patients, the risk of developing MDS or AML during 
a 10-year follow-up period is reported to be 20%. MDS/
AML was reported in 16% of 374 patients registered in 
the Severe Chronic Neutropenia International Registry 
which was suggested to be a complication of underlying 
pathogenic mechanisms that became manifest during the 
prolonged patient survival rather than the direct effect of 
G-CSF therapy(11). However, the safety of long-term G-CSF 
therapy remains to be an important concern. In the present 
study, none of the patients developed AML or MDS during 
the median 38 (8-133)-month follow-up period.

CONCLUSION 
The diagnosis and differential diagnosis of SCN must 

be taken into account and ruled out in the patients 

presenting with recurrent unexplained infection and 
concurrent neutropenia particularly in countries 
such as Turkey where consanguineous marriages are 
common. It should be kept in mind that neutropenia-
related complications may have quite serious outcomes. 
Therefore, monitoring severe cases of neutropenia like 
Kostmann syndrome carries extreme importance. We 
believe that infection in SCN patients can be managed 
without resorting to prophylactic G-CSF therapy to 
minimize G-CSF-related side effects such as potential 
malignancies. It is critical to inform families about 
early predictive signs of infection and regular patient 
monitoring for prophylactic GCSF-free management of 
the disease.
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ABSTRACT
Objective: This study aims to evaluate the impact of prebiotic food consumption on sleep disturbance symptoms 
in children with and without asthma.
Method: This is a case-control study. Data were collected from 55 children with asthma and 70 children without 
asthma, aged 6 to 12 years. Data collection included the Sleep Disturbance Scale for Children (SDSC), Prebiotic 
Food Consumption Frequency Form, and Childhood Asthma Control Test. The asthma control level of children was 
determined by a pediatrician following the Global Initiative for Asthma’s guidelines.
Results: The average age of children with asthma was 9.16±3.11, while for children without asthma, it was 9.39±3.24. 
No significant differences were found between children with and without asthma in daytime napping, nighttime 
awakening, SDSC score, and daily prebiotic food consumption (p>0.05). It was observed that children with 
asthma used more prebiotic-enriched products than children without asthma (p<0.012). There was no significant 
difference in asthma control level, SDSC score, and prebiotic food consumption between children with and without 
asthma (p>0.05). Furthermore, no significant relationship was found between the SDSC score and prebiotic food 
consumption in children with and without asthma (p>0.05).
Conclusion: Prebiotic food consumption’s role in determining sleep disturbances and asthma control levels in 
children with asthma remains uncertain. Further research is needed on the use of prebiotics in children with 
asthma. 
Keywords: Asthma, sleep disorders, prebiotic food consumption, children, case-control studies

ÖZ
Amaç: Astımlı ve astımı olmayan çocuklarda prebiyotik besin tüketim durumunun uyku bozuklukları semptomları 
üzerine etkilerinin değerlendirilmesi amaçlandı.
Yöntem: Bu çalışma bir olgu kontrol çalışmasıdır. Çalışmada 6-12 yaş arasında olan, astım grubunda 55, kontrol 
grubunda ise 70 çocuğa ait veriler elde edildi. Verilerin elde edilmesinde Çocuklar için Uyku Bozuklukları Ölçeği 
(ÇUBÖ), Prebiyotik Besin Tüketim Sıklığı Formu ve Çocukluk Çağı Astım Kontrol Testinden yararlanıldı. Uzman 
bir pediatri doktoru tarafından Küresel Astım Girişimi kılavuzu doğrultusunda çocukların astım kontrol düzeyi 
belirlendi. 
Bulgular: Astım grubunda yer alan çocukların yaş ortalamasının 9,16±3,11, kontrol grubunda ise 9,39±3,24 olduğu 
saptandı. Astım ve kontrol grupları arasında gündüz uyuma ve gece uyanma durumu, ÇUBÖ puanı ve günlük 
prebiyotik besin tüketimi açısından farklılığın olmadığı belirlendi (p>0,05). Astım grubunda yer alan çocukların 
kontrol grubuna göre daha fazla prebiyotikle zenginleştirilmiş ürün kullandığı saptandı (p<0,012). Astım kontrol 
düzeyi ile ÇUBÖ puanı ve prebiyotik besin tüketimi açısından farklılığın olmadığı belirlendi (p>0,05). Hem astım 
hem de kontrol grubunda ÇUBÖ puanı ve prebiyotik besin tüketimi arasında anlamlı bir ilişkinin olmadığı tespit 
edildi (p>0,05).
Sonuç: Astımlı çocuklarda hem uyku bozuklukları hem de astım kontrol düzeyi üzerindeki etkisini belirlemede 
prebiyotik besin tüketiminin rolü belirsizdir. Astımlı çocuklarda prebiyotiklerin kullanımı ile ilgili daha fazla 
araştırmaya ihtiyaç duyulmaktadır. 
Anahtar kelimeler: Astım, uyku bozuklukları, prebiyotik besin tüketimi, çocuk, olgu-kontrol çalışması
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INTRODUCTION
Asthma, one of the most common chronic 

respiratory diseases in childhood(1), is characterized 
by airway obstruction and chronic inflammation of 
the bronchial mucosa. Asthma symptoms include 
wheezing, difficulty breathing, and nocturnal cough 
attacks(2). Asthma can lead to psychiatric issues in 
children(3) and adverse effects on cognitive functions 
and school performance(4). Additionally, children 
with asthma often experience sleep disturbances, 
primarily worsening at night(5,6). It has been observed 
that children who experience asthma symptoms more 
frequently tend to feel significantly more tired and 
sleepy during the day(6). Furthermore, children with 
asthma and/or allergic rhinitis are more likely to suffer 
from sleep disturbances than healthy children(7,8), 
especially when asthma is not well controlled(8,9). 
Inadequate sleep can exacerbate daytime asthma 
symptoms and decrease the overall quality of life for 
children with asthma(10).

Asthma control is paramount in improving the sleep 
quality of children with asthma, thereby enhancing their 
quality of life(8,9). As an environmental factor, nutrition is 
reported to impact sleep quality. Specifically, prebiotic 
foods, known as indigestible carbohydrates that enhance 
the colonization of beneficial microorganisms in the gut, 
are believed to positively affect asthma symptoms and 
sleep quality through gut composition modulation(11). 
Prebiotics offer several known health benefits and 
are thought to have a therapeutic effect on asthma 
parameters by reducing inflammation, particularly 
concerning asthma. Due to their beneficial effects on 
gut microbiota, prebiotics are considered to have a 
potential therapeutic role in asthma. A literature review 
revealed that prebiotics effectively suppress allergic 
and autoimmune responses, reduce allergic symptoms, 
and inhibit allergic airway responses in acute airway 
inflammation models(11-13).

Upon reviewing the relevant literature, it is evident 
that prebiotic food consumption could have an impact 
on sleep quality. The sleep quality of children with 
asthma is known to be influenced by asthma symptoms. 
In this context, the effect of prebiotic food consumption 
on the occurrence of sleep disturbance symptoms in 
children with asthma is contemplated. This study aims 
to assess the impact of prebiotic food consumption 
on sleep disturbance symptoms in children with and 
without asthma.

Research questions:

1. Is there a difference in sleep disturbance scale 
scores between children with and without asthma?

2. Is there a difference in prebiotic food consumption 
between children with and without asthma?

3. Is there a relationship between prebiotic food 
consumption and sleep disturbance symptoms in 
children without asthma? 

4. Is there a relationship between prebiotic food 
consumption and sleep disturbance symptoms in 
children with asthma?

5. Is there a difference in asthma control levels and 
sleep disturbance scale scores in children with asthma?

6. Is there a difference in asthma control levels and 
prebiotic food consumption in children with asthma?

MATERIALS and METHODS

Design, Setting, Population, and Sample Size
The research, designed as a case-control study, was 

conducted at the Karabük Education and Research 
Hospital Children’s Clinic with children aged 6-12 
and their mothers. The study population consisted of 
children aged 6-12 diagnosed with asthma or who came 
for well-child follow-up at the Karabük Education and 
Research Hospital Children’s Clinic during the study 
period, along with their mothers.

In the case group, the inclusion criteria for mothers 
were as follows: Being literate and providing written 
and verbal consent to participate in the research. For 
children, the criteria were as follows: being aged 6-12, 
having a diagnosis of asthma, and providing verbal 
consent to participate in the research.

In the control group, the inclusion criteria for mothers 
were as follows: being literate and providing written 
and verbal consent to participate in the research. For 
children, the criteria were as follows: being aged 6-12, not 
having a chronic illness, and providing verbal consent to 
participate in the research. The G*Power power analysis 
method determined that a minimum of 102 children, 51 
in the asthma group and 51 in the control group, were 
required to achieve 80% power, a medium effect size 
(d=0.50), and a significance level of α=0.05. Considering 
potential data loss, the study was completed with 125 
children, including 55 asthma patients and 70 controls.
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Measures and Tools
The participant information form (PIF) consists of 21 

questions generated by researchers in accordance with 
the literature, contains sociodemographic characteristics 
of parents and their children, height, and weight values, 
information about the children’s asthma diagnosis, and 
sleep habits(1,4-10,14).

Sleep Disturbance Scale for Children (SDSC) 
developed by Bruni et al.(15) in 1996, the SDSC is a 5-point 
Likert-type scale (1: Never - 5: Always) that investigates 
sleep disorders in children aged 6-16 that have occurred 
within the last six months. The Turkish validity and 
reliability of the scale were established by Ağadayı et 
al.(16). As a result, it was determined that the validity and 
reliability tests of the SDSC were at an acceptable level. 
The scale yields a minimum of 26 and a maximum of 
130 points. Higher scores are interpreted in favor of sleep 
disorders(16).

The frequency form of prebiotic food consumption 
was developed by a dietitian who is also one of the 
researchers, and it aligns with the existing literature(11-13). 
This form includes 25 foods exhibiting prebiotic 
properties, such as leeks, artichokes, Jerusalem, onions, 
and garlic. The form assesses how often and in what 
amounts children consume these foods with eight 
options: “every day”, “5-6 days a week”, “3-4 days a 
week”, “1-2 days a week”, “once every two weeks”, 
“once a month”, and “never”. Responses regarding 
food consumption frequency were calculated through 
frequency calculations (daily food consumption 
frequency = quantity/day). The amounts of food and 
beverage consumed were multiplied by “1” for “every 
day,” “0.7855” for “5-6 times a week,” “0.498” for “3-4 
times a week,” “0.2145” for “1-2 times a week,” “0.067” for 
“once every two weeks,” and “0.033” for “once a month” 
to obtain daily average amounts.

The researchers, including a specialist pediatrician, 
assessed the asthma control status according to Levels 
of Asthma Control by Global Initiative for Asthma (GINA) 
criteria, which encompassed daily symptom frequency, 
nocturnal symptoms, bronchodilator use, degree 
of limitation in daily activities, and lung functions. 
Following evaluation, individuals were classified as 
having controlled, partly controlled, or uncontrolled 
asthma(17).

Childhood Asthma Control Test (C-ACT) was 
developed in 2007 by Liu et al.(18). This scale aims to 
measure the levels of asthma control in children aged 

4-11. The Turkish validity and reliability study of the scale 
was conducted by Sekerel et al.(19). The scale consists 
of two parts. The first part includes four questions in a 
visual analog scale format with four pictorial options. 
These questions are posed to the child and are scored 
from 0 to 3. The remaining three questions are in a 
6-point Likert-type format. The parent should complete 
this part. Scores on the scale can range from 0 to 27. A 
cutoff point of 19 is used for the scale, where a score of 
19 or lower indicates that the child’s asthma is not under 
control(18,19).

Procedures
Prior to the implementation of data collection forms, 

mothers were provided with verbal and written informed 
consent forms explaining the objective of the research, 
data confidentiality, and their right to withdraw from the 
study at any time. Mothers who provided consent were 
included in the research. In addition, the children who 
participated in the study provided verbal consent.

Mothers of healthy children included in the control 
group completed the PIF, SDSC, and the “Prebiotic Food 
Consumption Frequency Form”.

Mothers of children with asthma in the case group 
completed the PIF, SDSC, “Prebiotic Food Consumption 
Frequency Form”, and the second part of the C-ACT, the 
parental section. The first part of the C-ACT, the child 
section, was completed by children with asthma under 
parental and researcher supervision. Subsequently, the 
pediatrician within the research team determined the 
level of asthma control according to Levels of Asthma 
Control by GINA based on the child’s examination 
findings. The assessments of asthma control levels made 
by parents and children were compared. The comparison 
revealed that assessments of asthma control levels by 
parents and children were consistent (Supplementary 
Table 1). The children’s weight and height information, 
as well as body mass index (BMI9) [(kg)/height(m2)] and 
z-scores, were calculated(20,21).

Ethical Considerations
The research was conducted following ethical 

principles outlined in the Helsinki Declaration. Prior 
to the study, necessary approvals were obtained from 
the Karabük University Non-Interventional Clinical 
Research Ethics Committee (decision no: 2022/816, 
date: 20.01.2022). Subsequently, institutional approval 
was obtained from the hospital where the study was 
conducted (protocol no: E-34771223-774.99). Participants 
were provided with written informed consent explaining 
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the purpose of the research, data confidentiality, 
the voluntary nature of participation, and the right 
to withdraw from the survey at any time, which was 
presented on the first page of the questionnaire.

Statistical Analysis

Data analysis was performed using IBM SPSS 27.0 
software. Descriptive variables were presented as 
number (n), percentage (%), mean (X), and standard 
deviation. Non-normally distributed data were described 
using median (M) and minimum-maximum values. Data 
normality was assessed through visual (histograms) 
and analytical (Kolmogorov-Smirnov) analysis. The 
chi-square test was employed to evaluate differences 
between categorical variables among groups.

Similarly, the independent t-test was used to assess 
differences between normally distributed continuous 
variables between the two groups. The Mann-Whitney 
U test was applied for non-normally distributed data. 
The One-Way ANOVA test was utilized to examine 
differences in continuous variables among more than 
two groups. All hypothesis tests were two-tailed, and 
p-values <0.05 were considered statistically significant.

RESULTS
The study determined that the average age of 

children in the asthma group was 9.16±3.11 years, while in 
the control group, it was 9.39±3.24 years. No significant 
differences were found when comparing the groups 
based on age, weight, height, and maternal age (p>0.05). 
While there was no significant difference in BMI values 
between the groups (p>0.05), the BMI z-scores in the 
asthma group were statistically significantly higher than 
those in the control group (p=0.029). Examination of 
maternal education levels revealed that 41.8% (n=23) of 
the asthma group and 42.9% (n=39) of the control group 
had attained a university-level education or higher. There 
were no statistically significant differences between 
the asthma and control groups in terms of maternal 
education level, socioeconomic status, daytime napping, 
and nighttime awakening (p>0.05) (Table 1).

When comparing the SDSC scores and daily 
prebiotic food consumption (total prebiotic food 
intake) between the asthma and control groups, no 
statistically significant differences were observed 
(p>0.05). However, it was found that the consumption 
of prebiotic-fortified products in the asthma group was 
statistically significantly higher than that in the control 
group (p=0.012) (Table 2).

Examination of the relationship between SDSC 
scores and daily prebiotic food consumption in both 
groups revealed no statistically significant differences 
(p>0.05) (Table 3).

When comparing asthma control levels with SDSC 
scores and daily prebiotic food consumption, no 
statistically significant differences were identified 
(p>0.05) (Table 4).

DISCUSSION
The initial findings of our study indicated that the 

SDSC scores of children with asthma were higher than 
those of children without asthma, albeit not significantly 
so. Similarly, there was no significant difference between 
the asthma and control groups regarding daytime 
napping and nighttime awakening frequency. In contrast 
to our findings, van Maanen et al.(6) reported that children 
with frequent asthma symptoms were more likely to 
experience daytime sleepiness/fatigue than children 
with seldom or no asthma symptoms. Urrutia-Pereira et 
al.(8) also found that children with asthma and/or allergic 
rhinitis exhibited more frequent sleep disturbances 
when compared to controls. Furthermore, no difference 
in asthma control levels and SDSC scores was observed 
in the current study. In the literature, several studies have 
shown that as the rate of asthma symptoms increases 
and asthma control worsens, sleep disturbances become 
more common. Suleyman et al.(14) reported decreased 
sleep duration and increased nocturnal awakenings in 
uncontrolled asthma.

Similarly, when children with well-controlled asthma 
or no asthma were compared to those with poorly 
controlled asthma, it was found that children with 
poorly controlled asthma had poorer sleep patterns, 
had more problems falling asleep, and had more sleep 
disruptions(22). Despite the absence of differences in 
sleep disturbances between our groups, the asthma 
group had a higher SDSC score with a borderline p-value 
of 0.50. This inconsistency with the literature is thought 
to be due to the smaller sample size of our study. Further, 
the literature suggests the presence of numerous factors 
in children, such as urban factors, that can affect sleep 
outcomes alongside asthma symptoms(23). It is assumed 
that unaccounted factors may have influenced the 
study’s outcomes.

Our study showed no difference in prebiotic food 
consumption between the asthma and control groups. 
Moreover, no difference was observed between asthma 
control levels and prebiotic food consumption. Wawryk-
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Gawda et al.(24) found that prebiotics and synbiotics 
effectively reduced asthma incidence in children in 
the first months after birth. Stokholm et al.(25) found 
that infants born via cesarean section had a greater 
risk of asthma in their sixth year of life, indicating that 
cesarean delivery impacted gut composition in the first 
year of life. Therefore, they emphasized the importance 
of the appropriate composition of gut bacteria in 
asthma prevention. Despite the absence of differences 
in prebiotic food consumption between groups in our 

study, it was determined that using prebiotic-enriched 
products was higher in children with asthma.

Furthermore, in our study, asthma and control groups 
exhibited homogeneity regarding socioeconomic status, 
maternal age, and education level. Thus, it is thought that 
this difference in the consumption of prebiotic-enriched 
products may be attributed to a higher inclination of 
mothers of children with asthma to resort to alternative 
methods due to the information they acquire during 

Table 1. Demographic and anthropometric characteristics of the children (n=125)
Asthma (n=55) Controls (n=70)
Mean ± SD/Median 
(min-max)a

Mean ± SD/Median  
(min-max)a p-value

Age (years)c 9.16±3.11 9.39±3.24 0.699
Body weight (kg)d 30.00 (17.0-100.0) 29.50 (19.0-95.0) 0.253
Body height (cm)d 132.00 (104.0-182.0) 129.50 (105.0-177.0) 0.560
BMI (kg/m2)c 19.91±4.83 18.57±4.12 0.098
BMI (z score)d 0.85 (-2.18-4.26) 0.30 (-5.57-3.41) 0.029b

Mother’s age (years)c 37.11±5.18 37.89±5.12 0.405
n (%) n (%)

Mother’s Educational Statuse

Primary school 9 (16.4) 6 (8.6)

0.599
Middle school 8 (14.5) 12 (17.1)
High school 15 (27.3) 122 (31.4)
University or higher 23 (41.8) 30 (42.9)
Socioeconomic statuse

Income less than expense 9 (16.4) 14 (20.0)
0.522Income equals expense 39 (70.9) 43 (61.4)

Income more than expenses 7 (12.7) 13 (18.6)
Daytime sleep statuse

Yes 7 (12.7) 6 (8.6)
0.450

No 48 (87.3) 64 (91.4)
Night waking conditione

Yes 24 (43.6) 26 (37.1)
0.462

No 31 (56.4) 44 (62.9)
aMean ± standard deviation (SD) was used in parametric tests and median [minimum-maximum (min-max] was used in non-parametric tests. bp<0.05. 
cStudent t-test used. dMann-Whitney U test used. eThe chi-square test used, min-max: Minimum-Maximum, BMI: Body mass index

Table 2. Comparison of asthma and control groups’ total prebiotic food intake and SDSC score (n=125)
Asthma (n=55) Controls (n=70)
Mean ± SD Mean ± SD p-valuea

The SDSC total score 43.09±10.33 39.72±8.63 0.050
Total prebiotic food intake (g/day) 529.40±281.12 519.43±288.23 0.721
Prebiotic fortified products (g)c 4.61±7.44 2.83±6.75 0.012b

aThe Independent t-test used. bp<0.05. cThe use of prebiotic fortified products was also included in the total prebiotic consumption, SDSC: Sleep 
Disturbance Scale for Children, SD: Standard deviation
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frequent doctor visits and the presence of asthma 
symptoms, compared to the control group. In the 
literature, some studies support the reduction of asthma 
or recurrent wheezing risk with early prebiotic use(26) and 
suggest that it has no effect on upper respiratory tract 
infections(27). The World Allergy Organisation’s guidelines 
on prebiotics in allergy prevention recommend 
prebiotic supplementation only for infants not receiving 
breast milk and no prebiotic supplementation for 
breastfed infants. However, both recommendations 
are based on very low-certainty evidence(28). Moreover, 
the relationship between prebiotic consumption and 
respiratory symptoms varies depending on the strain 
used and the duration of consumption(29). In conclusion, 
there is limited evidence to recommend prebiotic use 
for preventing and managing asthma in children, and 
better-designed studies are needed(30).

Our study did not reveal a relationship between 
prebiotic food consumption frequency and SDSC scores 
in the asthma and control groups. It is assumed that this 
is due to the influence of various variables affecting gut 
microbiota, such as sleep patterns, the immune system, 
the endocrine system, stress/anxiety, and environmental 
factors. A literature review did not yield any studies 
investigating the relationship between prebiotic 
consumption and sleep disorders in children with 
asthma. In line with the present study, a meta-analysis 
study reported that probiotic or prebiotic interventions 
did not significantly improve sleep quality, indicating a 
need for more evidence(31). In contrast to our study, recent 
years have seen increasing recognition of the critical role 
of bidirectional communication in the gut-brain axis in 

the etiology and pathogenesis of sleep disorders(32). In a 
randomized controlled study involving healthy infants, 
infants fed with prebiotic-enriched formula had shorter 
episodes of crying/restlessness and longer sleep onset 
durations than the control group(33).

Further, the literature has also examined the 
effects of prebiotics on sleep through various animal 
experiments. A study conducted by Bozorgmehr et al.(34) 

in mice reported that supplementation of human milk 
oligosaccharides, a prebiotic, had the potential to protect 
against the development of asthma in later life. Other 
animal experiments have also shown positive effects of 
prebiotics on sleep quality(35,36). However, well-structured 
randomized controlled trials are needed to understand 
better the relationship between prebiotic consumption 
and sleep disorders in children with asthma.

Practice Implications 

Prebiotic food consumption’s role in determining 
sleep disorders and asthma control levels in children 
with asthma remains unclear. The findings indicate the 
need for further research on the use of prebiotics in 
children with asthma. Positive interventions to improve 
sleep quality in children with asthma have been reported 
in the literature(1). In this context, multidisciplinary teams 
should plan comprehensive interventions for children 
and parents to improve sleep quality and prevent sleep 
disorders in children with asthma.

Study Limitation

One of our study’s strengths is that it is one of the first 
to investigate the relationship between sleep disorders 

Table 3. The relationship between asthma and control groups’ total prebiotic food intake and SDSC score (n=125)
Asthma (n=55) Controls (n=70)

SDSC Total prebiotic food 
intake (g/day) SDSC Total prebiotic food 

intake (g/day)

SDSC
r 1 1
p

Total prebiotic food intake (g/day)
r -0.114 1 -0.162 1
p 0.416 0.181

r: Pearson’s correlation coefficient, SDSC: Sleep Disturbance Scale for Children

Table 4. The association between total prebiotic food intake and SDSC score with the asthma control level (n=55)
Levels of asthma control by GINA
Controlled Partly controlled Uncontrolled p-value

The SDSC total scorea 41.00±9.89 42.75±13.62 43.29±10.33 0.948
Total prebiotic food intake (g/day)a 545.72±144.73 596.75±354.59 507.84±281.12 0.639
aOne-Way ANOVA, SDSC: Sleep Disturbance Scale for Children, GINA: Global Initiative for Asthma
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and prebiotic food consumption in children with 
asthma. Furthermore, the assessment of asthma control 
levels by both the pediatrician and the mother and child 
enhances the reliability of our study.

Study Limitation
Our study has several limitations. Firstly, other 

factors that can influence sleep patterns (such as stress/
anxiety, light, the endocrine system, etc.) could not be 
controlled due to the nature of the study. Additionally, 
the study was conducted only in children aged 6-12 
years and at a single center. The generalisability of the 
relationship between prebiotic food consumption and 
sleep disorders in children with asthma and other age 
groups is limited.

CONCLUSION
Sleep disorder symptoms are frequently observed in 

children with asthma. In recent years, the effectiveness 
of prebiotic consumption in improving sleep quality 
in children has been acknowledged. The results of this 
study contribute to the understanding of the relationship 
between sleep disorder symptoms and prebiotic food 
consumption in children with and without asthma. Our 
study discovered no differences between the asthma 
and control groups regarding sleep disorder scale scores 
and prebiotic food consumption. However, the use of 
prebiotic-enriched products was found to be higher in 
the asthma group. It was also determined that sleep 
disorder scale scores and prebiotic food consumption 
did not differ with asthma control levels.
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Supplementary Table 1. Parent-child and doctor ratings of the asthma control levels in children (n=55)
Levels of asthma control by GINA
Controlled Partly controlled Uncontrolled p-valuea

C-ACT C-ACT C-ACT

C-ACT
Controlled 1 (6.7) 2 (13.3) 12 (80.0)

0.526
Uncontrolled 1 (2.5) 10 (25.0) 29 (72.5)

aThe chi-square test used, C-ACT: Childhood Asthma Control Test, GINA: Global Initiative for Asthma
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ABSTRACT
Objective: Optic neuritis (ON) is a condition that causes vision loss usually in one eye, often due to multiple 
sclerosis (MS). In this study, we aim to examine the clinical course, diagnostic tests, and treatment outcomes of 
patients presenting with acute or subacute ON. 
Method: In this retrospective study, we examined the medical records of pediatric patients aged 3-18 years who 
were evaluated for acute ON in our neurology department between January 2015 and January 2021.
Results: Our study population of 18 participants consisted of female (55.6%), and male (44.4%) patients with an 
overall mean age of 13.8±2.3 years at admission. During the follow-up period, patients received the diagnosis of 
isolated ON (n=10), MS (n=7), and acute disseminated encephalomyelitis (n=1). The most common complaints at 
initial presentations were blurred vision and visual loss. ON was unilateral in 83.7% and bilateral in 16.7% of the 
patients. Color vision was initially impaired in 11 of 18 patients. Cranial magnetic resonance imaging (MRI), orbital 
MRI and spinal MRI revealed demyelinating lesions at different rates. 
Conclusion: It is crucial to consider ON as one of the potential causes of vision loss in patients. The possibility 
of other demyelinating diseases, including MS, which can be present or may develop in patients with ON either 
during the initial presentation or follow-up should be kept in mind. 
Keywords: Optic neuritis, demyelinating diseases, vision loss, children

ÖZ
Amaç: Optik nörit (ON) genellikle akut ve subaküt monooküler görme kaybına neden olan demiyelinizan 
bir hastalıktır. Yüksek oranda multiple skleroz (MS) ile ilişkilendirilmiştir. Bu çalışmada akut veya subaküt ON 
ile başvuran hastalardaki klinik seyir, yardımcı tanı testleri ve tedavi uygulamaları sonuçlarını değerlendirmeyi 
amaçladık. 
Yöntem: Bu çalışmada Ocak 2015-Ocak 2021 yılları arasında akut ON ile çocuk nöroloji bölümünde değerlendirilen 
3-18 yaş arası ON hastaların tıbbi kayıtları retrospektif olarak incelendi.
Bulgular: Çalışmamıza 18 hasta dahil edildi. Hastaların %55,6’sı kız, %44,4’ü erkekti. ON’nin ilk başlangıç yaşı 
ortalama 13,8±2,3 yıldı. Takip sürecinde hastalardan 10’u (%56) izole ON, 7’si (%39) MS, 1 hasta akut dissemine 
ensefalomiyelit (%5) tanısı aldı. Hastalarımızda ilk başvuruda en sık görülen şikayetler bulanık görme ve görme 
kaybıydı. ON hastaların %83,7’sinde (16 hasta) unilateral ve %16,7'sinde bilateral (2 hasta) idi. Görme alanı muayenesi 
yapılan 11 hastanın 10’un da başlangıçta görme alanı etkilenmişti. İncelenen 18 hastanın 11’inde başlangıçta renkli 
görmede bozulma mevcuttu. 
Sonuç: Çalışmamız neticesinde görme kaybı bulguları ile gelen hastalarda ON’nin ayırıcı tanılarda düşünülmesi 
gerektiği, bununla birlikte ON’li hastalarda ilk başvuru sırasında veya izlemlerde MS başta olmak üzere diğer 
demiyelinizan hastalıkların olabileceği veya gelişebileceği akılda tutulmalıdır. 
Anahtar kelimeler: Optik nörit, demiyelinizan hastalıklar, görme kaybı, çocuk
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INTRODUCTION
Optic neuritis (ON) is a condition that develops due 

to an inflammatory process involving the optic nerve. 
ON is among the most common causes of acute and 
subacute vision loss and can be characterized by many 
ophthalmic symptoms(1,2). The main features of ON can 
be listed as decreased visual acuity, visual field defects, 
dyschromatopsia (abnormal color vision, especially red 
color desaturation)(3). Since ON may be seen in many 
disease states, as a critically important issue, specific 
causes of ON should be identified at admission to 
prevent development of relapses and complications. 
An initial clinical history and detailed examination are 
required to narrow the list of differential diagnosis and 
make a diagnostic evaluation(4,5). Although ON is often 
considered an isolated pathology or a part of another 
disease, imaging exams, and laboratory tests still play 
a significant role in confirming its diagnosis(6). During 
follow-up, clinical progression, as well as changes in 
laboratory variables, can sometimes lead to a revision 
of the initial diagnosis of ON. Utilizing diagnostic tools 
is essential to aid in making the differential diagnosis of 
ON.

ON accounts for approximately 25% of acute 
demyelinating syndromes in children, with an annual 
incidence of 1-5 per 100,000 cases(1,7). ON is a medical 
condition that is commonly observed as an isolated 
idiopathic form in children. However, it may also be 
associated with acute or subacute demyelinating 
syndromes of the central nervous system, such as 
acute disseminated encephalomyelitis (ADEM), myelin 
oligodendrocyte glycoprotein antibody associated 
disease (MOGAD), multiple sclerosis (MS) and 
neuromyelitis optica (NMO). It has been observed that 
some patients initially diagnosed with isolated ON may 
eventually receive the final diagnosis of MS(8,9). However, 
there is not enough data available about pediatric 
ON in our country. Therefore, in this study, we have 
retrospectively evaluated pediatric patients with the 
diagnosis of acute ON. We examined the demographic 
characteristics, diagnoses, clinical findings, laboratory 
and imaging results, responses to treatment, and clinical 
follow-up of these patients to evaluate the clinical 
features of ON in pediatric patients and to emphasize 
the significance of follow-up and treatment.

MATERIALS and METHODS
A cohort study was conducted at the Pediatric 

Neurology Clinic of Manisa Celal Bayar University 
Faculty of Medicine. The study analyzed the data 

of all patients aged between 3 to 18 years who were 
admitted to the pediatric neurology service with 
suspected acute or subacute ON between January 
2015 and January 2021. The data were collected from 
electronic medical records available in a computerized 
database. The analysis only included cases that were 
diagnosed with ON by neuro-ophthalmologists. The 
cases were identified by the symptoms such as pain 
with eye movements and/or loss of vision lasting for 
a maximum of two weeks. Other diagnostic indicators 
included decreased color vision, abnormal visual field, 
relative afferent pupillary defect (RAPD), and optic 
disc swelling. ON affecting both eyes at the time of 
registration or developed within one month after 
admission was considered bilateral ON.

The study population consisted of patients who 
had received the diagnosis of ON and evaluated by a 
neuro-ophthalmologist. Participants with incomplete 
information regarding the diagnosis of ON, pathologies 
of the other eye that affected visual acuity, or any signs 
of a previously experienced ON were excluded from 
the study. The patient’s demographic data, clinical 
characteristics, treatment history, and discharge 
diagnosis were recorded upon admission. 

Any recurrent ON or new neurological conditions 
emerged during follow-up were documented. ON was 
interpreted as isolated ON or a condition associated 
with other demyelinating diseases. The diagnosis of 
idiopathic ON was made according to the current 
diagnostic methodologies used at the time of admission 
and during the follow-up period after excluding all other 
possible etiologies for ON. 

ON that occurs at least four weeks after the initial 
event associated with or without the presence of 
oligoclonal band (OCB) in the cerebrospinal fluid 
(CSF) samples of patients with normal cranial magnetic 
resonance imaging (MRI) findings but experienced at 
least two novel episodes is termed as recurrent ON(10,11). 
The diagnoses were made based on the current diagnostic 
criteria. MS-associated ON was defined according to the 
2017 revision of the McDonald diagnostic criteria for 
MS(12). The follow-up period was described as the time 
interval extending from the patients’ admission date to 
their last visit or the time elapsed during data collection.

All patients underwent initial examination by an 
experienced ophthalmologist, with periodic follow-
up appointments for patients under treatment. 
Furthermore, study participants underwent cranial and 
orbital MRI scans, which were evaluated for signs of ON, 
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location of the lesions and post-gadolinium contrast 
enhancement.

All patients received a comprehensive evaluation, 
including a complete blood count, serological 
analyses for the identification of infectious agents, and 
biochemical and immunological blood tests. In children 
who underwent lumbar puncture, biochemical and 
microbiological test results of CSF samples, the presence 
of OCB (if any) and calculated immunoglobulin G 
index were recorded. If Neuromyelitis Optica Spectrum 
Disorder (NMOSD) or MOGAD was suspected, AQP4 and 
anti-MOG levels were measured in peripheral blood 
serum during diagnostic process or follow-up. 

This study was approved by the institutional Ethics 
Review Board of Manisa Celal Bayar University (approval 
number: 386, date: 23.01.2023).

Statistical Analysis
The study analysed both quantitative and categorical 

data. The quantitative data was analysed using IBM SPSS 
Statistics 20 software program and presented as mean 
± standard deviation or median and range. Categorical 
data was presented as frequencies and percentages. The 
level of statistical significance was set at p<0.05.

RESULTS
A total of 18 patients diagnosed with ON were 

examined. Of them, 55.6% were girls and 44.4% were 
boys. None of them had a family history of ON or any 
demyelinating diseases. The average age at the first onset 
of ON was 13.8±2.3 (range 7-18) years. The follow-up 
period of the patients ranged from 7 days to 42 months. 
During the follow-up period, the patients received the 
diagnosis of isolated ON (n=10; 56%), MS (n=7; 39%), and 
ADEM (n=1; 5%) (Table 1). 

The most common complaints in our patients at first 
admission were vision problems such as blurred vision, 
vision loss, and pain at eye movements. In addition, 
patients complained of numbness in the hand (n=1), and 
headache (n=5). In our study, ON was unilateral in 16 
(83.7%) and bilateral in 2 (16.7%) patients) (Table 2). The 
initial visual examination was conducted on all of the 
study patients, and 16 patients underwent visual acuity 
testing. The tests revealed visual acuity of less than 0.5 
in 8 patients after correction. Additionally, visual field 
examinations were performed in 11 patients and in 10 of 
them the visual field was affected at baseline. Visual field 
examinations were maintained during follow-up period in 
only two patients. Their visual fields improved in the sixth 

and twelfth months, respectively. However, 10 patients did 
not receive a follow-up visual field examination. Baseline 
visual field examinations of 11 out of 18 patients revealed 
the presence of an impaired color vision.

In the neurological examination of our patients, in 
addition to eye findings, the patients had dysmetria 
(n=5), sensory loss (n=1), limited vision, (n=1) and 
abnormal pupillary reflexes (n=1). Our study found 
that 11 out of 14 patients who underwent visual evoked 
potential tests had prolonged central motor conduction 
times. In addition, we performed orbital MRI and cranial 
MRI on 16 patients, out of which optic nerve involvement 
was detected in 9 (56.2%) patients) who underwent 
orbital MRI. Lesions were found in 50% (n=8) of patients 
who underwent cranial MRI. Spinal MRI detected 
demyelinating lesions in 7, and spinal cord lesions in 3 
patients at presentation (Table 3). Analysis of the sera of 
14 patients to diagnose NMOS or to detect anti-MOG, 
AQP4 and anti-MOG antibodies yielded negative results. 
Elevated OCB type 2 and type 3 proteins were observed 
in 4 out of 6 patients who underwent CSF examination. 

In our study, we administered pulse 
methylprednisolone therapy to all patients as an attack 
treatment at daily doses of 20-30 mg/kg for 3-5 days. 
Oral steroid maintenance therapy was given to 8 patients 
for 4-6 weeks. While we achieved a complete clinical 
response in all patients, ON recurred, as expected, in 2 
patients who were initially diagnosed with MS. During 
clinical follow-up, visual symptoms improved within 
three days to one month (average ten days). Among 
the patients who returned for their follow-up visits, 
complete recovery was detected in the third month in 
10, and partial recovery in the sixth month in 3 patients. 
The remaining five patients with isolated ON did not 
come for control. When we reached them by phone, 
they had not reported any complaints.

DISCUSSION
Although pediatric ON typically causes reversible 

vision loss that usually occurs within hours to days, 

Table 1. Distribution of patients with optic neuritis 
according to disease groups
Disease group Number (%)
Patients with Isolated optic neuritis 10 (50)
Patients with MS 7 (39)
Patients with ADEM 1 (5)
Total 18 (100)
MS: Multiple sclerosis, ADEM: Acute disseminated encephalomyelitis
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it can lead to development of severe vision loss in 
some patients(1,13). A study conducted on the risk of MS 
development among patients with isolated ON observed 
that children with bilateral ON had a lower risk of 
developing MS(14). Recurrent ON is commonly associated 
with autoimmune or demyelinating diseases such as MS 
or NMOSD(15). ON is more common in women, with a 
female to male ratio of approximately 2:1 in postpubertal 
children, similar to adults. However, it is seen at equal 
incidence rates in prepubertal girls and boys(16-18). Due 
to the small number of patients in our study, pre- or 
postpubertal periods could not be evaluated separately, 
and the male-female ratio was 10/8. The average age at 
onset of pediatric ON varies between 9 to 11 years of age 
in the literature(19,20). Age range of our study population 

varied between 7 and 18 years, with an average age of 
13.8 years Children under 10 years of age are more likely 
to develop infectious optic neuropathies or isolated 
ON, while those older than ten years are more likely to 
develop MS(21). In adult patients, ON typically presents as 
retrobulbar neuritis, while papillitis is more frequently 
observed in children. In our study, 83.3% of the patients 
had retrobulbar neuritis, there were no abnormalities on 
fundoscopic examination at first admission, but color 
vision deficiency with/without RAPD was observed.

Pain with eye movement is a common symptom in 
pediatric cases, with reported prevalence rates ranging 
from 33% to 77%(22). Headache is also frequently reported. 
One study reported its prevalence as 53% in children(23) 
which may be due to children’s difficulty in distinguishing 
between pain behind the eyes and a headache. In our 
study, all patients in our ON cohort had vision loss at 
their initial visit, while 61.1% of them reported pain 
with eye movement, consistent with previous research. 
According to the study by Wilejto et al.,(23) 58% of cases 
of ON were unilateral and 42% of them were bilateral. 
Another study reported that bilateral involvement was 
more common. However, we found that approximately 
83% of our cases had unilateral ON(24-26). Various studies 
reported that visual acuity of children with ON recovers 
better compared to adult patients(24-26). All the patients 
initially experienced reduced vision. Eight (50%) out of 
16 patients evaluated for visual acuity had severe visual 
acuity of less than 0.5. However, during the follow-up 
period, the visual acuity of all patients, including those 
with MS, improved either fully or almost completely. 
We can interpret this high recovery rate in association 
with the low recurrence rates detected in our cases with 
isolated ON, scarce number of attacks of ON experienced 
by our cases with MS and failure to diagnose NMOS or 

Table 2. Sociodemographic and clinical characteristics 
of pediatric patients diagnosed with optic neuritis

n=18 (%)
Gender
Female 10 (55.6)
Male 8 (44.4)
Age at onset (year) 13.8±2.35 (7-18)
Follow-up, months, mean ± SD (range) 11.2±12.12 (1-42)
Relative afferent pupillary defect
Present 15 (83.3)
Absent  3 (16.7)
Painful eye movements
Present 11 (61.1)
Absent 7 (38.9)
Unilateral/bilateral 15 (83.3)/3 (16.7)
Visual evoked potential 
Normal 3 (21.4)
Abnormal 11 (78.6)
Oligoclonal bands in cerebrospinal fluid samples
Present 4 (57.1)
Absent 3 (42.9)
MOG IgG serum
Positive 0 (0)
Negative 14 (100)
AQP4-IgG serum
Positive 0 (0)
Negative 14 (100)
Relapse
Yes 3 (37.5)
No 5 (62.5)
SD: Standard deviation, IgG: Immunoglobulin G, MOG: Myelin 
oligodendrocyte glycoprotein, AQP4: Aquaporin-4

Table 3. Presence of demyelinating lesions detected by 
various neuroimaging techniques in pediatric patients 
with optic neuritis
Neuroimaging techniques Number (%)
Orbital MRI
Present 9 (56.3)
Absent 7 (43.8)
Cranial MRI
Present 8 (50)
Absent 5 (31.3)
Spinal MRI
Present 3 (20)
Absent 12 (80)
MRI: Magnetic resonance imaging
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anti-MOG-related diseases. Studies have found that ON 
has been reported as the presenting symptom in 25% of 
MS patients(27,28). Also, it has been observed that 13-50% 
of children who experienced their first attacks of ON are 
diagnosed with MS during follow-up(21,29,30). Furthermore, 
it has been reported that 38% of patients who presented 
with isolated ON were diagnosed with MS(13). 

A multicentre study conducted in our country found 
that cranial MRI abnormalities increased the risk of 
development of MS in female patients with unilateral 
ON older than 10 years(31). In our study, 5 of 7 MS patients 
received the diagnosis of MS during their first attack of 
ON. One patient was diagnosed with MS six months after 
the first attack of ON, and the other patient 14 months 
later. As a result, in our study, 38.9% of the patients who 
applied to the ON clinic received the final diagnosis of 
MS in compatible with the relevant literature data.

It has been reported that an OCB can be detected 
in neuroinflammatory conditions such as MS, 
paraneoplastic syndromes, NMO spectrum disorders, 
and infections such as herpesvirus encephalitis(32). We 
revealed the presence of OCB type 2 in CSF samples of 
6 out of 7 patients diagnosed with MS. It is important 
to monitor patients presenting to ON clinic with 
manifestations of the first attack of ON, as MS may be 
observed during follow-up of these patients.

According to Chang and Pineles(13) steroid treatment 
is usually effective in patients who develop MS, but it 
does not prevent its recurrence. For the treatment of 
acute ON, use of pulse steroids at daily doses of 20-30 
mg/kg for 3-5 days is recommended, and oral steroids 
should be taken for 4-6 weeks as a maintenance 
therapy. All patients in our cohort received pulse 
methylprednisolone treatment to relieve their attacks, 
and 8 more patients received oral steroid maintenance 
therapy. In our series, all five MS patients experienced a 
complete response, and only two of them had a relapse 
during follow-up.

Study Limitations
This study has several important limitations. 

Firstly, the limited number of patients evaluated 
in a retrospectively designed study performed in a 
single centre a prevents generalisation of our findings. 
However, the fact that our study was conducted at a 
single centre increased the availability of healthy and 
homogenous data. Furthermore, in several cases, visual 
field examinations were not conducted after discharge, 
which restricted our ability to provide comments on 

this issue. Prospectively designed studies with a larger 
number of patients diagnosed with ON and longer 
follow-up periods will provide valuable information 
about the course of the disease and the final diagnosis.

CONCLUSION
It is crucial to consider ON as a possible diagnosis for 

pediatric patients who experience symptoms such as 
vision loss, pain with eye movements, and blurred vision. 
Medical professionals should closely monitor these 
patients. The initial appearance of ON can be an isolated 
event or a sign of a demyelinating disorder linked with 
MS, NMOS, or anti-MOG. It is crucial to understand that 
even if these disorders were not detected during the 
first diagnosis of ON, they could still be identified during 
follow-up.
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ABSTRACT
Objective: Refraining from intake of allergic foods, chronic inflammation and immunosuppressive drug use are 
factors associated with anemia in atopic dermatitis (AD). In this study, we aimed to investigate the frequency of 
iron deficiency anemia (IDA) and comorbid risk factors affecting this frequency in children with AD.
Method: The medical records of 100 children aged 0-6 years with AD (patient group) and 100 healthy children 
of the same age group without AD (control group) were treated in Sivas Numune State Hospital from May 2019 to 
October 2019 were retrospectively analyzed.
Results: In our study, the frequency of AD in children with AD (15%) was significantly higher than in healthy children 
(5%) (p<0.001). Early-onset AD, increased SCORAD severity index scores, concomitant food sensitivities, especially 
multiple food sensitivities, asthma, skin infection, breastfeeding for more than 6 months and presence of multiple 
atopic conditions were associated with a higher frequency of AD in children with AD. However, hay fever, family 
history of atopy, exposure to cigarette smoke, large family size, consanguinity and parental socioeconomic status 
were not significantly associated with a higher prevalence of AD in children with AD.
Conclusion: The prevalence of AD was significantly higher in children with AD compared to healthy children. 
Therefore, improving clinicians’ self awareness of screening and monitoring for AD in children with AD is essential 
to minimize the burden of AD disease. More comprehensive further studies are needed to investigate the link 
between IDA and AD and relevant influencing factors 
Keywords: Atopic dermatitis, anemia, iron deficiency, children, risk factors

ÖZ
Amaç: Alerjik gıdalardan kaçınma, kronik enflamasyon ve immünsüpresif ilaç kullanımı atopik dermatitte (AD) 
anemi ile ilişkili faktörlerdir. Bu çalışmada AD’li çocuklarda demir eksikliği anemisi (DEA) sıklığını ve bu sıklığa etki 
eden komorbid risk faktörlerini araştırmayı amaçladık.
Yöntem: Mayıs 2019’dan Ekim 2019’a kadar Sivas Numune Devlet Hastanesi'nde 0-6 yaş arası AD’li 100 çocuk 
(hasta grubu) ve aynı yaş grubunda AD’si olmayan 100 sağlıklı çocuğun (kontrol grubu) tıbbi kayıtları geriye dönük 
olarak analiz edildi.
Bulgular: Çalışmamızda AD’li çocuklarda DEA sıklığı (%15), sağlıklı çocuklara (%5) göre anlamlı olarak yüksekti 
(p<0,001). AD’nin erken başlangıcı, artmış SCORAD şiddeti, eşlik eden gıda duyarlılığı, özellikle çoklu gıda 
duyarlılığı, astım, deri enfeksiyonu, 6 aydan uzun süre emzirme ve çoklu atopik hastalık tanısı, AD’li çocuklarda 
daha yüksek DEA sıklığı ile ilişkilendirildi. Oysa saman nezlesi, ailede atopi öyküsü, sigara dumanına maruz kalma, 
geniş aile büyüklüğü, akrabalık ve ebeveynlerin sosyoekonomik düzeyi, AD’li çocuklarda daha yüksek DEA sıklığı 
ile anlamlı bir şekilde bağlantılı değildi.
Sonuç: AD’li çocuklarda DEA prevalansı sağlıklı çocuklara göre anlamlı olarak yüksek bulundu. Bu nedenle, AD’li 
çocuklarda DEA için tarama ve izleme konusunda klinisyen farkındalığının artırılması, AD hastalık yükünün en 
aza indirilmesi için esastır. Gelecekte bu ilişkiyi ve etkileyen faktörleri araştırmak için daha kapsamlı çalışmalara 
ihtiyaç vardır.
Anahtar kelimeler: Atopik dermatit, anemi, demir eksikliği, çocuklar, risk faktörleri
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INTRODUCTION
Atopic dermatitis (AD) is one of the most common 

chronic inflammatory skin conditions with increasing 
incidence rates in childhood. AD worsens the quality of 
life for both the parent and child due to allergic (food 
allergy, asthma, allergic rhinitis etc) and non-allergic 
comorbidities such as skin infections, mental health 
disorders, and obesity. It may be possible to improve 
patient outcomes and lessen the costs and burdens 
related to these conditions by better understanding 
these non-allergic comorbidities(1,2). However, there is 
very little information about the links between AD and 
non-allergic conditions.

Iron deficiency anemia (IDA) is the most typical cause 
of childhood anemia and estimated to affect 20% to 25% 
of all preschool children worldwide, and up to 45% of 
children under the age of five in Turkey(3,4). As a result, 
IDA is a common and important health issue affecting 
children under the age of five, particularly in our country.

The relationship between allergic conditions and 
anemia has attracted more attention in recent years. 
and surprisingly a strong association between anemia 
and allergic diseases has been detected in patients even 
after making adjustments for patient’s confounding 
factors such as sex, prematurity, and obesity(5-9). 
Epidemiological studies in the US(5) and Korea(6-10) have 
shown that children with atopic conditions, including 
AD,(9) wheezing, and allergic rhinitis/conjunctivitis, 
are up to 8 times more likely to be anemic than those 
without allergies. Chronic inflammation and the use 
of immunosuppressive drugs, in addition to food 
restriction, were identified as contributing factors to 
increased risk of anemia. Furthermore, epidemiological 
studies have shown a link between allergy and low iron 
status, suggesting that immune activation under iron-
deficient conditions results in the expansion of Th2-cells 
rather than Th1 cells, so as to pave the way for allergic 
sensitization(9,11). Therefore, we carried out a comparative 
case-control study among young children aged 0-6 
years, to evaluate the incidence of IDA in children with 
and without AD in Sivas. 

MATERIALS and METHODS
This case-control study included 200 pediatric 

patients aged 0-6 years who applied to Sivas Numune 
Hospital between May 1 and October 1, 2019. Our 
patient population included 100 children diagnosed 
with AD, and the control group consisted of 100 
healthy children without any allergic disease. Power 

analysis was performed and the number of 100 cases 
each for the control and study groups was found to 
be sufficient. Retrospective analysis of the medical 
records, anamneses, and the results of physical exams 
of all pediatric patients was performed. Age, gender, 
socioeconomic status, personal and family histories of 
allergic diseases, and environmental risk factors like 
smoking exposure and large family sizes (more than five 
people living in one household) were noted. Results of 
the skin prick and serum-specific IgE tests were analyzed 
for the detection of individual sensitization patterns. 
The accompanying non-allergic (obesity, skin infections, 
etc.) and allergic (allergic rhinitis, asthma, food allergies, 
etc.) comorbid diseases were noted. The patients were 
grouped according to their age during the survey as 
follows: 0-2 years (infant) and 3-5 years (preschooler). 
The frequencies of IDA and risk factors associated with 
AD were analyzed and compared between the patient 
and the control groups. 

Definition and classification of AD: The diagnostic 
criteria for AD proposed by Hanifin and Rajka(12) were 
used. Severity of AD was categorized as mild to moderate, 
and severe using the SCORAD (SCOring AD) index(13).

Definition and classification of IDA: Laboratory tests 
for hemoglobin, mean corpuscular volume, ferritin, red 
cell distribution width, and transferrin saturation were 
performed using venous blood samples. The World 
Health Organization guidelines were used to define 
and categorize IDA(14). In IDA, erythrocyte counts, 
hemoglobin, hematocrit, mean erythrocyte volume, 
mean corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, serum ferritin and iron levels 
decrease, while red blood cell distribution width, and 
levels of free erythrocyte protoporphyrin and serum 
soluble transferrin receptor increase(14).

Exclusion criteria: We did not include children with 
C-reactive protein levels above 5 mg/dL so as to eliminate 
active inflammation or bacterial infection in our study. 
Patients with congenital anomalies, syndromic patients 
with metabolic and genetic disorders, premature babies 
born at ≤35 weeks of gestation, low birth weight (LBW) 
babies, cases with obesity, parasitic infections, history 
of intensive care unit and/or hospital stay due to a 
recent serious infection, immunosuppressive therapy, 
hereditary or acquired disorders affecting hemoglobin 
synthesis, malnutrition, infants breastfed for less than 4 
months, patients with neuromotor retardation, and other 
comorbid chronic diseases (kidney, cyanotic heart and 
lung diseases, cancer, immunodeficiency, and chronic 
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bowel diseases) were excluded from the study. A birth 
weight of <2.5 kg was considered to be LBW. Patients 
who had recently received iron therapy and blood 
transfusions as well as those who did not regularly take 
medications for iron prophylaxis, and those born from 
anemic mother were also excluded.

Statistical Analysis
The statistical analyses were performed by using 

IBM SPSS 22.0 statistical software package (SPSS, Inc., 
Chicago, IL, USA). A descriptive analysis was performed 
to examine the demographic features of the study 
population. The mean, median, standard deviation, 
or percentile (%) results were used to define variables 
including sex, age, presence of atopic diseases, use of 
inhalant allergens, etc. The Kruskal-Wallis or Pearson 
chi-square test -whichever is appropriate- was used to 
compare patient groups. The p-value <0.05 was regarded 
as the level of statistical significance. Power analysis was 
performed to determine the sample size.

RESULTS

Population Characteristics 
The study population consisted mainly of female 

infants in the patient (n=104; 52%), and the control (n=96; 
48%) groups with female/male ratios of 53/47, and 51/49, 
respectively. Median ages of the patient, and the control 
groups were 2.94, and 3.01 years, respectively. Children 
under the age of two made up the majority of cases in 
both the patient (62% of them) and the control (61%) 
groups. Any statistically significant difference was not 
noted between both groups in terms of demographic 
characteristics including gender, age, and age range at 

the time of study, socioeconomic status of the families, 
breastfeeding more than 6 months, family size, exposure 
to smoke and consanguinity. However, a significantly 
higher frequency of familial atopy was observed in the 
patient group (Table 1).

Comorbidities of Children with Atopic 
Dermatitis

According to the SCORAD scoring of severity of AD, 
our patients had severe (n=42; 42%), moderate (n=30; 
30%), and mild (n=28; 28%) AD. The most frequent 
allergic comorbidities in all patients with AD were food 
allergy (26%), allergic rhinitis (15%), followed by asthma 
(7%), and urticaria (5%). Sleep disturbance (31%), IDA 
(15%), skin infections (5%), and immunodeficiency (2%) 
were the most prevalent non-allergic comorbidities 
(Figure 1).

Association Between Iron Deficiency Anemia 
and Atopic Dermatitis

The frequency of IDA was statistically higher in 
the group of patients with AD (15%) compared to 
those without (5%) (p<0.001) (Figure 2). Mean serum 
hemoglobin levels in the patient and control groups 
were 10.9 g/dL vs. 12.5 g/dL between the ages of 0-2, 
and 12.3 g/dL vs 13.2 g/dL between the ages of 3-5 years, 
respectively. In both the patient and the control groups, 
the frequency of IDA in children aged 0-2 years was 
noticeably higher than that in children aged 3-5 years. 
When all of the study population was considered, the 
mean serum hemoglobin values of the patient, and the 
control groups were 11.4 g/dL, and 12.8 g/dL, respectively 
(Table 2). 

Table 1. Demographic characteristics of the study participants with (patient group) and without (control group) atopic 
dermatitis

Characteristics of patients
Patient group
(n=100)

Control group
(n=100)

p-value

Gender, female, n (%) 53 (53%) 51 (51%) 0.345
Median age during the study (year) 2.94 3.01 0.212
Age groups, n (%)
0-2 years
3-5 years

62 (62%)
38 (38%)

61 (61%)
39 (39%)

0.724

Low economic level, n (%) 32 (32%) 23 (23%) 0.855
Large family size, n (%), 38 (38%) 39 (39%) 0,895
Breastfeeding >6 month, n (%) 60 (60%) 64 (64%) 0.785
Exposure to smoke, n (%) 22 (22%) 32 (32%) 0.146
Family history of atopy, n (%) 49 (49%) 21 (21%) 0.025
Consanguinity, n (%) 13 (13%) 9 (9%) 0.456
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Iron Deficiency Anemia in Children with Atopic 
Dermatitis and Risk Factors

We also analysed the risk factors that may be related 
to the frequency of IDA in the children with AD. Gender, 
socioeconomic status, personal or family history of atopy, 
consanguinity, and large family size were not significant 
risk factors associated with the frequency of IDA in 
children with AD (the patient group) (Table 3). However, 
the frequency of IDA was found to be associated with 
the age of onset of symptoms before 2 years (early-onset 
AD), history of atopy except AD, having an increased 
SCORAD score, skin infections and breastfeeding more 
than 6 months (Table 3). While the median ages at the 
onset of AD in patients with and without IDA were 12, 
and 39.5 months respectively (Table 3).

There was no significant difference in terms of 
concomitant aeroallergen sensitization patterns 
between patients with AD and IDA (20.0%) and those 
without IDA (14.1%) (p=0.454). IDA, on the other hand, 
was strongly associated with food sensitization (53.3%, 
p=0.034) or multiple food allergen sensitization (26.7%, 
p=0.024). AD with and without IDA were compared in 

terms of concomitant allergic diseases (except AD). 
Patients with concomitant allergic diseases (80.0%, 
p<0.001), particularly asthmatics (26.7%, p<0.001) had 
significantly higher IDA rates. Although the patients 
with allergic rhinitis (20.0%) were more likely to have 
IDA when compared to patients without (14.1%), the 
correlation was not statistically significant (p=0.254). 
The frequency of IDA in patients with AD significantly 
increased with the increased number of accompanying 
atopic diseases (p=0.028) (Figure 3). Patients with one, 
and more than one atopic disease had IDA at frequencies 
of 26.7% and 53.3%, respectively (Figure 3).

DISCUSSION
Previous epidemiological studies have shown that 

people with allergic diseases are more likely to develop 
anemia(5-8,10,11). In our study, children with AD had a 
statistically significantly higher risk of IDA compared 
to healthy children even after making adjustments for 
patient’s confunding factors such as sex, prematurity, 
and obesity(5-8). Our findings have shown that higher 
frequency of IDA in children with AD was found to be 
associated with non-allergic and allergic comorbid 

Figure 1. The three most common comorbidities of children with atopic dermatitis: a) allergic comorbidities, b) non 
allergic comorbidities

Table 2. Distribution of Hb and IDA by age groups
Age groups Hb g/dL (mean) ± SD Hb g/dL min-max Study participants with IDA n (%)
0-2 years
Patient group
Control group

10.9±1.05
12.5±1.04

6.8-15
7.7-17

12 (19.3%)
4 (6.6%)

3-5 years
Patient group
Control group

12.3±1.14
13.2±1.02

6.9-17
7-18

3 (7.9%)
1 (2.6%)

Total
Patient group
Control group

11.4±1.08
12.8±1.03

6.8-17
7.7-18

15 (15%)
5 (5%)

IDA: Iron deficiency anemia, Hb: Hemoglobin, SD: Standard deviation, min-max: Minimum-maximum
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Figure 2. Distribution of iron deficiency anemia in children in the patient and control groups

Figure 3. Association between allergic comorbidities and IDA in children with atopic dermatitis
IDA: Iron deficiency anemia

Table 3. The risk factors associated with IDA in the patients with AD

Risk factors (patient group)
AD with IDA
(n=15, 100%)

AD without IDA
(n=85, 100%)

p-value

Female, n (%) 8 (53.3) 45 (52.9) 0.384

Age at onset of AD, median, month (25-75 percentil) 12 (2-41) 39.5 (13.7-72) 

Early- onset AD (<2 years) 12 (80.0) 40 (47.4) 0.024

Low economic level (household income) 8 (53.3) 48 (57.6) 0.392

Education level 8 (53.3) 47 (55.3) 0.495
Large family size 5 (33.3%) 33 (38.8%) 0.358

History of atopy (except AD) 12 (80.0) 43 (50.6) 0.028

Family history of atopy 7 (46.6) 42 (49.4) 0.457
Consanguinity 6 (40.0) 28 (32.9) 0.212
Severe AD 12 (80.0) 30 (35.3) <0.001
Skin infection 10 (66.6) 21 (24.7) <0.001
Breastfeeding >6 months 12 (80.0) 48 (57.6) 0.036
IDA: Iron deficiency anemia, AD: Atopic dermatitis
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diseases such as skin infections, asthma, food allergies 
with multiple food sensitization patterns, a relatively 
higher SCORAD score, early onset (<2 years) AD and 
breastfeeding for more than six months. Furthermore, 
we have observed that frequency of IDA increases 
significantly in children with AD who received diagnoses 
of multiple atopic diseases (allergic rhinitis, asthma, and 
dertmatitis etc.) as stated in previous studies(5-8). Since AD 
and IDA are two of the most common medical problems 
affecting children under the age of five, particularly in 
developing countries, our findings may contribute to 
better understanding of the connection between these 
two disorders in the pediatric population of Turkey.

The underlying mechanism of AD is multidimensional 
and includes intricate interactions among genetic 
disorders, epidermal barrier deficiencies, altered 
immune responses, and microbiome changes. 
Throughout its natural course, the disease exhibits a high 
degree of heterogeneity, and individual trajectories are 
unpredictable, with a wide range of comorbid allergic 
and non-allergic health disorders(15-17). IDA, on the other 
hand, is prevalent in both industrialized and developing 
nations, affecting up to 45% of children under the age of 
five in Turkey(4,18-20).

Despite growing interest in the relationship between 
anemia and atopic diseases in recent years, limited 
number of publications are available on this issue(5-10). 
Children with atopic diseases, including AD, food 
allergies, allergic rhinitis, asthma are more likely to 
develop IDA, according to studies conducted in Japan 
by Yang et al.,(6) in South Korea by Rhew et al.(7,8) and 
in Qatar by Bener et al.(21) In line with these pediatric 
studies, the above-mentioned South Korean study 
group found a similar link between atopic diseases and 
IDA in the general population(7). Furthermore, When 
Chang et al.(10) compared the prevalence of anemia in 
children with controlled asthma, they discovered that 
patients with uncontrolled asthma were more likely to 
experience anemia. The results of the present study are 
consistent with previously published data, revealing that 
IDA is more common in children with AD than in healthy 
children without any comorbid allergic diseases. In a 
2014 study performed in Sivas, the incidence rates of IDA 
were 8.1%, and 3.4% in children aged 1-3 and 4-6 years, 
respectively(20). According to the results of our study, the 
frequencies of IDA in the healthy group, and the group 
with AD were 6.6% vs. 19.3%, and 2.6% vs. 7.9% in the age 
groups of 0-2, and 3-5 years, respectively. Overall, the 
prevalence of IDA was statistically significantly higher in 
patients with AD (15%) than in control subjects without 

AD (5%). In line with earlier studies, our findings have 
also indicated that children who had more than one 
atopic disease had an increased frequency of IDA(5-7).

It is unclear exactly how allergic diseases increase the 
risk of IDA. As previously suggested in previous studies, 
chronic inflammation present in AD may be responsible 
for the increased risk of IDA in patients with allergic 
diseases(5-7). Inflammatory mediators have been shown 
to prevent differentiation of erythrocyte, shorten half-
life of erythroid cells, and suppress the response of 
erythropoietin to anemia leading to the development of 
anemia of inflammation (AI)(22). Proinflammatory factors 
like ferroportin, IL-1, IL-6, and TNF-like cytokines are 
released as a result of the inflammatory nature of atopic 
diseases. These cytokines stimulate the production 
of hepcidin in liver, which in turn inhibits duodenal 
absorption, and release of iron. Ferroportin also inhibits 
the release of iron. Anemia is consequently caused as 
a result of a decrease in the iron availability required 
by erythroid progenitor cells(22). Notably, both Drury 
et al.'s(5) and our study found that allergic rhinitis was 
not associated with anemia, whereas children with AD, 
asthma, and food allergies were more likely to develop 
IDA. Rhew et al.’s (7) research also showed the presence 
of a weaker but still statistically significant correlation 
between allergic rhinitis and anemia than that between 
other atopic diseases including asthma and AD. These 
findings suggest that there may be variations in the 
severity of inflammation in allergic diseases and systemic 
inflammation may exert varying effects on different atopic 
disease states. The increasing frequency of anemia, along 
with the number of allergic diseases and multiple food 
sensitivities, supports our theory that the inflammatory 
state of allergic diseases is linked to an increased risk of 
anemia. Additionally, the higher frequency of IDA in our 
study was also linked to the presence of early-onset AD, 
skin infection, and higher SCORAD index scores. These 
factors may have exacerbated the inflammatory effects 
of AD on outcomes and comorbidities. Skin infections 
that disrupt the skin barrier by lowering inflammatory 
threshold to haptens and irritants and activation of the 
innate immune system, which includes the production 
of inflammatory cytokines and chemokines(23). Increased 
SCORAD index scores signifying severe AD were linked 
to increased levels of inflammatory cytokins such as IL-
10, 1L-17, 1L-23(24). As a result, the increased frequency of 
IDA in children with allergic comorbidities like asthma 
and food allergies, as well as skin infections and higher 
SCORAD scores and early-onset AD may be explained 
by the fact that these conditions enhance the impact of 
systemic inflammation in children with AD.
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The use of systemic immunosuppressive drugs, 
malnutrition, obesity, and unbalanced food diet are the 
most frequently reported additional factors that may 
cause the IDA in children with AD(5,8). Immunosuppressive 
medications like methotrexate, cyclosporine, or steroids 
were utilized as a treatment for patients with moderate 
to severe atopic disease. These medications may lead 
to hematologic disorders, anemia, or bleeding(25). In 
our study, by excluding these confounding factors 
from our analysis, we have aimed to disregard obesity, 
and use of immunosuppressant drugs that can lead 
to anemia. In addition, children with food allergies 
who avoid suspected food products may suffer from a 
variety of nutrient deficiencies. According to studies that 
investigated nutritional consequences in food-allergic 
children, children with milk, soy, and wheat allergies were 
more likely to have insufficient intakes of zinc, vitamin B6 
and iron(26). In addition, the immune system may become 
activated due to a lack of micronutrients like iron, zinc, 
selenium, folate, and vitamins A, D, and C. This activation 
has the potential to exacerbate the situation, leading to 
anemia and chronic inflammation(27). Additionally, some 
studies have indicated that allergies may, at a molecular 
level, result in iron deficiency(11). In accordance with 
these studies, in our study, IDA was more frequently 
observed in children with AD who had food allergies, 
especially multiple food allergies. Therefore, nutritional 
interventions, such as patient or family education and 
developing a balanced diet, should be carefully planned 
to prevent unnecessary dietary restrictions.

After six months of life, breast milk is no longer 
sufficient to meet nutritional needs for energy and 
micronutrients (iron and zinc) because, five months after 
birth, the amount of nutrients in breast milk, including 
minerals, proteins, and vitamins, begins to decline. As a 
consequence, after four to six months of age, food intake 
should be initiated in combination with breastfeeding. 
Moreover, consuming a severely restricted range of 
meals or avoiding allergenic foods that are typically 
high in micronutrients can significantly decrease the 
micronutrient content of breast milk(28). In accordance 
with the findings of these studies, breastfeeding for more 
than 6 months was linked to a greater frequency of IDA 
in children with AD in our study. Therefore, physicians 
should offer comprehensive dietary counseling to 
mothers breastfeeding their children with AD.

Study Limitations
There are a number of limitations concerning our 

study. We have not directly evaluated AI because 

of its similarities to IDA. Second, the use of a small 
sample size and lack of a large dataset drawn from 
national healthcare assertions prevented us from 
comprehensively determining the relationship between 
atopic disease and IDA. The amount of iron present in 
the foods consumed by patients can not be evaluated 
and analysed statistically. A strength of this study is 
that this is one of the first studies conducted on Turkish 
children regarding this topic and many confounding 
factors (obesity, LBW, prematurity, breastfeeding less 
than four months, etc.) that can influence the frequency 
of IDA were excluded in our study.

CONCLUSION
In our study, children with AD had a statistically 

significantly increased risk of IDA compared to healthy 
children. The presence of non-allergic and allergic 
comorbid diseases like skin infections, asthma, and food 
allergies with multiple food sensitization patterns as well 
as having increased SCORAD scores indicating a severe 
form of AD and breastfeeding for more than 6 months 
were found to be associated with higher frequency of 
IDA in children with AD. Consequently, we emphasized 
the importance of increasing clinicians’ awareness and 
knowledge of IDA screening in children with AD in order 
to reduce disease burden, due to the elevated risk of 
adverse effects of IDA on development, growth, and 
quality of life.
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ABSTRACT
Objective: Neonatal sepsis is an important cause of neonatal mortality and morbidity, especially in low birth-
weight premature babies. This study aimed to examine the clinical and laboratory features of cases with culture-
positive neonatal sepsis.
Method: Medical records of 233 newborn infants with culture-positive sepsis among 4241 hospitalized patients 
between January 2013 and December 2017 were reviewed. Demographic and clinical data of these patients were 
retrospectively recorded.
Results: The majority of patients was extremely and moderately preterm infants (39.1% vs. 11.6%). These patients 
had a history of invasive mechanical ventilation (74.2%) or central catheterization (26.9%). The mostly isolated 
pathogens (56.2%) were Gram-negative bacteria, especially Klebsiella pneumoniae in 67 (28.8%) cases. Post-hoc 
test showed a statistically significant difference in the incidence rates of leukopenia between patients infected 
with Gram-positive, Gram-negative bacteria and fungi (12.3%, 16.8% and 17.2%, respectively) (p=0.021). Patients 
who developed leukopenia (n=36, 15.5%) had a higher mortality rate compared to those with leukocytosis (n=50, 
21.5%) (72.2% vs. 50%, p<0.001). The duration of total parenteral nutrition was found to be a significant risk factor 
in terms of mortality (p=0.015).
Conclusion: Prolonged parenteral nutrition is an important risk factor for mortality in low-birth weight newborns 
and those with sepsis. It is noteworthy that the mortality rate is higher in newborns with sepsis who developed 
leukopenia and neutropenia.
Keywords: Newborn, microorganism, risk factors, sepsis, prognosis

ÖZ
Amaç: Neonatal sepsis yenidoğanda, özellikle de düşük doğum ağırlıklı prematüre bebeklerde önemli bir 
mortalite ve morbidite nedenidir. Bu çalışmada kültür pozitif neonatal sepsisli hastaların klinik ve laboratuvar 
özelliklerinin araştırılması amaçlandı.
Yöntem: Ocak 2013 ile Aralık 2017 tarihleri arasında hastanemizde yatan 4241 hasta arasında kültür pozitif sepsis 
tanısı alan 233 yenidoğan bebeğin tıbbi kayıtları incelendi. Bu hastaların demografik ve klinik verileri geriye dönük 
olarak kaydedildi.
Bulgular: Hastaların çoğunluğunu ileri derecede ve orta derecede prematüre bebekler oluşturmaktaydı (%39,1 vs. 
%11,6). Bunların %74,2’sinde invaziv mekanik ventilasyon, %26,9’unda santral kateterizasyon öyküsü vardı. En çok 
izole edilen patojenler (%56,2) Gram-negatif bakteriler, özellikle Klebsiella pneumoniae (n=67, %28,8) idi. Post-
hoc analizi Gram-pozitif ve Gram-negatif bakteriler ile mantarlar arasında lökopeni yönünden istatistiksel olarak 
anlamlı bir fark olduğunu (sırasıyla %12,3, %16,8 ve %17,2) gösterdi (p=0,021). Lökopeni gelişen hastalarda (n=36, 
%15,5) ölüm oranı, lökositoz gelişen hastalara (n=50, %21,5) göre daha yüksekti (%72,2 vs. %50, p<0,001). Total 
parenteral beslenme süresinin mortalite açısından anlamlı risk faktörü olduğu belirlendi (p=0,015).
Sonuç: Uzun süreli parenteral beslenme, düşük doğum ağırlıklı ve septik yenidoğanlarda mortalite açısından 
önemli bir risk faktörüdür. Lökopeni ve nötropeni gelişen septik yenidoğanlarda ölüm oranının daha yüksek olması 
dikkat çekicidir.
Anahtar kelimeler: Yenidoğan, mikroorganizma, risk faktörleri, sepsis, prognoz
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INTRODUCTION
Neonatal sepsis is a clinical syndrome characterized 

by systemic symptoms and signs of infection in the first 
month of life, whether or not a specific microorganism 
was isolated in blood culture(1). It has incidence rates 
ranging from 15/1000 to 49-170/1000, especially in very- 
low- birth-weight infants (VLBW) (<1500 g). Although 
perinatal and neonatal care has been improved thanks 
to recent medical and technological advances, many 
challenges still remain in the diagnosis and management 
of neonatal infections. Diagnosis of neonatal sepsis is 
difficult in some cases, particularly in preterm infants, 
because of the prevalence of sepsis-like non-infectious 
conditions and the lack of optimal diagnostic tests. These 
conditions will cause unnecessary use of both broad-
spectrum antibiotics and prolonged treatment with 
empirical antibiotics which is associated with adverse 
outcomes and increase in antimicrobial resistance 
rates(2,3).

Neonatal sepsis is one of the leading causes of 
neonatal mortality and an important public health 
problem, especially in developing countries. According 
to the estimates made by the World Health Organization 
for 195 countries, neonatal bacterial infections cause 
the death of approximately 680,000 newborns, which 
corresponds nearly one quarter of all neonatal deaths(4). 
Given the higher incidence and mortality rates of 
neonatal sepsis, especially in preterm infants, and its 
long-term consequences on growth and development, 
efforts to reduce infection rates in this vulnerable 
population appear to be one of the most important 
interventions in neonatal care. Therefore, in order to 
draw attention to the importance of neonatal sepsis, 
this retrospective study was conducted to examine the 
incidence, risk factors, clinical and laboratory features 
of culture-positive cases with neonatal sepsis that were 
referred to a tertiary neonatal intensive care unit (NICU) 
over four years, and the effects of clinical and laboratory 
parameters as well as the given treatments on mortality 
and morbidity.

MATERIALS and METHODS
Before starting the study, study approval was 

obtained from the Ethics Committee of Fırat University 
(decision no: 03, date: 19.01.2016). Among 241 newborns 
hospitalized in the Medical Faculty Hospital NICU of 
Fırat University between January 1, 2013 and December 
31, 2017, 233, infants diagnosed with culture-positive 
sepsis were included in the study. Demographic 
data (gestational age, birth weight, gender, mode of 

delivery, Apgar scores), invasive procedures (tube 
thoracostomies, peripheral insertion of central venous 
catheters, umbilical catheterization and mechanical 
ventilation), and surgical procedures performed, length 
of hospitalization, duration of parenteral nutrition, 
laboratory test results [complete blood count, C-reactive 
protein, cerebrospinal fluid (CSF) analyzes, if any], reports 
of diagnostic imaging modalities (echocardiography, 
transfontanelle and abdominal ultrasonography, and 
cranial magnetic resonance imaging), complications and 
patient outcomes were evaluated retrospectively.

Patients with suspected sepsis were evaluated 
according to the “Töllner sepsis scoring system”. 
Accordingly, <5 points were evaluated as “no suspected 
sepsis”, 5-10 points as “suspected sepsis” and ≥10 points 
as “probable sepsis”(5). Among the cases with “probable 
sepsis”, the patients were considered to have “clinical 
sepsis” and “culture-positive sepsis” if a causative 
agent could not, and could be isolated in their blood 
cultures, respectively(6). Isolation of coagulase-negative 
streptococci (CoNS) was accepted as contamination, 
except in cases of clinical sepsis characterized by 
symptoms of hyperthermia, hypothermia, apnea, or 
bradycardia and also excluding patients whose two 
or multiple blood cultures obtained during the same 
study period demonstrated growth of CoNS on separate 
occasions or patients with an intravascular line whose at 
least one blood culture revealed the presence of CoNS 
despite appropriate antibiotherapy, as well(7) .

According to the onset time of neonatal sepsis, 
early-onset neonatal sepsis (EOS) was defined as 
sepsis occurring at ≤72 h of life and late-onset sepsis 
(LOS) was defined as sepsis occurring 72 h after birth. 
In accordance with our treatment protocol of our unit, 
until the antibiogram results were obtained, empirical 
antibiotherapy was started with ampicillin + amikacin 
(or gentamicin) for patients with suspected EOS, while 
vancomycin + amikacin (or ceftazidime) was used as 
initial antibiotherapy for cases with suspected LOS(8).

Preterm birth refers to all deliveries occurring before 
370/7 gestational weeks; and extremely preterm (<28 
weeks), very preterm (28+0/7 -31+6/7 weeks), moderately 
preterm (32+0/7-33+6/7 weeks), and late preterm births 
(34+0/7-36+6/7 weeks) are classified as preterm births. 
Term births refer to deliveries occurred between 37+0/7-
42+0/7 gestational weeks, and post-term births refer to 
any delivery occurring after 42+0/7 gestational weeks. 
According to the weight of a baby at birth, birth weights 
<1000 g was defined as extremely low birth-weight 
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(ELBW), 1000-1500 g as very low birth-weight (VLBW), 
1500-2500 as low birth-weight (LBW), and >2500 g as 
normal birth-weight (NBW)(9,10).

Hemoglobin (Hb) levels lower than the normal 
range for birth weight and postnatal age were defined 
as “anemia”(11). Platelet counts <150.000/mm3, and 
>450.000/mm3 were defined as thrombocytopenia “and 
thrombocytosis, respectively(12). White blood cell (WBC) 
counts of 6.000-30.000/mm3 in the first 24 hours of life 
and 5.000-20.000/mm3 in the postnatal >3 days were 
considered to be within normal range(13). Neutropenia 
was defined as an absolute neutrophil count (ANC) 
below 1.5×109/L (1500/mm3)(14).

Bronchopulmonary dysplasia was defined as the 
condition where the oxygen requirement still continues 
at the postconceptional 36th week or during discharge in 
babies with a gestational age of <32 weeks, and between 
the postnatal 28-56th days in babies with a >32-week 
gestational age or at discharge(15). Patients with suspected 
necrotizing enterocolitis were evaluated according to 
the Modified Bell staging(16). In addition, patients were 
screened for retinopathy of prematurity at appropriate 
postconceptional weeks(17).

Prelabor rupture of the membranes (PROM) refers 
to rupture of the fetal membranes prior to the onset of 
regular uterine contractions. It may occur at term (≥37+0 
gestational weeks) or preterm (<37+0 gestational weeks) 
(preterm PROM)(18).

Complete blood count analysis was performed 
with the ADVIA 2120i analyzer (Siemens AG, Erlangen, 
Germany). Approximately 0.5-1 mL of venous blood 
sample was inoculated into pediatric BACTEC culture 
media which was placed in the oven of the BACTEC 
9240 hemoculture device (Becton Dickinson, USA). The 
samples were checked for bacterial growth every day. 
Antibiotic susceptibility tests were performed for the 
isolated microorganisms. The culture media kept in an 
oven for at least 7 days without any growth of pathogenic 
microorganism was considered to be culture negative. 
Micro-C-reactive protein (CRP) measurements were 
made using the QuikRead go® instant diagnostic system 
(Orion, Finland) installed in our unit.

Statistical Analysis
For data analysis, the 22.0 version of the SPSS for 

Windows; statistical software program was used. Data 
were shown as mean ± standard deviation for normally 
distributed data, and median (maximum and minimum) 
values for non-normally distributed continuous variables, 

while nominal variables were expressed as numbers 
(n), and percentages (%). Student’s t-test was used to 
compare mean, and Mann-Whitney U test to compare 
median values, while for the comparison of percentage 
values chi-square test was employed. Non-parametric 
multiple comparison tests included in one-way analysis 
of variance (ANOVA) were used to determine the 
conditions that caused the difference between groups. 
A p-value <0.05 was considered statistically significant.

RESULTS
A total of 4241 patients were hospitalized in the NICU 

of our hospital during the study period. Accordingly, 
the prevalence of blood culture-positive neonatal 
sepsis was calculated as 5.5 percent. The majority of the 
patients (67.8%) were low birth-weight babies. The mean 
birth-weight was 1999.72±905.41 g (range, 550 g-4200 
g). According to the gestational age, the majority of the 
patients were extremely/very preterm and moderately 
preterm infants (39.1% vs. 11.6%). The mean gestational age 
of the patients was 33.13±4.67 weeks (range, 24-42 weeks).

The median 5th minute Apgar score was 8 in 171 
patients whose data could be obtained from their 
medical records. There was no significant difference 
between EOS and LOS cases in terms of median 
Apgar scores. Respiratory distress syndrome (RDS) 
was present in 19 (22%) cases with EOS and 47 (31.9%) 
cases with LOS. The mean duration of total parenteral 
nutrition (TPN) was 15.3±14.63 days (range, 0-85 days). 
Cardiac pathology was detected on echocardiography 
in 76 (32.6%) patients. Main cardiac defects were patent 
ductus arteriosus (PDA) (n=51, 67.1%), ventricular septal 
defect (n=14, 18.4%), atrial septal defect (n=7, 9.2%) and 
atrioventricular septal defect (n=4, 5.3%). Medical PDA 
closure treatment was applied to 21 (41.2%) of those 
patients diagnosed with PDA. Demographic and clinical 
characteristics of the patients are summarized in Table 1.

Table 1. Demographic and clinical characteristics of the 
patients
Gender n (%)
Male 125 (53.6) 
Female 108 (46.4)
Type of birth n (%)
Cesarean section 172 (73.8)
NSVY 61 (26.2)
Gestational age n (%)
Extremely/very preterm babies 91 (39.1)
Moderately preterm babies 27 (11.6)
Late preterm babies 39 (16.7)
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The most common pathogens in blood culture were 
Gram-negative bacteria (n=131, 56.2%), Gram-positive 
bacteria (n=73, 31.3%), and fungi (n=29, 12.4%). The most 
common pathogens in both EOS and LOS cases were 
Gram-negative bacteria (61.6% vs. 53.1%). There was no 
statistically significant difference between the cases 
with EOS and LOS in terms of distribution of causative 
pathogens including Gram-positive bacteria and fungal 
strains (p=0.453). The most common pathogens in blood 
cultures of patients diagnosed with neonatal sepsis was 
K. pneumoniae (n=67, 28.8%). Causative pathogens 
isolated from blood cultures of the septic patients are 
given in Table 2. Of the patients with accompanying 
meningitis, 2 (33.3%) had EOS and 4 (66.6%) had LOS. 
There was no statistically significant difference between 
the cases with EOS and LOS in terms of accompanying 
meningitis (p=0.458). The most commonly isolated 
pathogen in CSF culture media was K. pneumoniae 
(50%). Similarly, K. pneumoniae was isolated most 
frequently (30%) in urine cultures, (30%), and 10 (4.3%) 
patients with positive urine cultures were considered to 
have urosepsis.

The mean total WBC count of the patients was 
12.350±9.067/mm3 (range, 600-57.790/mm3). Gram-
positive bacteria (12.3%), Gram-negative bacteria (16.8%) 
and fungi (17.2%) caused leukopenia in respective 
percentages of patients, and the post-hoc test revealed 
the presence of a statistically significant difference 
between them (p=0.021). Twenty-six (72.2%) out of 36 

Table 1. Continued
Gestational age n (%)
Early term babies 9 (3.9)
Full-term babies 66 (28.3)
Post-term babies 1 (0.4)
Birth weight n (%)
Normal birth-weight babies 75 (32.2)
Low birth-weight babies 73 (31.3)
Very- low- birth-weight babies 50 (21.5)
Extremely low- birth-weight babies 35 (15)
Onset time of neonatal sepsis n (%)
Early-onset neonatal sepsis 86 (36.9)
PROM 20/86 (23.3)
Late-onset neonatal sepsis 147 (63.1)
Respiratory distress syndrome n (%)
Yes 66 (28.3)
Mechanical ventilation n (%)
Invasive 173 (74.2)
Non-invasive 21 (9.1)
Thoracic tube insertion n (%)
Yes 15 (6.4)
Surgical operation n (%)
Yes 15 (6.4)
Central catheterization n (%)
Yes 58 (24.9)
TPN n (%)
Yes 211 (90.6)
Lumbar puncture n (%)
Yes 27 (11.6)
Meningitis 6/27 (22.2)
Complications n (%) 
Hydrocephalus 17 (7.3) 
ARF 12 (5.2)
Cholestasis 11 (4.7)
PVL 9 (3.9)
GMH 8 (3.4)
NEC 8 (3.4)
BPD 7 (3)
Outcomes n (%)
Survival without sequelae 107 (45.9)
Death 102 (43.8)
Survival with sequelae 24 (10.3)
NSVY: Normal spontaneous vaginal delivery, PROM: Prelabor 
rupture of the membranes(18), ARF: Acute renal failure, PVL: 
Periventricular leukomalacia, GMH: Germinal matrix hemorrhage, 
BPD: Bronchopulmonary dysplasia, NEC: Necrotizing enterocolitis 

Table 2. Causative pathogens isolated from blood 
cultures
Pathogens causing infection n %
Klebsiella pneumoniae 67 28.8
Acinetobacter baumannii 32 13.7
CoNS 31 13.3
Staphylococcus haemolyticus 24 10.3
Escherichia coli 18 7.7
Candida parapsilosis 16 6.9
Candida albicans 13 5.6
Serratia marcescens 11 4.7
Streptococcus pneumoniae 11 4.7
MRSA 5 2.1
Stenotrophomonas maltophilia 3 1.3
Pseudomonas aeruginosa 1 0.4
Proteus mirabilis 1 0.4
Total 233 100
CoNS: Coagulase-negative staphylococci, MRSA: Methicillin-resistant 
S. aureus
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(15.5%) patients with leukopenia, and half of the patients 
with leukocytosis (n=50, 21.5%) died, with a statistically 
significant difference between groups regarding 
mortality rates (p=0.001).

The mean ANC was 5.620±6.758/mm3 (range, 90-
48.270/mm3). Gram-positive bacteria (17.8%), Gram-
negative bacteria (19.1%), and fungi (24.1%) caused 
neutropenia in indicated percentages of patients, 
without any statistically significant difference between 
them (p=0.762). Stenotrophomonas maltophilia was 
the leading (100%) cause of neutropenia among all 
pathogens. Twenty-five (60%) out of 45 (19.3%) patients 
with neutropenia died (p=0.024). Accordingly, 70.6% 
of the infants who died due to sepsis developed 
neutropenia (p=0.003).

The mean platelet count of the patients was 
132.000±195.676/mm3 (range, 6000-1.190.000 mm3). 
Gram-positive (42.5%), Gram-negative bacteria (58%), 
and fungal agents (65.5%) caused thrombocytopenia in 
indicated percentages of patients without any statistically 
significant difference between them in this respect 
(p=0.094). Most frequently, fungal agents (65.5%) caused 
neonatal sepsis, and among them the leading pathogen 
was Candida parapsilosis in 87.5% of the cases. However, 
Serratia marcescens (90.9%) was the leading cause of 
thrombocytopenia among all pathogens. Accordingly, a 
statistically significant difference was detected between 
Serratia marcescens and other pathogens in this regard 
(p=0.01). The mean platelet counts of patients with 
sepsis due to Serratia marcescens was 56.860/mm3. In 
addition, among Gram-positive bacteria, most frequently 
thrombocytopenia was found in cases infected with 
Streptococcus pneumoniae (50%).

The mean Hb value of the septic newborn was 
11.4±3.35 g/dL (range, 5.4-22 g/dL), while in 188 (80.7%) 
patients priorly CRP-positivity was detected.

The mean age at diagnosis of sepsis was 17.24±16.4 
days (range, 0-85 days). Most of the patients (n=210, 
90.1%) had used antibiotherapy before the development 
of sepsis and while 23 (9.9%) patients had not. The mean 
duration of antibiotherapy during sepsis attack was 
22.5±12.5 days (range, 1-65 days). The mean total hospital 
stay was 39.3±32.1 days. Any statistically significant 
difference was not detected between patients infected 
with Gram-positive, Gram-negative bacteria and fungi in 
terms of length of hospital stay (110.53, 118.06 and 128.48 
days, respectively), (p=0.461).

Mortality rates among ELBW (n=24; 68.6%) VLBW 
(n=27; 54%), LBW (n=22; 30.1%), and NBW (n=29; 38.6%) 
infants were also estimated. Post-hoc tests showed a 
statistically significant difference between birth weights 
and mortality rates. Mortality rates were significantly 
higher in patients with ELBW and VLBW infants than in 
LBW and NBW infants (p=0.02).

Mortality rates according to gestational ages were 
58.2% (n=53) in extremely/very preterm, 25.9% (n=7) in 
moderately preterm, 38.5% (n=15) in late preterm, 22.2% 
(n=2) in early term and 37.3% (n=25) in term infants. 
The impact of gestational age on mortality rates was 
not statistically significant (p=0.062). Similarly, there 
was no statistically significant difference in mortality 
rates between patients with and without RDS (p=0.32). 
In addition, average mortality rate was statistically 
significantly higher (n=13, 61.9%) in patients who 
underwent medical PDA closure (p=0.036).

The mortality rate was statistically significantly higher 
(70%) in patients who had central venous catheter 
(p=0.01). The total duration of TPN in patients who 
died due to sepsis (n=102) was 16.48±15.7 days (range, 
0-85 days), while it was 14.38±13.7 days (range, 0-65) in 
survivors (n=131) (p=0.015).

Sixty (45.8%) patients with Gram-negative, 24 (32.9%) 
patients with Gram-positive, and 18 (62.1%) patients 
with fungal sepsis died (p=0.094). However, among 
pathogenic agents, Candida parapsilosis was associated 
with the highest mortality rate (68.8%). Congenital 
anomalies were detected in 25 (24.5%) of the deceased 
patients.

Cranial MR images obtained in 173 (74.2%) patients, 
were unremarkable only in 129 (74.6%) cases, while 
pathological findings were reported for the remaining 44 
cases (Table 1). Since the data related to the hearing test 
results could not be found in the medical records, it was 
not possible to conclude how many patients developed 
hearing loss in total. Unfortunately, the hearing test 
(audiogram) results of all patients could not be obtained.

DISCUSSION
Neonatal sepsis continues to be an important cause 

of mortality and morbidity among newborn infants. High 
incidence rates ranging from 1-5/1000 to 49-170/1000 
have been reported, especially among LBW infants(3). 
Getabelew et al.(19) reported a very high prevalence 
(77.9%) of “probable sepsis” in Ethiopia. In Taiwan, which 
is a developing country, its prevalence was reported as 
3-9.3% in previous years(20,21). Hacımustafaoğlu et al.(22) 
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reported the prevalence of culture-positive nosocomial 
sepsis as 12% in Turkey. As can be seen, prevalence 
rates between countries, and NICUs are highly variable 
according to the development level of the countries. 
We speculate that the low prevalence rate of neonatal 
sepsis (5.5%) in our study is a result of good compliance 
of our patients with infection control measures.

Inverse relationships existed between gestational 
age, birth weight, mortality and morbidity. As the 
gestational age and birth weight decrease, the incidence 
of neonatal sepsis increases inversely. In their study, 
Harris and Goldman(23) reported the incidence rates of 
neonatal sepsis in VLBW (15-20%), and ELBW (40%) 
infants as indicated. Seo et al.(24) indicated the incidence 
rates of neonatal sepsis as 0.6% in full-term and 16.6% 
in premature babies born before 28th gestational week. 
Similarly, approximately two-thirds of the cases included 
in our study consisted of LBW, VLBW and ELBW infants. 
Likewise, approximately two-thirds of our cases were 
preterm infants. Among these, especially preterm VLBW 
and ELBW babies constituted the highest risk group. 
These infants are at risk for healthcare-associated 
infections due to their innate immunodeficiency, 
exposure to highly invasive procedures and prolonged 
hospitalizations(1,21,22,24).

EOS is a community-acquired infection transmitted 
mainly from the mother, while LOS mostly refers to 
healthcare-associated infections. In a study investigating 
the epidemiology of neonatal sepsis during the last 10 
years in the UK, the prevalence rates of EOS and LOS were 
found to be 24% and 76%, respectively(25). Getabelew et 
al.(19) reported that 65% of their cases in Ethiopia were 
EOS and 35% of them were LOS. In consistent with the 
results of the above-mentioned study performed in the 
UK, infants with EOS, and LOS comprised of 40%, and 
60% of our study population, respectively. 

Patients hospitalized in the NICU frequently undergo 
invasive procedures. Central venous catheterization, 
mechanical ventilation, TPN, and time to start first 
enteral feeding are independent risk factors for 
LOS in VLBW infants. In addition, other invasive 
procedures such as thoracic tube insertion and surgical 
interventions increase the risk of infection(26,27). Kung 
et al.(28) reported that 78% of their cases with neonatal 
sepsis had undergone tracheal intubation and invasive 
mechanical ventilation. In addition, thoracic tube 
insertion, and surgical operations had been performed 
in approximately 6%, and 15 % of their cases, respectively.

In the study of Osman et al.(29) the most frequently 
isolated microorganism was CoNS (17.5%), followed by S. 
aureus (12.5%) and K. pneumoniae (10%). According to 
a study by Kara et al.(30) from Eastern Turkey, the mainly 
isolated pathogenic agents in neonatal sepsis were 
ConNS (46.1%), K. pneumoniae (21.2%), E. coli (9.6%), 
and A. baumannii (3.8%). In their study, de Benedetti et 
al.(31) reported commonly seen pathogens of neonatal 
sepsis as K. pneumoniae (47.5%), P. aeroginosa (20%), E. 
coli (10%) and C. albicans (10%). Similarly, in our study, 
approximately 1/3 of the isolated pathogens of neonatal 
sepsis were K. pneumoniae, followed by A. baumannii 
(13.7%) and CoNS (13.3%). Fungal infections were mainly 
caused by C. parapsilosis (6.9%) and C. albicans (5.6%). 
The high prevalence of K. pneumoniae in our study 
may be due to its colonization in the environment 
and klebsiella pneumoniae outbreaks seen in certain 
periods of time. The fact that CoNS was not the leading 
pathogen in our study may be due to the acceptance 
of some isolated pathogens as contaminants. CoNS is a 
commensal microorganism of the skin, and therefore its 
isolation in blood culture may reflect contamination if 
blood samples are obtained appropriately.

Abnormal WBC counts were observed in only 2/3 
of the patients at the onset of neonatal sepsis, and in 
some series, this rate increased to 80-90%(32,33). Wu et 
al.(21) reported leukocytosis or leukopenia in 27% of their 
cases with neonatal sepsis. In our study, leukopenia, and 
leukocytosis were detected in 15.5%, and 21.5% of the 
cases, respectively. Although the most common cause of 
leukopenia was fungal infections, it was determined that 
the specific agent was mostly streptococci. In the bone 
marrow, both leukopenia and thrombocytopenia can 
occur due to cessation of maturation and insufficient 
bone marrow supply of progenitors(34). Hornik et al.(33) 
reported a high odds ratio (5.38%) and specificity rate 
(73.7%) together with a sensitivity rate (0.3-54.5%) for 
leukopenia in neonatal sepsis. These data show that 
WBC count has an important place in the diagnosis of 
sepsis, but it will not be sufficient diagnostic criterion on 
its own.

In addition to leukocytosis or leukopenia, low ANC 
and high I/T neutrophil ratios help to diagnose sepsis. 
Hornik et al.(33) reported high odds ratios (6.84-7.97), high 
specificity (99.9% and >99.8%), and low sensitivity rates 
(0.3-54.5%) for low ANS and high I/T neutrophil ratios. In 
the present study, there was a statistically insignificant 
difference between Gram-positive and Gram-negative 
bacteria and fungi in terms of causing neutropenia. 
Similar to cases with leukopenia, the most common 
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pathogens causing neutropenia were fungal strains and 
S.maltophilia was isolated in all cases of neutropenia 
(100%).

Thrombocytopenia is a non-specific finding that 
occurs late in neonatal sepsis. In a study by Lim et al.(35) 
in which they investigated the prevalence of neonatal 
sepsis and the distribution of pathogens in VLBW 
infants, they found thrombocytopenia at a rate of 50% 
in EOS and 47.3% in LOS; however, thrombocytopenia 
-though not statistically significant- was observed more 
frequently in fungal sepsis. Arif et al.(36) showed that 
thrombocytopenia was more severe in Gram-negative 
septicemia than in Gram-positive septicemia. In our 
study, although fungi, Gram-negative and Gram-positive 
microorganisms were causative pathogens in cases with 
thrombocytopenia without any statistically significant 
difference among them in terms of incidence rates. 
Among all pathogens, S. marcessens was the leading 
cause of thrombocytopenia in neonatal sepsis.

Long-term hospitalization of LBW premature babies 
in the NICU increases the risk of neonatal sepsis. In a 
study conducted in Spain, the average LOS of patients 
with nosocomial infections in the NICU was reported 
to be 30 days(37). Hacımustafaoğlu et al.(22) reported 
that the mean length of stay in the NICU of patients 
diagnosed with nosocomial infection was 67 days. The 
mean duration of hospitalization of our patients was 
39.3±32.1 days. Although the longest hospital stay was in 
sepsis caused by fungi followed by Gram-negative and 
Gram-positive bacteria, any statistical difference was not 
found among them in terms of LOS.

Parenteral nutrition is an important risk factor for the 
development of nosocomial infections. Sohn et al.(38) and 
Kawagoe et al.(39) reported that TPN increased the risk of 
neonatal sepsis by 5.7, and 4 times, respectively. In our 
study, a significant relationship was found between the 
duration of TPN and the development of sepsis, which 
is consistent with the literature. In addition, mortality 
rates were higher in patients with central catheters and 
on long-term TPN.

The mortality rates of neonatal sepsis generally range 
from 10-50%(40,41). As a result of the 6-year analysis by Wu 
et al.(21), the mortality rates of EOS and LOS were 10% and 
7%, while Martius et al.(42) a mortality rate of 10.5% for 
neonatal sepsis. Şahin and Şahin(43), reported that 7 (29%) 
of their 24 patients with neonatal sepsis died. However, 
the high mortality rate of 44% in our patients may be due 
to the inclusion of only culture-proven sepsis cases in 
this study and the fact that only cases with poor clinical 

condition were referred to our reference center hospital. 
In addition, multi-drug resistance may explain our high 
mortality rate compared to previous years.

Mortality and morbidity rates in LBW preterm infants 
are inversely proportional to gestational age and birth-
weight(44). About half of our patients were ELBW infants, 
and 60% of these infants died.

We have revealed statistically significant effect of 
birth-weight on mortality. Mortality rates in Gram-
negative septicemia and fungal infections are higher 
compared to Gram-positive septicemia(45). Similarly, 
sepsis caused by fungi, Gram-negative bacteria and 
Gram-positive bacteria, respectively, although not 
statistically significant, had the worst prognosis among 
our cases. In addition, patients with leukopenia and 
neutropenia had a worse prognosis compared to patients 
with leukocytosis.

Study Limitations
Limitations of our study were i) the prevalence of 

neonatal sepsis could not be estimated precisely because 
cases with clinical sepsis were not included in the study; 
ii) Some data concerning CRP levels, Apgar scores 
and blood gas analyzes of some patients could not be 
obtained from their medical records; iii) the prevalence 
of cases with meningitis could not be determined due 
to extremely low rates of lumbar puncture which could 
not be performed at an optimal frequency probably 
because of the hemodynamic instability of the patients 
and/or the severity of the prematurity not allowing the 
procedure; iv) since micro-CRP, one of the infection 
markers, is studied in our unit, patients are not routinely 
asked for PCT examination; v) Results of interleukin-6 
assay were not available because this test is not routinely 
performed in our hospital.

CONCLUSION 
In conclusion, neonatal sepsis is an important 

health problem of the newborn infants, which causes 
prolonged hospitalization, mortality and morbidity. The 
prevalence of culture-positive neonatal sepsis in NICU is 
5.5%. Preterm birth and LBW are crucial risk factors for 
neonatal sepsis and mortality. K. pneumoniae is one of 
the leading pathogens causing neonatal sepsis. However, 
C. parapsilosis is the pathogen with the highest mortality 
in neonatal sepsis. Fungal strains and Gram-negative 
bacteria cause leukopenia more frequently. However, 
S. marcescens is the most common pathogen causing 
thrombocytopenia. Mortality rate is higher in septic 
neonates who develop leukopenia and neutropenia. 
Prolonged parenteral nutrition increases the risk of 
sepsis and mortality.
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INTRODUCTION
Hospital-acquired infections can be related to 

several factors associated with health care services in 
which the water system can be an important one of 
them. Increasing reports of outbreaks associated with 
hospital water environments impose to consider the 
unusual microorganisms isolated from the patients and 
the hospital environment(1). Cupriavidus bacteria that 

are aerobic Gram-negative rods that live in soil and 
water. Even though invasive infections are uncommon 
in healthy people, case reports suggest that they could 
be significant in immunocompromised patients. Various 
cases of significant infections caused by different species 
of the genera have been recorded in the literature 
to date(2-6). Besides reporting cases with Cupriavidus 
metallidurans isolated from blood culture samples 

ABSTRACT
Hospital infections associated with uncommon pathogens usually originated from environmental sources and 
are challenging for microbiologists and clinicians because of the difficulties in the differentiation of colonization 
vs infection. Increasing reports of bacteremia caused by environmental pathogens point out their importance 
in hospital infections. The increasing number of case reports of bacteremia due to Cupriavidus spp., impose to 
consider these unusual microorganisms which are aerobic Gram-negative rods that live in soil and water. In this 
report, we present two cases of bacteremia in which Cupriavidus metallidurans were isolated from blood cultures 
and discuss the roles of the isolates in hospital infection.
Keywords: Cupriavidus metallidurans, bacteremia, opportunistic premise plumbing pathogens, hospital infection

ÖZ
Enfeksiyon etkeni olarak sık rastlanmayan ancak klinik örneklerde çevresel kökenli mikroorganizmaların 
soyutlandığı hastane enfeksiyonlarında, saptanan mikroorganizmanın kolonizasyon mu yoksa enfeksiyon etkeni 
mi olduğu konusundaki ayrımın güçlüğü hem mikrobiyologlar hem de klinisyenler yönünden başa çıkılması zor bir 
durum yaratır. Bakteriyemi olgularında çevresel kökenli mikroorganizmalara ilişkin artan bildirimler bu etkenlerin 
hastane enfeksiyonlarındaki önemini ortaya koymaktadır. Giderek daha çok sayıda Bakteriyemi olgusunda 
Cupriavidus türlerinin soyutlanması, su ve toprakta bulunan bu Gram-negatif çomakların hastane enfeksiyonları 
yönünden dikkate alınması gerektiğini düşündürmektedir. Bu çalışmada iki olguda kan kültürlerinden soyutlanan 
Cupriavidus metallidurans kökenlerinin özellikleri ve hastane enfeksiyonundaki rolleri ele alınmaktadır.
Anahtar kelimeler: Cupriavidus metallidurans, bakteremi, yapı tesisat sistemi fırsatçı patojenleri, hastane 
enfeksiyonu

Received: 16.12.2022
Accepted: 09.02.2024

Corresponding Author
Fahri Yüce Ayhan,

University of Health Sciences Turkey, 
Dr. Behçet Uz Pediatric Diseases 

and Surgery Training and Research 
Hospital, Medical Microbiology 

Laboratory, İzmir, Turkey
 yayhan@yahoo.com

ORCID: 0000-0003-2982-0240

Cite as: Ayhan FY, Karaarslan U, Gülderen 
M, Özbek ÖA, Akaslan Kara A, Güner 

Özenen G, Ağın H. A New Potential Threat 
for Nosocomial Infections: Cupriavidus 

metallidurans as a Cause of Bacteremia 
in Children. 

J Behcet Uz Child Hosp 2024;14(1):65-68

DOI: 10.4274/jbuch.galenos.2024.35492

https://orcid.org/0000-0003-2982-0240
https://orcid.org/0000-0002-3267-6983
https://orcid.org/0000-0002-2227-1288
https://orcid.org/0000-0003-4415-7205
https://orcid.org/0000-0002-9212-5155
https://orcid.org/0000-0002-9725-7501
https://orcid.org/0000-0003-3306-8899


66

 

J Dr Behcet Uz Child Hosp 2024;14(1):65-68

in two children, it was also intended to emphasize the 
importance of the assessment of the environmental 
bacterial isolates from blood in determining whether 
the isolate is a contaminant or a real pathogen. 

CASE REPORTS
Case 1
The first case was a 3-year-old girl with graft-

versus-host disease following her second allogeneic 
hematopoietic stem cell transplantation for acute 
lymphoblastic leukemia. She was transferred to the 
pediatric intensive care unit (PICU) because of septic 
shock symptoms and intubated due to increasing work 
of breathing and increased requirement for inotropes. 
On the third day of the PICU hospitalization, due 
to persistent hyperlactatemia, compromised renal 
functions, and decreased urine output, continuous 
venovenous hemodiafiltration was started. Due to 
refractory septic shock and respiratory insufficiency, the 
patient developed acute respiratory distress syndrome 
and died on the fifth day of his PICU stay. While no growth 
was found in the urine sample, C. metallidurans was 
isolated in blood culture. While the isolate grew initially 
under antimicrobial therapy with various antibiotics such 
as meropenem, amikacin, and voriconazole, no growth 
was identified in both blood cultures acquired from the 
venous catheter and recurrent peripheral blood cultures 
after the catheter was replaced. 

Case 2
The second case was a previously healthy 11-year-

old boy who had been diagnosed with coronavirus 
disease-2019 pneumonia. He was admitted to the 
hospital and given favipiravir and ceftriaxone therapy. 
C. metallidurans was isolated from a blood culture 
obtained after hospital admission. Because the patient 
was asymptomatic and the ceftriaxone treatment has 
not resulted in a recurrence of fever, the medication 
was not changed and the patient was continued in the 
same manner. On the fourth day of treatment, there 
was no growth in repetitive blood culture. On the 
seventh day of stay, the patient was discharged with full 
recovery, and isolation of the bacteria was recognized as 
contamination.

The blood samples were inoculated into the 
aerobic blood culture bottles and incubated by using 
an automated blood culture system (BD BACTEC FX, 
Becton Dickinson Company, USA) Gram-negative rods 
from the small, greyish colonies that grew on subcultures 
were identified as Cupriavidus pauculus with VITEK-2 

compact system (bioMerieux, France) Consequently, 
both strains were identified as Cupriavidus 
metallidurans by matrix-assisted laser desorption 
ionization-time of flight mass spectrometry (MALDI-
TOF MS) (Bruker Daltonics GmbH, Leipzig, Germany).

Antimicrobial sensitivity testing was initially 
performed using the VITEK®2 Compact automated ID/
AST System (bioMerieux, France), and interpreted using 
the EUCAST Pseudomonas breakpoints. In addition, 
broth microdilution assays were used to determine 
the minimal inhibitory concentrations (MICs) of the 
isolates using SensititreTM Gram-negative DKMGN Plates 
(Thermo Fisher Scientific, Cleveland, USA) according to 
the manufacturer’s instructions. Clinical and Laboratory 
Standards Institute 2021 breakpoints for additional non-
enterobacterales(7) were used to interpret the antibiotics’ 
MICs (Table 1).

DISCUSSION
Because of its resistance to heavy metals, ability to 

mediate the extracellular manufacture of antimicrobial 
nanoparticles, and vast genetic diversity derived 
from a large, mobile gene pool and megaplasmids, C. 
metallidurans has sparked attention in various sectors 
of microbiology. Endogenous megaplasmids are thought 
to have resistance qualities that help them survive even 
in harsh environments like space(8,9).

Langevin et al.(6) reported the first report of human 
infection caused by C. metallidurans that resulted in 
nosocomial septicemia in 2011. In 2015, four examples 
of the species were recorded in Italy, following the 
initial report(10). All published cases of C. metallidurans 
infections had bloodstream infections and were most 
likely nosocomial in origin, just as in the first case.

In both cases, the bacterial growth was determined 
in the initial blood cultures. However, in the first case, 
the patient’s clinical picture supported an infection, 
while in the second case, the clinical picture strongly 
suggested the contamination. Growth in a blood culture 
bottle does not always indicate the presence of a real 
pathogen, and distinguishing a contaminant from a 
bacteremia-causing agent might be difficult(11). The 
earlier case reports’ superiority is the isolation of germs 
from several blood culture bottles, which is improbable 
in our pediatric cases since blood culture sets including 
a single bottle were employed.

Although the initial growths were questioned due 
to the lack of growth in repetitive blood cultures or 
concomitant cultures from other body sites, the unusual 
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growth of Cupriavidus species from blood cultures 
in our facility and isolation from the blood cultures of 
first patient with hospitalization history led us to believe 
these strains could be responsible for bacteremia. During 
the febrile episode, blood cultures were collected in both 
patients, and the first case had possible risk factors such 
as a central venous catheter and hospitalization in PICU.
Because of the absence of risk factors for nosocomial 
infection such as prolonged hospital stay or invasive 
medical procedures and having no growth in repetitive 
blood cultures, the strain isolated from the second case 
was evaluated as a contaminant. 

As it was stated that environmental microorganisms 
can be associated with hospital infections(12), the isolation 
of the rare environmental bacteria in the same period 
from two children’s blood samples promoted us to 
consider that the isolates might be potential nosocomial 
agents colonized or contaminated from environmental 
sources. However, the isolation of C. metallidurans 
was limited in two cases and the second case had no 
evidence of nosocomial infection.

Environmental pathogens associated with water in 
healthcare settings which are also called as opportunistic 
premise plumbing pathogens (OPPPs) inhabit and 
grow in water systems. Nosocomial transmission of 
these pathogens may become with direct contact or 
indirectly by use of contaminated water for personal 
or medical purposes. Besides being highly tolerant to 
chlorine and chloramine, C. metallidurans can also 
maintain and spread antibiotic resistance in potable 
water systems. Contamination of water systems might 
be originated either from retrograde seeding of water 
from contaminated outlets or low-level seeding of 
the microorganisms from the incoming supplying 
system(4,13,14).

Despite routine water supply monitoring as part of 
hospital infection control surveillance, no pathogen was 
found in water analysis performed at the public health 
laboratory. This could be due to the lack of the OPPPs’ 
intended analysis. Routine water analysis is most likely to 
detect only a few pathogens, and no specific analysis for 
OPPPs has been performed. Cupriavidus spp., isolation 

Table 1. Antimicrobial susceptibility testing of Cupriavidus metallidurans isolates
C. metallidurans Strain 1 C. metallidurans Strain 2
VITEK®2 Sensititre™ VITEK®2 Sensititre™

Antibiotics MIC50
AST 
Result MIC50

AST 
Result MIC50

AST 
Result MIC50

AST 
Result

Amikacin ≥64 R ≥32 R ≥64 R ≥32 R
Amoxicillin/clavulonic acid N/A - 4/2 N/A N/A - 4/2 N/A
Aztreonam 16 I >32 R 16 I >32 R
Cefotaxime N/A - 2 S N/A 2 S
Cefepime 2 I N/A - 1 I N/A -
Ceftazidime 8 I 16 I 8 I 16 I
Ceftazidime/avibactam N/A - 8/4 N/A N/A - 8/4 -
Ceftolozane/tazobactam N/A - 16/4 N/A N/A - 16/4 -
Ciprofloksasin 0,25 I 0,5 S 0,25 I 0,25 S
Colistin ≥16 R >8 N/A ≥16 R >8 N/A
Ertapenem N/A - 2 N/A N/A - 2 N/A
Gentamicin ≥16 R >8 R ≥16 R >8 R
Imipenem ≤0,25 I 1 S ≤0,25 I 0.5 S
Levofloksasin 0,5 S N/A - 0,5 I N/A -
Meropenem 1 S 0.5 S 0,5 S 1 S
Netilmicin ≤32 R N/A - ≥32 R N/A -
Piperacillin/tazobactam ≤4 I 2/4 S ≤4 I 2/4 S
Tigecyline N/A - 1 N/A - N/A 0,5 N/A
Tobramycine ≥16 R >8 R ≥16 R >8 R
Trimethoprim/sulphamethoxazole N/A - 2/38 S N/A N/A 2/38 S
MIC: Minimal inhibitory concentration, AST: Antimicrobial susceptibility testing, R: Resistance, S: Sensitive, I: Intermediate, N/A: Not applicable
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from clinical specimens should trigger a warning, and 
particular testing for uncommon waterborne infections 
should be performed(15).

Following these occurrences, no other indication 
of hospital infection linked to the Cupriavidus genus 
was found in our facility. Unfortunately, sequencing for 
phylogenetic analysis was not possible, but MALDI-TOF 
MS analysis, which has been shown to be superior in 
terms of diagnostic accuracy and reproducibility, was 
used to rule out phenotypic tests misidentification(16). 

The discovery of a matching database in MALDI-TOF 
MS and an identical antimicrobial susceptibility profile 
led to the hypothesis that the two strains originated 
from the same source, raising awareness of nosocomial 
infections caused by OPPPs such as Cupriavidus 
spp. However, while evaluating isolations due to rare 
microorganisms such as C. metallidurans, not only the 
isolated organism, but also the other factors such as the 
patients findings, co-morbidities and risk factors should 
be taken to account to differentiate the colonization 
and infection.

Furthermore, OPPPs should be considered as 
potential threats for nosocomial infections, and 
surveillance of these pathogens in hospital water 
systems must be implemented in the hospital infection 
control procedures.
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 Dear Editor,

I am writing to draw attention to an issue that 
I believe is of paramount importance in the field of 
healthcare - the level of knowledge among physicians 
regarding children’s rights.

In recent years, significant strides have been 
made globally to raise awareness and the level of 
understanding of children’s rights(1). Various initiatives, 
campaigns, and international agreements have 
underscored the importance of safeguarding the 
rights of every child(2). However, when it comes to 
the medical profession, particularly the knowledge 
physicians possess about children’s rights, there 
remains room for improvement(3).

Physicians play a crucial role in the health and 
well-being of children. Their expertise is instrumental 
in diagnosing and treating illnesses, but as an issue 
of equal importance they possess a comprehensive 
understanding of the rights that children are entitled 
to under various international conventions, such as 
the United Nations Convention on the Rights of the 
Child(4).

Despite the progress made in pediatric healthcare, 
it has become evident that there is a need for a more 
focused approach to ensuring that physicians are 
well-versed in the principles, specific, and unique 
characteristics of children’s rights. This knowledge is 
not only essential for the ethical practice of medicine 
but also for the overall well-being of young patients(5).

One of the key aspects that demand attention is 
informed consent. Children, like any other individuals, 
have the right to be involved in decision-making processes 
about their own healthcare(6). Physicians need to be adept 
at communicating effectively with their younger patients, 
explaining procedures in age-appropriate language, and 
seeking assent whenever possible. This approach not only 
respects the child’s autonomy but also fosters a trusting 
relationship between the physician, the child, and their 
parents or guardians(7).

Moreover, understanding the right to privacy is of 
vital importance in pediatric healthcare. Physicians 
must be cognizant of the importance of confidentiality 
and be skilled in navigating situations where the child’s 
privacy might conflict with the need to involve parents 
or guardians in their healthcare decisions. Striking a 
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balance between the child’s right to privacy and the 
responsibility to keep parents informed is a delicate 
yet crucial aspect of pediatric practice(8).

Education is a cornerstone of improving the level 
of knowledge among physicians regarding children’s 
rights. Comprehensive training on pediatric rights 
should be incorporated in the curriculum of medical 
schools and ongoing professional development 
programs. This strategy should not only cover the legal 
aspects but also delve into the ethical considerations, 
cultural sensitivities, and practical implications of 
respecting children’s rights in a clinical setting(9).

Beyond the academic realm, healthcare institutions 
should actively promote a culture that values and 
prioritizes children’s rights which can be achieved 
through the development of policies and protocols 
that explicitly address the rights of pediatric patients. 
Regular training sessions, case discussions, and 
awareness campaigns can further reinforce these 
principles among healthcare professionals(10).

In addition to issues such as informed consent 
and privacy, physicians must be well-informed about 
issues such as the right to benefit from health care 
services, protection from exploitation, and access to 
education. Children, regardless of their background, 
deserve equal opportunities to thrive, and physicians 
can play a crucial role in advocating and ensuring that 
these rights are upheld(11).

Furthermore, cultural competency is of paramount 
importance. Physicians often work with diverse patient 
populations, each with its unique cultural norms and 
values. Understanding how these cultural factors may 
influence a child’s rights and healthcare decisions is 
imperative for providing patient-centered healthcare 
services.

I would like to emphasize that this call for improved 
awareness does imply a strong dedication to ethical 
principles on the part of physicians, and recognizes 
the dynamic nature of healthcare and the constant 
evolution of our understanding of what constitutes 
optimal care, especially for vulnerable populations 
such as children.

As a society, we have a collective responsibility 
to ensure that every child receives healthcare that is 
not only medically sound but also respectful of their 
inherent human rights. By addressing this issue head-
on, we have contributed to a healthcare system that 
prioritizes the well-being of its youngest members.

In conclusion, I urge your medical journal to shine a 
spotlight on the importance of enhancing physicians’ 
knowledge about children’s rights. By fostering a 
dialogue on this crucial topic, we can catalyse positive 
changes in medical education, healthcare policies, and 
ultimately, improve the quality of healthcare provided 
to our children.

Thank you for considering this matter, and I look 
forward to seeing the continued impact of your 
publication in promoting awareness and positive 
change in the realm of pediatric healthcare.
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