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Predictors of Remission in Childhood Immune
Thrombocytopenia

FLY CHAN, GPG FUNG, LTW CHAN, WK CHIU

Abstract Background: Demographic and clinical features of childhood immune thrombocytopenia (ITP) in Hong
Kong were described and the clinical predictors of ITP remission were identified. Methods: We conducted
a 15-year retrospective analysis of all children with newly diagnosed ITP in two regional hospitals in
Hong Kong. Demographic and clinical features of childhood ITP were described. Clinical predictors of
remission by 12 months were analysed by a logistic regression model. Results: One hundred and eleven
cases of newly diagnosed ITP were analysed, among which 85 (77%) recovered by 12 months while 26
(23%) of them developed a chronic course. Remission was associated with the following predictors:
platelet count ≤10x109/L (p=0.034), age ≤24 months (p=0.013) and acute onset of symptoms
(p=0.001). Conclusions: We presented the demographic and clinical features of childhood ITP in the
local population. Clinical predictors of remission were identified as a guide for disease monitoring.
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Objective

Immune thrombocytopenia (ITP) is an immunological
disorder characterised by unexplained thrombocytopenia.
It commonly presents with unprovoked petechiae, bruises
and epistaxis. In children, newly diagnosed ITP has a
reported annual incidence of 1.9-6.4 cases per 100,000.1-3

The disease remits in the majority of children. However,

20% to 25% of children with newly diagnosed ITP develop
chronic disease,1 necessitating long-term monitoring and
treatment. Chronic ITP causes significant physical and
psychological impact on the affected children. Studies
have shown that children with the following features were
more likely to have a remitted course of disease: males,
younger age, acute onset of symptoms, lower platelet count
at presentation, more severe bleeding symptoms, and
preceding infection before ITP onset.4-10 Our study aims to
describe the demographic and clinical features of childhood
ITP in this locality and to analyse the predictors associated
with ITP remission.

Methods

We retrospectively reviewed the clinical records of
children with newly diagnosed ITP who were treated in
United Christian Hospital and Tseung Kwan O Hospital,
two regional hospitals in Hong Kong, from 2003 to 2018.
Cases were identified through the Clinical Data Analysis
and Reporting System (CDARS), where demographic data
including date of onset, sex and age were retrieved. We
included children aged 3 months to 18 years with a
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diagnosis of primary ITP. The selection and definition of
ITP cases were predetermined with reference from The
International Work Group (IWG) criteria.11,12 Primary ITP
was defined as peripheral blood platelet count <100x109/L in
the absence of other causes or disorders associated with
thrombocytopenia. Children with recovered ITP include
those having a platelet count ≥100x109/L by 12 months,
regardless of the treatment modality given. The definition
of chronic ITP was met when the condition persists or
relapses beyond 12 months. Previous studies commonly
used a 6-month period to define chronic ITP. Instead, we
adhered to the 12-month definition of IWG, based on the
observation that spontaneous remission of ITP was high
between 6 to 12 months.13

The following information was retrieved from the
database: platelet count at presentation, platelet count at
3, 6 and 12 months after diagnosis, duration of bleeding
symptoms, bleeding severity, presence of preceding
infection, antinuclear antibody (ANA) status, treatment
modalities given and comorbid physical conditions.
Bleeding severity is classified into two groups: cutaneous
bleeding (Grade I to II) and mucosal bleeding (Grade III to
IV), referencing from the classification of bleeding severity
by the international consensus report.11 The duration of
symptoms was classified into acute onset (less than 2
weeks) and insidious onset (more than 2 weeks)
respectively. Presence of infection within 4 weeks of
diagnosis was ascertained from the clinical history. ANA
was considered positive if the serum titre was ≥1:80. All
cases with a diagnostic coding of ITP (ICD-9: 287.30-31)
were retrieved. As our study focused on primary ITP, cases
of secondary ITP attributed to autoimmune disorders,
malignancies, congenital thrombocytopenia, bone marrow
failure and platelet-depleting medication were excluded.
Infants younger than 3 months were excluded from the
study in order to avoid diagnostic confusion with
thrombocytopenia caused by congenital infection and
neonatal alloimmune thrombocytopenia. Patients with
incomplete clinical information and those who were not
initially managed within the participating units were not
included in the final analysis. The process of cases retrieval
and outcomes are shown in Figure 1.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
version 23.0 statistical programme. Continuous variables
were analysed by Mann-Whitney U or independent t-tests.

Chi-square test was used to determine the bivariate
relationship between the remission group and the chronic
group with regards to age, sex, platelet count at diagnosis,
bleeding severity, duration of symptoms, presence of
preceding infection, ANA positivity and the modality of
treatment given respectively. Age was further classified
into two groups: ≤24 months and >24 months, as a multisite
cohort study found that children ≤2 years of age had the
least risk of developing chronic ITP.14 Platelet count at
presentation was dichotomised using 10x109/L as a cut-
off value, because a level below this value signifies chances
of more severe bleeding according to previous research
findings.4,15 A logistic regression model was used to analyse
statistically significant variables at disease presentation.
P-value <0.05 was considered statistically significant.

Results

A total of 111 cases of newly diagnosed ITP were
analysed. There were 54 males (49%) and 57 females (51%)
with a median age of 38 months. Eighty-five children (77%)
attained remission by 12 months while 26 children (23%)
developed chronic ITP. The median platelet count at
presentation was 8x109/L. The seasonal distribution of all
newly diagnosed ITP cases is shown in Figure 2. More than
a quarter of cases presented in April and May. Sixty-eight
percent of children received at least one type of treatments
at presentation (e.g. IVIG, corticosteroids), while 32%
were managed expectantly. Sixty percent of children
presented with cutaneous bleeding while 40% of children
presented with mucosal bleeding.

The median onset age was 30 months for the remission
group and 66.5 months for the chronic group (p=0.012).
The median platelet count was 6x109/L for the remission
group and 16x109/L for the chronic group (p=0.007).
Subgroup analysis shows that mucosal bleeding is
associated with a platelet count ≤10x109/L at presentation
(p=0.029). The demographic and clinical features of both
groups are shown in Table 1. Two children (1.8%) had
spontaneous intracranial haemorrhage and their clinical
presentations are summarised in Table 2.

Statistically significant variables at disease presentation
were analysed by a logistic regression model. This model
included statistically significant variables on univariate
analysis: age, platelet count and duration of symptoms. ITP
remission by 12 months is associated with the following
factors: age ≤24 months (adjusted OR 4.47, 95% CI
1.12-17.86), platelet count ≤10x109/L (adjusted OR
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Figure 2 Seasonal distribution of newly diagnosed ITP cases.

Figure 1 Cases retrieval and outcome.

4.19, 95% CI 1.35-13.02) and acute onset of symptoms
(adjusted OR 8.50, 95% CI 2.83-25.81) (Table 3).

Discussion

Our study summarised the data of childhood ITP of the
local community in recent years. To our knowledge, this
is the first study in Hong Kong describing the general
clinical pattern of childhood ITP. The epidemiological data

in our study is largely consistent with published data in
other countries. There is an almost equal occurrence
among boys and girls. The majority of children with newly
diagnosed ITP (77%) attained remission by 12 months.

Seasonality
Cases of newly diagnosed ITP were observed to present

with a seasonal pattern. There is a peak occurrence in April
and May, following a higher level of influenza activity in
winter and spring in Hong Kong. Authors in other countries
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Table 1 Demographic and clinical features of children with newly diagnosed ITP

Remission (n=85) Chronic (n=26) p-value

Age at diagnosis [median (range)] (months) 30 [3-201] 66.5 [10-187] 0.012
≤24 months, n (%) 33/85 (39%) 4/26 (15%) 0.021
>24 months, n (%) 52/85 (61%) 24/26 (85%)

Platelet count at diagnosis [median (range)] (x109/L) 6 [1-56] 16 [2-79] 0.007
 ≤10x109/L, n (%) 54/85 (64%) 9/26 (35%) 0.013
 >10x109/L, n (%) 31/85 (36%) 17/26 (65%)

Sex, n (%) 0.246
Male 38/85 (45%) 15/26 (58%)
Female 47/85 (55%) 11/26 (42%)

Duration of symptoms, n (%) <0.001
Acute 70/81 (86%) 10/24 (42%)
Insidious 11/81 (14%) 14/24 (58%)

Bleeding severity, n (%) 0.491
Cutaneous bleeding 51/85 (60%) 18/26 (69%)
Mucosal bleeding 34/85 (40%) 8/26 (31%)

Preceding infection within 4 weeks, n (%) 54/82 (66%) 12/24 (50%) 0.156

Anti-nuclear antibody (Titre ≥1:80), n (%) 2/49 (4%) 4/23 (17%) 0.057

IVIG treated, n (%) 52/84 (62%) 13/26 (50%) 0.281

Corticosteroids treated, n (%) 20/83 (24%) 14/25 (56%) 0.003

Table 3 Predictors of remission by 12 months by a logistic regression model

Adjusted odds ratio (95% confidence interval) p-value

Age ≤24 months 4.47 (1.12-17.86) 0.034

Platelet count ≤10x109/L 4.19 (1.35-13.02) 0.013

Acute onset of symptoms 8.54 (2.83-25.81) <0.001

Table 2 Clinical presentations of the two cases complicated by intracranial haemorrhage (ICH)

Sex Age Platelet count Symptoms Extent Duration of bleeding Other bleeding Course
on discovery associated of ICH symptoms before symptoms of ITP

of ICH with ICH onset of ICH

Patient 1 M 8 4x109/L Headache Bilateral parietal 2 days Epistaxis, gum Remission

parenchymal haematoma bleeding, gross

with mass effect haematuria

Patient 2 F 10 2x109/L Headache Left parietal subdural 4 months Epistaxis, Chronic

haematoma with mass gum bleeding

effect and cerebral oedema
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have also reported seasonal predilection for childhood ITP,
but their findings had not been entirely consistent. The
International Childhood ITP Registry of 38 countries
reported a peak occurrence of ITP in spring and a nadir in
autumn.16 A Nordic study found a winter bulk of post-
infectious ITP occurrence.15 Some other studies found no
seasonal fluctuations at all.17,18 The seasonal difference
could be related to different local climates and viral
activities.

Intracranial Haemorrhage
Intracranial haemorrhage (ICH) occurred in 1.8% of our

children. This percentage is slightly higher than large-scale
epidemiological studies reported in western communities.
The rate of ICH in the ICIS registry and Nordic registry
were 0.6% and 0% respectively.16,19 Among the Chinese
population, the rate of ICH was 1.7% in a study of 663
children and 2.9% in a Hong Kong case series of 276
patients.20,21 A territory-wide study would be needed to
assess if the relatively higher incidence of ICH amongst
children reflects the true incidence in the local population.
Concerning the relationship between platelet count and the
severity of bleeding, we noted an association between

mucosal bleeding and a presenting platelet count ≤10x109/L.
The two cases of ICH presented at a platelet count below
this level and both developed mucosal bleeding. Based on
this observation, we suggest clinicians consider active
treatments when the platelet count drops below 10x109/L
or when there is the presence of mucosal bleeding (Figure
3). Clinicians should also be aware that clinical conditions
can change rapidly; platelet reading at a single time point
cannot be the only determinant in management. The decision
to treat or to observe entails a thorough consideration of
the health condition of a child, health-related quality of
life, medication side effects and efficacy and anticipatory
follow-up plans.22

Couse of Disease
What concerns children and their parents most about

ITP is the likelihood of recovery. Given the fact that about
a quarter of children persists to have low platelet count 12
months after newly diagnosed ITP, it is useful to delineate
the factors associated with remission and chronicity, to
guide the frequency and duration of disease monitoring.
The observed differences between the two groups could
be explained by the fact that ITP is a highly heterogeneous
condition. Its underlying pathophysiology is complex and
not yet fully understood. The remitted and chronic forms
of ITP in children might have developed through different
immune pathways.

Demographically speaking, recent studies reported that
children with chronic ITP were more likely to be older.5,7,15

Similarly, our study demonstrated that children with disease
remission had a lower median age. Onset age ≤24 months
was independently associated with ITP remission. In terms
of sex difference, a recent meta-analysis concluded that
chronic ITP is more likely to occur in girls than in boys.4

However, we observed a similar occurrence of chronic ITP
in both sexes.

In respect of clinical features, we observed that an acute
onset of symptoms was associated with ITP remission,
similar to other published reports.8-10,15 Also, our results
were consistent with other reports that a platelet count
≤10x109/L was associated with a favourable recovery from
ITP.7,10,15,23,24 While other studies have reported ITP
remission being associated with the presence of preceding
infection and higher-grade bleeding,15,25,26 such
associations were not significant in our study.

As the risk of developing chronic disease is low in the
subset of young children presenting with acute symptoms,
we suggest that routine platelet count surveillance for these
children is unnecessary when platelet count shows signs

Figure 3 Initiating active treatment in children with newly

diagnosed ITP.
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of recovery. Blood tests should be ordered only when
clinical symptoms recur. On the other hand, for older
children with insidious symptoms, regular platelet count
monitoring should continue until at least 12 months after
the initial presentation.

Limitations of the Study
Our study is limited in certain aspects. Firstly, the study

was carried out retrospectively with missing data in a few
subjects. Secondly, our study could have overestimated
the true number of children with primary ITP, because a
small number of children with chronic ITP might
eventually be diagnosed with other disease entities. For
example, it has been reported 4% of children with ITP
ultimately developed Systemic Lupus Erythematosus
(SLE)27 while the rate of SLE development in adult ITP
patients was 1-5%.27-29 In our study, six children (5%) had
a positive ANA titre (≥1:80) without other distinctive
clinical manifestations of SLE. Finally, the association of
treatment modalities was not analysed in the regression
model as we found significant heterogeneity in the
treatment timing and dosage. Future studies with
standardised protocols could help better study their
association with the course of ITP.

Summary
In summary, our study described the demographics of

newly diagnosed ITP in children and identified predictors
associated with ITP remission, consistent with previous
findings. Devising an objective clinical score for the
Chinese population could be the next area of research. A
clinical score has been proposed by the NOPHO ITP
Working Group to predict the course of ITP, based on data
from the Nordic countries.5 Being able to predict the course
of ITP can alleviate anxiety among parents and minimise
unnecessary follow-up and blood taking. Further
prospective studies performed in multi-centre settings and
data registry analyses would help provide a more
comprehensive clinical picture to the condition.
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Are the Neutrophil-to-lymphocyte, Platelet-to-lymphocyte and
Monocyte-to-lymphocyte Ratios Predictive Factors for the

Retinopathy of Prematurity?

A UGURLU, E ICEL

Abstract Introduction: In this study, we aimed to evaluate the possible relationship between the neutrophil-to-
lymphocyte, monocyte-to-lymphocyte and platelet-to-lymphocyte ratio and retinopathy of prematurity
(ROP). Material and Method: The data of 348 patients who applied to Erzincan University Ophthalmology
Unit for screening the retinopathy of prematurity were analysed retrospectively. One hundred sixty
seven patients who were collected CBC samples within the first 72 hours after delivery and who met the
inclusion criteria were included in the study. Infants with a gestational age of ≤35 week were screened for
ROP. Pateints were divided into two groups. Group 1 was involved the patients with the diagnosis of ROP
and group 2 was involved the normal patients (no ROP). The levels of NLR, PLR and MLR were determined
in two groups. Results: Fifty-nine patients who were detected ROP are in group 1 and 108 patients who
were not seen ROP are in group 2 in the study. The mean gestational age at birth of the patients was
30.4±2.1 [26-34] weeks in group 1 and 33.7±1.7 [27-35] weeks in group 2 (P=0.004). The mean
gestational weigth at birth was 1927.2±158.4 [1690-2300] gram in group 1 and 2169.1±283.1 [1750-
3100] gram in group 2. (P<0.001) With the result of logistic regression analysis, gestational age
[Odds Ratio(OR): 0.531, 95%CI: 0.388-0.726, P<0.001], NLR [OR:34.849, 95%CI: 2.091-580.779,
P=0.013] and PLR [OR: 1.067, 95%CI: 1.034-1.110, P<0.001] were detected the independent risk
factors for ROP. Conclusion: Our study revealed that higher NLR and PLR which are evaluated with in
first 72h after birth is an independent predictor of ROP.

Key words Lymphocyte;  Monocyte;  Neutrophil;  Platelet;  Retinopathy of prematurity
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Introduction

Retinopathy of prematurity (ROP) is a vasoproliferative
retinal disease characterised by an interception of normal
retinal vascular development and subsequent disorganised
vascular growth. ROP is a primary cause of preventable

vision loss worldwide in children and affects thousands of
infants.1,2 The progression of ROP has been connected to
different factors such as angiogenic factors, cytokines, and
neuroprotective and oxidative growth factors.3 In recent
years, inflammatory factors have also been stated to be
associated with ROP.3-6

Complete blood count (CBC) is an easy, economical,
and commonly used principal haematological test
comprising the quantitative determination of white blood
cells (WBC), red blood cells (RBC), and platelets. WBC
contain neutrophils, lymphocytes, monocytes, eosinophils
and basophils. WBC are found in blood, lymphatic fluid
and all tissues of the body. Leukocyte count in the blood
is an important indicator especially in infectious
diseases.7,8 In healthy humans, the most plenty white blood
cells are neutrophils, which play important roles during
acute and chronic inflammatory reactions. The neutrophil-
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to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and monocyte-to-lymphocyte ratio (MLR) are the
respective proportions of absolute neutrophil to
lymphocyte, platelet to lymphocyte, and monocyte to
lymphocyte counts obtained from the evaluation of the
CBC test. As markers of inflammation, many studies have
shown the relationship between NLR, PLR and MLR and
many diseases, such as inflammatory and cardiovascular
diseases, and cancer.7-10 The ratios of WBC have been
recommended as indicators of general inflammatory
reactions. 11 In this retrospective study, we purposed to
evaluate the correlation between NLR, MLR and PLR and
ROP.

Material and Method

The data of 348 infants that were referred to the
Ophthalmology Unit of Erzincan University, Turkey
between June 2018 and July 2019 for the screening of
ROP were retrospectively analysed. A total of 167 patients,
from whom CBC samples were collected within the first
72 hours after birth and who met the inclusion criteria
were included in the study. Fifty-nine patients were found
to have ROP on the first examination, but none had the
severe form of the disease. This study was created in
accordance with the Declaration of Helsinki, and verbal
informed consent was taken from the parents of each patient
before the study. All infants were participants who applied
for ROP screening and had blood tests available. Performing
the study no extra blood sample were needed and all of the
parents accept including in the study of the babies. All the
infants had CBC samples which were collected in intensive
care unit for newborns. The approval of the Institutional
Ethics Committee of Erzincan University was also
obtained.

Clinical Evaluation
Infants with a smaller gestational age than 35 weeks

were examined for ROP after administering tropicamide
1% (Tropamid®, Bilimilaç®, Gebze, Turkey) eye drops and
phenylephrine hydrochloride 0.5% (Mydfrin®, Alcon®, Fort
Worth, TX) eye drops for three times for pupillary dilatation.
The ROP examination was performed by the same
experienced eye professional using a binocular indirect
ophthalmoscope combined with a sclera depressor after
administering proparacaine hydrochloride 0.5% (Alcaine®,
Alcon®, Fort Worth, TX) eye drops as the topical anesthetic.
The ROP status was graded according to the international

classification of ROP in all infants. The ROP status was
noted including the stage, zone and extent of the disease,
and the presence or absence of plus disease for each infant.12

Each infant was also graded according to the maximum
stage of ROP examined in either eye.

All blood samples were gathered and investigated within
the first 72 h after birth. Peripheral venous blood samples
(1 mL) was gathered in tubes containing dipotassium
ethylenediamine tetraacetate (EDTA-2K). CBC were
investigated by an automated haematology analyser.
(Sysmex Corporation, Kobe 651-0073, Japan). The NLR
values were figured out by dividing the neutrophil count
to the lymphocyte count, the PLR values by dividing the
platelet count to the lymphocyte count, and the MLR
values by dividing the monocyte count to the lymphocyte
count.

The patients were seperated into two groups: Group 1
comprised those with the diagnosis of ROP and Group 2
consisted of patients without ROP. All patients accepted
in the study were evaluated by fundoscopic examination
at four weeks after birth. The patients were called for a
control visit at an appropriate time according to the stage
and zone of ROP (after one, two, three or four weeks.
Retinal vascularisation reached the ora serrata in the
follow-up of all the patients. No subjects were taken ROP
treatment (intravitreal anti-VEGF/laser photocoagulation)
in the study.

Exclusion Criteria
Infants born with haematologic disorders, received

postnatal steroid therapy or a blood product transfusion
before the ROP examination were excluded from the study.
And also patients with respiratory distress syndrome (RDS),
asphyxia neonatorum, neonatal pneumonia, premature
rupture of membranes (PROM), necrotising enterocolitis,
hypoxic-ischemic encephalopathy (HIE) and blood
culture-proven sepsis were excluded from the study. Infants
who did not attend follow-up regularly and who had any
other accompanying ocular or systemic diseases were
excluded from the study. Also the infants with maternal
risk factors such as antenatal steroid use, fever/sepsis and
chorioamnionitis etc. were excluded the study.

Statistical Analysis
The SPSS (Statistical Package for the Social Sciences)

version 22.0 statistical software package was used for
statistical analyses. The Kolmogorov-Smirnov test was
applied to observe the distribution of the parameters in the
study groups. Continuous variables were expressed as mean
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± standard deviation (SD), and categorical variables as
frequencies and percentages. The chi-square test was used
to analyse the categorical variables. Inter-group
comparisons of the continuous variables were performed
using Student's t-test in addition to the analysis of variation
(ANOVA) for homogenous data and the Mann-Whitney U
test for non-homogenous data. The Friedman variance
analysis test was performed to compare the variables in
repeated measures, Wilcoxon's signed rank test for the
pairwise comparisons of these variables, and the Pearson
and Spearman correlation tests for the assessment of the
correlations between the variables. Logistic regression
analysis was performed to predict the significant
independent risk factors associated with the existence of
ROP. Exact P values of <0.05 were considered statistically
significant. The adjusted odds ratio (OR) and the 95%
confidence interval (CI) for each possible risk factor were
calculated. A receiver operating characteristic (ROC) curve
analysis was applied to define the cut-off values of NLR
and PLR in predicting the stage of ROP. All of the results
were appraised at a confidence interval of 95% based on a
significance level of P<0.05.

Results

In group 1, 34 patients of the 59 patients were male and
25 were female. In group 2, 68 of the 108 patients were
male and 40 were female. There wasn't any statistically
significant difference between the two groups in terms of
gender distribution (P=0.745). The mean gestational age

at birth was 30.4±2.1 [26-34] weeks in group 1 and 33.7±1.7
[27-35] weeks in group 2, and there was a statistically
significant difference between the two groups (P=0.004).
The mean gestational weight at birth was 1927.2±158.4
[1690-2300] and 2169.1±283.1 [1750-3100] gram in group
1 and 2, respectively (P<0.001).

The CBC test results of the patients are shown in Table 1.
When the CBC test results of the patients were evaluated,

the mean neutrophil count was 3.74±1.85 (109/L) in group
1 and 1.91±0.87 (109/L) in group 2. The difference in the
neutrophil count between the two groups was statistically
significant (P<0.001). The average lymphocyte count was
4.86±1.56 (109/L) in group 1 and 5.22±1.58 (109/L) in
group 2. There wasn't any statistically significant difference
between the two groups in terms of the lymphocyte count
(P=0.394). The mean monocyte count was 1.43±0.49
(109/L) in group 1 and 0.86±0.46 (109/L) in group 2, with
no significant difference between the two (P=0.088). The
average platelet count was 453.36±121.96 (109/L) and
304.33±117.58 (109/L) in group 1 and 2, respectively, and
the difference was not statistically significant (P=0.744).

The NLR value of the patients was 0.87±0.59 in group 1
and 0.39±0.18 in group 2. NLR was significantly higher in
infants with ROP (P<0.001). When the MLR of the patients
was examined, this ratio was calculated as 0.32±0.15 for
group 1 and 0.18±0.11 for group 2, and there was a
significant difference between the two groups (P=0.009).
The PLR value of the patients was 98.94±30.97 in group 1
and 59.41±18.97 in group 2. PLR was significantly higher
in group 1 than in group 2 (P<0.001).

The logistic regression analysis was performed to

Table 1 Clinical findings and laboratory measurements of the patients

Group 1 Group 2 Total P value

Number of patients 59 (35.3%) 108 (64.7%) 167 (100%) −

Gender (male/female) 34 (57.6%) / 25 (42.4%) 65 (60.2%) / 43 (39.8%) 99 (59.3%) / 68 (40.7%) 0.745

GA 30.4±2.1 33.7±1.7 32.2±2.3 0.004

GW 1927.2±158.4 2169.1±283.1 2083.6±270.9 <0.001

Neutrophil 3.74±1.85 (109/L) 1.91±0.87 (109/L) 2.55±1.56 (109/L) <0.001

Lymphocyte 4.86±1.56 (109/L) 5.22±1.58 (109/L) 5.09±1.57 (109/L) 0.394

Monocyte 1.43±0.49 (109/L) 0.86±0.46 (109/L) 1.06±0.54 (109/L) 0.088

Platelet 453.36±121.96 (109/L) 304.33±117.58 (109/L) 356.98±138.2 (109/L) 0.744

NLR 0.87±0.59 0.39±0.18 0.56±0.44 <0.001

MLR 0.32±0.15 0.18±0.11 0.23±0.14 0.009

PLR 98.94±30.97 59.41±18.97 73.38±30.34 <0.001

GW: gestational weight; GA: gestational age; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; MLR: monocyte mphocyte ratio
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determine the independent risk factors for ROP. According
to the results of this analysis, gestational age (OR: 0.531,
95% CI: 0.388-0.726, P<0.001), NLR (OR: 34.849, 95%
CI: 2.091-580.779, P = 0.013), and PLR (OR: 1.067, 95%
CI: 1.034-1.110, P<0.001) were detected as the
independent risk factors for ROP (Table 2).

The ROC curve analysis was used to determine whether
the cut-off values of NLR and PLR could be used to predict
ROP. An NLR over 0.53 indicated higher risk of ROP with
81.4% sensitivity and 83.3% specificity while a PLR over
81.48 indicated higher risk of ROP with 71% sensitivity
and 90% specificity (Figures 1 and 2).

Table 2 Logistic regression analysis results for independent predictors of ROP

Variable OR 95% CI P value

GW 0.998 0.996-1.001 0.281

GA 0.531 0.388-0.726 <0.001

Sex 0.654 0.213-2.008 0.458

Neutrophil 0.327 0.022-4.901 0.419

Lymphocyte 0.309 0.043-2.235 0.244

Monocyte 42.341 0.275-6524.413 0.145

Platelet 1.022 0.990-1.056 0.181

NLR 34.849 2.091-580.779 0.013

PLR 1.067 1.034-1.110 <0.001

MLR 0.641 0.005-81.611 0.857

GW: gestational weight; GA: gestational age; OR: odds ratio ; 95% CI: 95% confidence interval; NLR: neutrophil to lymphocyte ratio; PLR: platelet

to lymphocyte ratio; MLR: monocyte to lymphocyte ratio

Figure 2 ROC curve analysis for PLR.Figure 1 ROC curve analysis for NLR.



NLR and PLR as a Predictive Factor for ROP111

Discussion

It is certain that systemic inflammatory responses of
maternal immune system and vigorous neonatal
inflammatory reactions play a significant role in the
development of ROP.12-15 Systemic inflammatory
responses may affect the creation of abnormal retinal
vascularisation and promote the risk of ROP, independent
of gestational age and weight or intensity of early systemic
disease.16 Woo et al also informed that umbilical cord blood
cytokine levels and perinatal factors were significantly
associated with the pathogenesis of ROP.17 NLR, PLR or
MLR have been used in the prognostic diagnosis of cancer
in many different branches of medicine and clinically
significant results have been obtained.18-21

Previous studies indicated that increased neutrophil
count and decreased lymphocyte count were associated
with a systemic inflammatory response and physiological
stress, respectively.22-25 In our study, the neutrophil count
was meaningfully higher in the ROP group, but the logistic
regression analysis indicated that the neutrophil count was
not an independent risk factor for ROP. No significant
difference was observed between the lymphocyte values
of the groups with and without ROP. In the logistic
regression analysis, the lymphocyte count was not
associated with ROP, as in the neutrophil count. Similarly,
the number of monocytes was not associated with ROP.

Guida et al found a relationship between sepsis and
thrombocytopenia in babies with a very low birth weight,
and they suggested that the pathogens that caused sepsis
might affect the platelet kinetics.26 In our study, no
relationship was found between the presence of ROP and
platelet count, and the exclusion of the infants with systemic
problems, such as sepsis may have been effective in the
emergence of this condition.

Several studies have shown that the NLR, PLR and MLR
values, which are related to systemic inflammation, may
be prognostic factors for ocular diseases, such as
degenerative myopia, keratoconus and age-related macular
degeneration.27-29

Kurtul et al examined the relationship between ROP and
NLR and found no independent risk relationship.3 The
authors only observed a relationship between the
lymphocyte count and ROP. In the current study, the
logistic regression analysis showed that PLR and NLR were
independent risk factors for ROP. In addition, in the ROC
analysis, the cut-off value was found to be 0.53 for NLR
and 81.48 for PLR; however, no relationship was found
between the lymphocyte count and ROP, unlike the results

reported by Kurtul et al.
The major limitation of our study is that severe ROP

cases were not included in the sample. Some postnatal
conditions, such as oxygen support, intraventricular
haemorrhage, anaemia, apnoea, and sepsis have been
shown to be associated with ROP progression.30 These
accompanying pathologies are likely to affect the NLR,
PLR and MLR values. Accordingly, the patients with
severe ROP were excluded from the study group. In
addition, the relatively low number of participants and
the absence of an evaluation of other inflammatory
markers can be considered as limitations. Studies
involving large-scale patient groups and infants with
severe ROP and systemic diseases may be important
in evaluating the relationship of ROP with NLR and
PLR.

Conclusions

Our study revealed that increased NLR and PLR
evaluated within the first 72 h after birth are independent
predictors of ROP. In premature babies, the detection of
NLR and PLR can be helpful to predict the possible
development of ROP. Further investigations are needed
including severe ROP cases for detecting the effects of
CBC results on ROP progression.
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Hereditary Spherocytosis in an Asian Children's Hospital

SH ANG, JCM LAM

Abstract Purpose: Hereditary spherocytosis (HS) is a red cell membrane disorder less commonly seen in Asian
populations. This study highlights the diagnostic features and complications of HS patients followed up
in an Asian paediatric institution. Methods: Data was obtained from retrospective medical records of
paediatric patients diagnosed with HS from 2006-2016. Findings: Thirty-one patients were identified
with a mean age (MA) at diagnosis of 3.5 years (0-14.3). Sixteen patients (52%) had positive family
history. Twelve patients (38.7%) presented early (<1 month), most with neonatal jaundice. Twenty-one
patients (67.7%) required at least one transfusion. Gallstones were detected in 10 patients (32.3%) -
4 required cholecystectomy (MA 11.7 years). Six patients (19.4%) had splenectomy (MA 12.5 years),
mostly due to frequent transfusions. Conclusions: Most paediatric patients in our institution are diagnosed
early, with the majority requiring at least one transfusion. HS should be considered in neonates presenting
with early jaundice requiring phototherapy.
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Introduction

Hereditary spherocytosis (HS) is a red cell membrane
disorder affecting membrane proteins. The 5 genes
associated with HS include SPTA1 (α-spectrin), SPTB
(β-spectrin), ANK1 (ankyrin), SLC4A1 (band 3) and
EPB42 (protein 4.2).1,2 It is most commonly associated
with dominant inheritance, although recessive inheritance
has been described. It is the most common cause of

haemolytic anaemia in individuals of Northern European
ancestry with an incidence of 1 in 2000.1,3 Although there
are cases reported worldwide in all racial and ethnic groups,
it is perceived to be less common in South-East Asia (SEA),
with a reported frequency of 1.27 to 1.49 per 100 000 to
1 in 5000.4,5 The heterogeneity of the condition results in
individuals with differing severities varying from symptom-
free carriers to severe haemolysis. The variable clinical
severity suggests that the molecular defects are
heterogeneous. In European and American patients, ANK1
mutation is the major cause of HS affecting 35-65% of
patients, followed by band 3 mutations which affect 15-
35% of patients. On the other hand, Japanese patients have
primarily band 3 and protein 4.2 mutations.1,6 The main
clinical features of haemolysis are anaemia, jaundice and
splenomegaly.1,3,6 Biochemical  features include
reticulocytosis, raised unconjugated bilirubinemia and
increased mean red cell haemoglobin concentration
(MCHC).1,3,6,7

Individuals are classified as having mild, moderate,
moderately severe or severe phenotypes depending on the
baseline haemoglobin, bilirubin and transfusion
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requirements.1 About 20-30% of patients have mild disease
with  compensated haemolysis  and are  largely
asymptomatic. This can be left undetected till adulthood
when complications of chronic haemolysis such as
gallstones arise. The majority of patients have moderate
disease (60-70%) and usually present in childhood with
anaemia and sometimes jaundice in association with viral
infections. Splenomegaly is often present in these patients.
A small group of 10% have moderately severe disease
characterised by low haemoglobin concentration
(60-80 g/L) and intermittent need for transfusions while
about 3-5% of patients with severe disease have life-
threatening anaemia (<60 g/L) requiring regular
transfusions. These patients usually have recessive
inheritance and frequent transfusions place them at higher
risk of side effects from chronic anaemia and iron overload
such as growth retardation, delayed sexual maturation or
extra-medullary haematopoiesis.

Splenectomy leads to improved red cell survival and is
often considered curative when performed. However, the
life-long risk of overwhelming sepsis, particularly with
pneumococcal species, despite pre-operative vaccinations
and post-operative antibiotic prophylaxis make routine
splenectomy not advisable for all patients, particularly
those with mild disease. Clinical size is not an indication
for splenectomy and studies have shown that increased
splenic size does not result in higher risk of rupture.3 To
date, no cohort study on paediatric patients from Singapore
with a predominantly Asian population has been conducted.
This study aims to characterise the diagnostic features and
complications of paediatric patients diagnosed with HS in
KK Women's and Children's Hospital (KKH), a tertiary
academic centre which is the main paediatric hospital in
Singapore seeing 73,500 inpatients and 160,000
emergency attendances a year.

Methods

This is a retrospective cohort study which looked at
diagnostic features and complications of paediatric patients
treated for or diagnosed with HS from 2006-2016 in KKH.
Follow-up duration ranged from 4 months to 25 years (mean
7.75 years). Clinical data were obtained from hospital
electronic records and clinical notes. Data collected
included demographics, laboratory data at diagnosis
(Haemoglobin (Hb), MCHC, serum bilirubin (SB),
peripheral blood film findings), episodes of transfusion
and complications.

All diagnoses of HS were confirmed with osmotic
fragility (OF) or eosin-5-maleimide (EMA) binding tests.
The osmotic fragility test (OFT) is a measure of the degree
of haemolysis of red cells placed in serial solutions of
saline at different concentrations. A normal curve is first
obtained using normal red blood cells. A right shift in the
curve indicating increased haemolysis of red cells compared
to normal red cells at the same osmolar concentration is
suggestive of red cell fragility due to a membrane disorder.
Despite adequate sensitivity, the OFT has limited
specificity and is time-consuming, and was replaced in
our institution by the EMA flow cytometry test from 2012.
The EMA dye is a fluorescent dye which binds to band 3
protein on the surface of red cells. The intensity of the
fluorescent signal corresponds to the band 3 protein
content on red cell membranes, and is both sensitive and
specific for the diagnosis of HS when the mean fluorescent
signal compared to normal controls is decreased.

Genetic testing was not routinely offered and was
performed only in patients with an unusually severe
phenotype, for example requiring frequent transfusions at
a young age. Significant haemolysis was defined as a Hb
drop of >2 g/dL with signs of clinical or biochemical
jaundice while aplastic crisis was defined as a Hb drop of
>2 g/dL with reticulocytopenia.8 Routine ultrasound
abdomens were performed from age 5 years for patients
in this series, either every other year or more frequently
where necessary. The study was approved by the
Institutional Ethics Review Board of our institution. Data
were analysed using SPSS Version 19.0 ((IBM, Armonk,
New York, USA) with continuous variables such as Hb,
MCHC and SB expressed as mean ± standard deviation (SD).

Results

There were 31 patients diagnosed or already on follow-
up for HS from 2006 to 2016 in KKH. The clinical
characteristics of these patients at diagnosis are shown in
Table 1. There was a higher percentage of female patients
(67.7%) and the ethnic distribution of patients was highest
for Chinese (64.5%) followed by Malays (29%). The
number of Malays with HS in our cohort was over-
represented as compared to the typical ethnic distribution
of the Singapore population which consists of 74.3%
Chinese and 13.4% Malays.9 Positive family history was
present in 52% of the patients. The vast majority of patients
were symptomatic at diagnosis (90.3%). The main
presenting symptoms were anaemia/pallor (51.6%),
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jaundice (48.5%) and hepatosplenomegaly/splenomegaly
(22.6%). Three patients were asymptomatic, 2 had
screening done due to a positive family history, 1 had
spherocytes noted incidentally on peripheral blood film.

The mean age at diagnosis was 3.5 years (range 1 month
to 14.3 years). Genetic analysis was performed on only 3
patients (9.7%), 2 had SPTB gene mutation which codes
for β-spectrin and 1 had SLC4A1 gene mutation which
codes for Band 3 protein.

The Hb level at diagnosis ranged from 5.4 g/dL to
17.5 g/dL with a mean of 9.7±2.5 g/dL and a median of
10 g/dL. Majority of patients (87.1%) had Hb <12 g/dL at
diagnosis. The MCHC level ranged from 33% to 37.9%
with a mean of 35.4±1.1%. Two patients had missing
MCHC data. A significant percentage (67%) of patients
required at least one transfusion, with a mean lowest Hb
of 4.8±1.3 g/dL for those who were transfused as compared

to 8.5±1.9 g/dL for those who were not transfused. Only
23 patients had SB data available, and it ranged from 9 to
168 umol/L, with a mean value of 68.2±41.4 umol/L. Two
patients had missing peripheral blood film findings. Of the
remaining, 16 patients had spherocytes noted in the initial
blood film. The remaining majority had polychromatic
macrocytes suggesting increased red cell production
without mention of significant numbers of spherocytes.

Twelve patients (38.7%) were diagnosed before 1 month
of age. A positive family history of HS was present in only
50% of the neonates. Four presented with neonatal jaundice
(NNJ) requiring intense phototherapy, 2 required exchange
transfusion, 2 with early NNJ presenting within 24 hours
requiring less intense phototherapy, 1 with prolonged NNJ,
2 with neonatal anaemia and 1 was asymptomatic but
screened due to a positive family history. None of the
neonates with early NNJ had other contributory
haematological conditions such as G6PD deficiency. All
neonates requiring intense phototherapy or exchange
transfusion presented early within 36 hours of life.

The complications from HS are shown in Table 2.
Twenty-one patients (67.7%) required at least one
transfusion during the period of follow-up, with 9 patients
(29%) requiring ≥3 transfusions over the period of data
collection. Splenectomy was performed in 6 (19.4%)
patients at a mean age of 12.5 years. Indications for
splenectomy included frequent transfusion requirements
(12.9%), concurrent cholecystectomy (3.2%) and
hypersplenism with pain (3.2%). The 4 patients who
underwent splenectomy due to frequent transfusion
requirements received a mean of 15.5±4.4 transfusions
prior to splenectomy. None required chelation therapy.

Table 1 Clinical characteristics of patients at diagnosis

No. of patients - 31 (%)

Gender Female: 21 (67.7%)
Male: 10 (32.3%)

Race Chinese: 20 (64.5%)
Malays: 9 (29%)
Others: 2 (6.5%)

Mean age at diagnosis 3.5 years
(birth to 14.3 years)

Positive family history 16 (52%)

Available genetic profiles 3 (9.7%)
- 2 with SPTB gene
- 1 with SLC4A1 gene

Haemoglobin (Hb) level <6: 3 (9.7%)
at diagnosis (g/dL) 6-7.9: 4 (12.9%)

8-9.9: 7 (22.6%)
10-11.9: 13 (41.9%)
>12: 4 (12.9%)
Mean Hb: 9.7±2.5

MCHC level (%) Mean MCHC: 35.4±1.1

Total bilirubin (umol/L) Mean bilirubin: 68.2±41.4

Presenting features
Pallor or anaemia 16 (51.6%)
Jaundice 15 (48.4%)
Hepatosplenomegaly/ 7 (22.6%)
splenomegaly
Peripheral blood film showing 4 (12.9%)
spherocytes
Screening based on family history 2 (6.5%)

Table 2 Complications from HS

Transfusion 21 (67.7%) required at least one transfusion.
9 (29%) required (≥3 transfusions)

 6 (19.4%) required frequent transfusions
(at least once of >3 transfusions / year)

Splenectomy 6 (19.4%)
Mean age at splenectomy: 12.5 years (range

7-19 years)

Gallstones 10 (32.3%)
>3 required surgical removal

Haemolytic crisis 22 (71%)
>8 (36.4%) had parvovirus infection

Aplastic crisis 3 (9.7%)
>2 (66.7%) had parvovirus infection
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Post-splenectomy, the Hb for the 5 patients increased by
a mean of 5.6±1.3 g/dL, resulting in a mean post-
splenectomy Hb of 14.3±0.4 g/dL. One of the patients
experienced a rebound anaemia requiring repeated
transfusions 4 years post-splenectomy for unknown
reasons.

Ten patients (32.2%) developed gallstones on follow-
up, with 3 (9.7%) requiring surgical removal. Most patients
(77%) had at least one haemolytic crisis due to intercurrent
illness, of which 7 out of 22 patients (31.8%) had parvovirus
infection alone while 1 (4.5%) had a concomitant dengue
infection. Parvovirus infection was noted in 2 out of 3
(66.7%) patients with aplastic crisis.

Discussion

The prevalence of HS in our institution is low with only
31 patients identified over 10 years. This does not represent
the true population prevalence in Singapore as the study
was conducted on paediatric patients in a single
institution, hence patients with milder phenotype who
present in adulthood will not be represented. The initial
clinical presentation of our patients was similar to previous
studies in children where anaemia was the most frequent
complaint, followed by splenomegaly, jaundice and
positive family history.7,8 Mean age at diagnosis was 3.5
years, with 12 patients (38.7%) diagnosed before 1 month
of age. Six out of 12 patients diagnosed before 1 month of
age presented with NNJ requiring intensive treatment,
suggesting that severe jaundice should prompt an
investigation into congenital haemolytic conditions such
as HS. This is similar to studies in Western populations
where half of infants with HS developed severe NNJ
compared to 8% of normal newborns.10 Among neonates
listed in the USA Kernicterus Registry, HS is the third most
common underlying haemolytic condition after glucose-
6-phosphate dehydrogenase deficiency and ABO
haemolytic disease.11 Positive family history was present
in slightly over half (52%) of our patients which is less
than the 75% reported in many studies.3,12 This could be
due to less screening in the older population if the parents
are otherwise asymptomatic. This figure may change over
time with increased awareness and screening of siblings of
affected patients.

Confirmatory studies with OF or EMA were conducted
for all patients, in contrast to recommendations stating
that confirmatory testing is not necessary for patients with

family history and typical clinical and laboratory features.1,12

The diagnosis of HS at our institution is first suspected
based on the clinical or family history and characteristic
spherocytes noted on the peripheral blood film. Peripheral
blood samples are then sent for the EMA test. EMA has
replaced conventional OF in the screening of patients in
our institution due to its higher sensitivity and specificity.13

Genetic studies are reserved mainly for patients with
severe phenotype requiring multiple blood transfusions
from an early age due to its significant cost. Hence, we are
unable to determine the genotype for most of our patients.
The 3 patients with genotyping done were aged 9 months
to 3 years. Understanding their genotype can aid in the
prognosis of the child as well as genetic counselling for
their parents. There are comorbidities associated with each
of the genotypes and understanding them would allow us
to monitor for associated comorbidities. For instance, the
SLC4A1 gene mutation is associated with distal renal
tubulopathy which was screened for and detected in one
of our patients.14,15

Transfusion was performed for patients with a mean
lowest Hb of 4.8±1.3 g/dL as compared to 8.5±1.9 g/dL for
those who were not transfused. This is close to the
recommended practice to transfuse patients when Hb falls
below 5-6 g/dL.6,7 Patients were transfused when they were
clinically symptomatic and not based on Hb alone, as per
our hospital guidelines. Splenectomy was performed on 6
patients, with frequent transfusion requirements being the
most common reason. According to guidelines,
splenectomy is indicated in patients with moderate to
severe HS who require frequent transfusions or those with
complications such as gallstones or growth failure.6,7

Splenectomy was delayed till after 6 years old in all
patients as recommended.7 No partial splenectomy was
done in our institution. Amongst the 3 patients requiring
surgical intervention for gallstones, 2 were due to
symptomatic gallstones while one was due to concurrent
splenectomy. The practice of cholecystectomy in patients
with asymptomatic gallstones going for splenectomy is
still controversial7. Similar to other studies, most patients
(71%) experienced at least one haemolytic crisis, often
triggered by viral infections.1,6 Patients with HS may
develop haemolytic or aplastic crisis with Parvovirus
infection and serology for Parvovirus is routinely sent in
our institution for patients presenting with either. The
incidence of aplastic anaemia is low and if present is
commonly associated with Parvovirus infection as shown
in our study.
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Conclusion

Most reports of HS are described in Caucasian
populations. Our paper adds to the body of evidence
describing the presentation of HS in a predominantly Asian
population, which does not appear to differ from Caucasian
populations. Most paediatric patients in our institution
are diagnosed early, with the majority requiring at least
one transfusion. Neonates with early jaundice requiring
intensive therapy should be closely followed up and
investigated for haemolytic conditions such as HS, even
without a family history. Positive family history in a
patient with clinical symptoms of jaundice or anaemia
should certainly prompt for an investigation of HS.
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Percentage of Children and/or Adolescents of
All COVID-19 Cases: A Meta-analysis

W WEN, CY WANG, HF ZHANG, MY ZHOU, YR CHENG, L YE, ZH FENG,
 J CHEN, MW WANG, XW ZHANG, YH LUO

Abstract Since the first report of COVID-19 in Wuhan, China, the disease has rapidly spread to many countries
worldwide. The initial reports showed that the incidence rate in adults was higher, while children and
adolescents had fewer cases of infection. However, the number of COVID-19 cases has gradually increased
in children and adolescents. Therefore, this study aimed to assess the percentage of children and/or
adolescents of the total patients diagnosed with COVID-19. PubMed, Embase, Web of Science and the
Cochrane Library were searched to find relevant studies. All statistical analyses were conducted using
StataMP 14 software. A total of 12 studies met the inclusion criteria. The final results showed that the
percentage of children and/or adolescents of all COVID-19 cases was 0.06 [95% confidence interval (CI),
0.04-0.07], which meant an average of 6 cases in children per 10,000 COVID-19 cases. The percentage of
children and/or adolescents with COVID-19 was 0.03 (95% CI, 0.01-0.05), 0.09 (95% CI, 0.08-0.09), 0.09
(95% CI, 0.03-0.16) and 0.04 (95% CI, 0.00-0.10) in Asia, South America, North America and Europe,
respectively. The present study showed a low percentage of COVID-19 cases of children and/or adolescents,
but not without infection risk. Therefore, we should pay attention to the cases of children and/or
adolescents during the COVID-19 period and raise our vigilance.
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Introduction

Viral diseases pose a serious threat to public health and
safety. In the last 20 years, two large-scale cross-border
outbreaks of β-coronavirus have been reported in animals:
one with the severe acute respiratory syndrome (SARS) in
2002 and the other with the Middle East respiratory
syndrome (MERS) in 2012.1,2 The World Health
Organization (WHO) announced that the SARS epidemic
situation was under control on 5 July 2003. A total of 8096
SARS cases and 774 deaths were reported in 29 countries,
and the total mortality rate was 9.6%.2-4 However, MERS
has not been brought under control; 862 of 2506 patients
with infections in 27 countries have died since 2012
(fatality rate was about 35%).3,4 A novel coronavirus (SARS-
CoV-2 or 2019 coronavirus) emerged in December 2019,
triggering a new global public health concern. Since
China's first case of novel coronavirus pneumonia 2019
(COVID-19) in Wuhan, the virus spread rapidly to all
countries in the world. As of 15 February 2021, WHO
reported 108,484,802 cases of COVID-19, with 2,394,323
deaths and a mortality rate of 3.4%.5 Although the mortality
rate of COVID-19 is significantly lower than that of SARS
and MERS, the incidence rate of both is far ahead.

Past surveys showed that children and adolescents had
few SARS and MERS infections, and the incidence rate
was low. Similarly, few cases were reported in children and
adolescents in the early days of the outbreak of COVID-
19. However, the number of cases in this age group
increased gradually with the spread of this disease. A data
from the United States showed that, as of 4 February 2021,
2,934,292 paediatric COVID-19 cases were reported, which
represented 12.9% of all cases; in 2 weeks (from 21 January
2021 to 2 February 2021), a 10% increase in the number of
cases (257,680 new cases) was observed.6 However, the
percentage of children and/or adolescents with COVID-19
was still significantly lower than that in adults. A report
from the Chinese Center for Disease Control and
Prevention showed that of the 44,672 patients diagnosed,
965 (2.2%) were children or adolescents aged less than 19
years while 43,707 (97.8%) were adults aged 20 years or
older.3 Research showed that the low detection rates of
SARS-CoV-2 RNA in children might be related to the
following two reasons: (1) infants and children might
display reduced susceptibility to infection compared with
adults and (2) mild or asymptomatic disease manifestation
in chi ldren escaped detect ion,  resul t ing in  an
underestimation of the real rate of infection.7 Therefore,
the involvement of children or adolescents in the

transmission of COVID-19 could not be excluded. Besides,
no specific data or meta-analysis was available to describe
the percentage of children and/or adolescents of all COVID-
19 cases during the new coronavirus pneumonia outbreak.
Therefore, this study was performed to specifically assess
the percentage of children and/or adolescents of all patients
diagnosed with COVID-19, so as to better guide the treatment
of children and adolescents infected with COVID-19 and
prevent the spread of the disease.

Materials and Methods

Search Strategy
PubMed, Embase, Web of Science and the Cochrane

Library databases were comprehensively searched for the
studies on the percentage of children and/or adolescents
of COVID-19 cases using the following terms: 'COVID-19',
'SARS-CoV-2', 'novel coronavirus 2019', '2019-nCoV',
'children' 'adolescents' 'teenager' 'youth' and 'teen'. In the
initial search for studies, the studies that met the inclusion
criteria were also selected by reading the references of
previous related studies. The search language was limited
to English. A total of 9542 studies were retrieved, including
one that met the inclusion criteria after reading the
references of previous related studies.

Study Selection
Preliminary screening was performed by a researcher.

The irrelevant studies were excluded by this researcher
after reading the titles and abstracts, and then the full
text was read to screen the included studies further. The
initial search results were 9543, with 1 retrieved from
the references of the included studies. A total of 8048
studies were obtained after excluding repetitive studies.
These 8048 studies were screened by ti t les and
abstracts; 6836 were excluded and 1212 were retained.
After the full-text screening, 1200 were deleted for
various reasons. Finally, after reading and discussion by
2 other researchers, 12 studies were included in the
analysis (Figure 1).

Inclusion and Exclusion Criteria
The inclusion criterion was as follows: studies that

reported the percentage of children and/or adolescents with
COVID-19. Paediatric population was defined as that aged
less than 20 years. The percentage of children and/or
adolescents with COVID-19 was defined as the percentage
of children and/or adolescents of the total patients
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diagnosed with COVID-19 during the study period. The
included studies should meet this age requirement. In
addition, the included studies should have clear
information about the author or institution, the year of
publication and the country or region of the research
population.

The exclusion criteria were as follows: (1) a study
irrelevant to the research direction, (2) a study without
related data, (3) a letter or medical record report, (4)
duplicate data, (5) duplicate studies and (6) reviews, and
specified age or age groups that did not meet the
requirements.

Figure 1 Flow chart of the screening process. The initial search results were 9543, with 1 retrieved from the references of the

included studies. A total of 8084 studies were obtained after excluding repetitive studies. These 8084 studies were screened by titles

and abstracts; 6863 were excluded, and 1212 were obtained. After the full-text screening, 610 studies without relevant data, 91 studies

with repeated data, 342 letters or medical record reports, 24 studies with no specified age or age groups meeting the requirements and

133 reviews were further excluded. Finally, 12 studies were included in the analysis.
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Data Extraction
A total of 12 studies were included in this study. The

collected data included the name of the first author or
institution, the year of publication, the country, the age of
the participants, the total number of participants and the
percentage of children and/or adolescents with COVID-
19.

Quality Assessment
In this study, the Joanna Briggs Institute critical capital

checklist for students reporting progress data was used to
evaluate the quality of all included published studies. 8 All
the evaluations were conducted by two co-authors in strict
accordance with the standards. The results of the quality
evaluation of these published studies are shown in
Table 1.

Statistical Analysis
All statistical analyses were conducted using StataMP

14 software. The percentage of cases and 95% confidence
interval (CI) of COVID-19 in children and/or adolescents
were calculated and analysed using single-rate descriptive
analysis and random-effects model. Egger's test was used

to analyse whether the included studies had publication bias.
Also, the subgroup analysis of the percentage of children
and/or adolescents with COVID-19 among different states
and countries was also performed.

Results

Characteristics of the Included Studies
The characteristics of all included studies are shown in

Table 2, including the first author or institution, the year
of publication, the number of patients aged 0-19 years, the
total number of positive COVID-19 cases and the country
of the study population. The sample size of the included
studies ranged from 102 to 3,998,055.

Meta-analysis
Figure 2 shows that the percentage of children and/or

adolescents with COVID-19 was 0.06 (95% CI, 0.04-0.07),
which meant an average of 6 cases in children per 10,000
COVID-19 cases. The heterogeneity of COVID-19 was
high, and therefore the random-effects model was used.
Egger's test showed that the P>|t| index was 0.386 in COVID-

Table 1 Quality (risk of bias) assessment of included pandemic studies

Study 1. 2. 3. 4. 5. 6. 7. 8. 9.

Was the sample Were study Was the Were the Was data analysis Were valid Was the Appropriate Was

 frame participants sample size study conducted methods condition statistical the response

 appropriate recruited adequate? subjects and with sufficient used for the measured in analysis? rate adequate?

to address in an setting coverage of the identification  a standard,

the target appropriate described identified of the reliable way for

population? way? in detail? sample condition? all participants?

Wu  20203 Y N Y Y UN Y NA NA NA

Kasuga  20209 N N Y N UN Y NA NA NA

Lee  202010 Y N Y N UN Y NA NA NA

Mizumoto  202011 N N N Y UN Y Y Y Y

Nikpouraghdam  202012 N N N Y UN Y Y Y Y

Gujski  202013 N N N Y UN Y Y N NA

Ortenzi  202014 Y N Y Y UN Y NA NA NA

Undurraga  202115 Y N Y Y UN Y NA Y NA

Martins-Filho  202116 Y N Y Y UN Y NA N NA

Paquette  202017 Y N Y Y UN Y NA NA NA

Alaska Department  202118 Y N Y Y UN Y NA NA NA

Stokes  202019 Y N Y Y UN Y NA NA NA

Abbreviations: Y, Yes; N, No; NA, not applicable; UN, unclear.
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Table 2 Characteristics of all included studies

Continent Article Country Age (year) Percentage of Total number of
children and/or patients with

adolescents cases COVID-19
n (%)

Asia Wu 20203 China 0-19 965 (2.2) 44672
Kasuga 20209 Japan 0-19 152 (2.9) 5195
Lee 202010 The Republic of Korea 0-19 987 (7.2) 13672
Mizumoto 202011 Japan 0-19 6 (0.9) 634
Nikpouraghdam 202012 Iran 0-19 10 (0.3) 2964

Europe Gujski 202013 Poland 0-19 86 (7.4) 1157
Ortenzi 202014 Italy 0-19 1355 (1.4) 94312

South America Undurraga 202115 Latin America (Chile) 0-19 40418 (9.1) 444 921
Martins-Filho 202116 Brazil 0-19 335279 (8.4) 3998055

North America Paquette 202017 Canada 0-19 938 (3.9) 24079
Alaska Department 202118 Alaska 0-19 10337 (18.9) 54736
Stokes 202019 America 0-19 69703 (5.3) 1320488

Figure 2 Percentage of children and/or adolescents of all cases diagnosed with COVID-19 was calculated by the single-rate meta-

analysis method 1.
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Figure 3 Between continents, the percentage of children and/or adolescents of all cases diagnosed with COVID-19 was calculated

by the subgroup analysis.

19, which was greater than 0.05, indicating no significant
publication bias. Figure 3 shows that the percentage of
children and/or adolescents with COVID-19 was 0.03 (95%
CI, 0.01-0.05; I2 = 99.5%), 0.09 (95% CI, 0.08-0.09; I2 =
99.6%), 0.09 (95% CI, 0.03-0.16; I2 = 100%) and 0.04 (95%
CI, 0.00-0.10; I2 = 98.3%) in Asia, South America, North
America and Europe, respectively.

This study showed that the percentage of children and/
or adolescents with COVID-19 was low, but not without
infection risk. Therefore, the involvement of children or

adolescents in the transmission of COVID-19 could not
be excluded.

Discussion

This analysis included 12 studies. It reported the
percentage of children and/or adolescents of the total
patients diagnosed with COVID-19. The findings indicated
that the percentage of children and/or adolescents with
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COVID-19 was 0.06 (95% CI, 0.04-0.07). Besides, it
was 0.03 (95% CI, 0.01-0.05; I2 = 99.5%), 0.09 (95% CI,
0.08-0.09; I2 = 99.6%), 0.09 (95% CI, 0.03-0.16; I2 =
100%) and 0.04 (95% CI, 0.00-0.10; I2 = 98.3%) in Asia,
South America, North America and Europe, respectively.
This low percentage of children and/or adolescents with
COVID-19 indicated that children and adolescents might
have low susceptibility to the new coronavirus, but still a
certain risk of infection existed.

Internationally, the prevalence of confirmed COVID-
19 cases is significantly lower in children than in adults;20

however, emerging data suggest that more young children
are being infected.6,21 Some possible reasons for the low
percentage of children and/or adolescents with COVID-
19 are as follows. First, similar to SARS-CoV, the presence
of angiotensin-converting enzyme-2 (ACE-2) protein is
required for SARS-CoV-2 to enter the cells.20,22-24 Relevant
reports have pointed out that undifferentiated cells have a
low expression of ACE-2 and are rarely infected by the
SARS virus, whereas highly differentiated cells have a high
expression of ACE-2 and are infected by the SARS virus
more quickly. ACE-2 is not mature in young children and
hence may not function as a receptor for SARS-CoV-2. In
addition, ACE2-induced intracellular response of alveolar
epithelial cells in children may be lower than that in
adults.23,24 Another possible reason is the higher number
of CD4 cells and the lower number of CD8 T lymphocytes.
The infection of SARS virus type 2 in elderly men is related
to the decrease in the number of CD4 cells compared with
the higher number of CD4 cells in young people.23 In
addition, studies show that a greater proportion of children
have an asymptomatic disease; hence, it is also likely that
the true number of paediatric cases is underestimated.7,20, 25

Therefore, we need to be extra vigilant towards the cases
in children and adolescents.

Although the conclusion of this study was consistent
with the actual situation, the study still had some
limitations. First, most studies on children and adolescents
had no specific age and gender classification, and therefore
subgroup analysis was difficult. Second, many studies could
not be included in this study due to different age grouping
criteria for different studies. Besides, since we included
only English studies, many non-English reports might have
been missed. Finally, only 12 studies with an age limit of
0-19 years were available, and the sample size was
significantly different, which might be the reason for the
heterogeneity in this study. Large-sample studies should

be conducted in the future to analyse the differences in
the percentage of COVID-19 cases between children and
adolescents.

Conclusion

This study showed that the percentage of children and/
or adolescents of all patients diagnosed with COVID-19
was low, but not without infection risk.
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Serum Myeloperoxidase, Paraoxonase and Arylesterase
Enzymes Levels in Children with Bronchiectasis

MC KIYAK, FU KAHRAMAN, AH GEDIK, A KOCYIGIT, FB ÇAKIR, M NURSOY, E ÇAKIR

Abstract Background: The aim of this study was to measure the serum levels of myeloperoxidase (MPO),
paraoxonase (PON1) and arylesterase (ARE) in paediatric patients with non-cystic fibrosis bronchiectasis
(non-CF BE), and to compare these results with healthy controls. Methods: A total of 101 paediatric
patients with non-CF BE and 70 age- and sex-matched healthy controls were enrolled into the study
between November 2010 and November 2015. The levels of MPO, PON1 and ARE were measured in all
participants. Findings: Compared to controls, MPO levels were significantly lower (p=0.001), while
PON1 and ARE levels were significantly higher in the patient group (p=0.001). Conclusion: Our study
reports that the oxidant and anti-oxidant enzyme levels in non-CF BE differ from healthy controls; thus,
suggesting a role in non-CF BE pathophysiology.
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Introduction

Bronchiectasis (BE), is a disorder that causes dilatation
in the bronchi and is characterised by abnormal intense
sputum and coughing. Although BE is, for the most part,
seen in patients with cystic fibrosis (CF), other underlying
diseases, such as primary ciliary dyskinesia (PCD), recurrent
and persistent lower respiratory tract infections etc. may
cause chronic infection and inflammation and can result
in BE (non-CF BE).1

The various enzymes produced by neutrophils and the
secretion of cytokines are fundamental to the inflammatory
process. Myeloperoxidase (MPO) is among the most
important of neutrophilic enzymes, as it plays a crucial
role in the 'oxidative burst' of neutrophils − the primary
mechanism of neutrophil antibacterial defence. This
mechanism results in a series of enzymatic reactions
leading to the production of reactive oxygen species. These
oxidant molecules are normally neutralised by the natural
antioxidant defence system, enabling the levels of oxidants
and antioxidants to be kept in a tight balance which
protects tissues from exposure to excessive oxidant activity
−  while also enabling inflammation to take i ts
physiological course of action. However, chronic exposure
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to oxidative insult may cause significant metabolic,
structural and functional damage in the interstitium and
lung tissues, such as that observed in BE. Therefore, the
levels of the oxidants and the antioxidants would be
expected to have a role in the development and progression
of BE.2-4

Paraoxonase 1 (PON1) is a multifunctional enzyme
produced by the liver and is carried by the high density
lipoprotein (HDL) particle in the circulation. In addition
to its antioxidant and anti-inflammatory properties, the
enzyme is known to have three primary functions:
paraoxonase (PON), arylesterase (ARE) and lactonase. The
antioxidant function of PON1 and its close association
with the HDL particle makes it a crucial part of the defence
against oxidative damage in macrophages and the low
density lipoprotein and HDL particles. The level and activity
of PON1 are known to respond to changes in the balance
of oxidants and antioxidants in various pathologies
involving inflammation.5-8

Enzymes such as MPO (as a measure of oxidant
production), PON and ARE activities (as measures of
antioxidant activity) have been shown to be altered in
asthma, chronic obstructive pulmonary disease (COPD) and
tuberculosis. The levels of these enzymes were studied in
the serum in some studies, whereas they were studied in
sputum and BAL in others. However, there are few studies
which have evaluated the levels of these enzymes in
patients with BE.

In our study, we aimed to determine MPO, PON and
ARE serum levels in children with non-CF BE and to
compare the results with healthy controls. Additionally,
we aimed to determine factors which were associated with
the levels of these enzymes (such as respiratory function
test results, age, sex) in the patient group.

Subjects and Methods

Paediatric patients who were diagnosed with non-CF BE
by HRCT imaging were included in the study. Patients with
acute exacerbations during the last month, patients with
malnutrition and history of using immunosuppressive
medications were excluded from the study. A total of 101
patients with non-CF BE were enrolled as the patient group.
Ninety-three percent (n=94) of the patients had cough,
92.1% (n=93) had increased sputum, 33.7 (n=34) had
clubbing and 5.9% (n=6) had haemoptysis. The final
diagnoses were PCD in 19.8% (n=20), idiopathic in 48.5%
(n=49) and 'other diagnoses' (post-infectious BE,

bronchiolitis obliterans, immune deficiency, etc.) in 31.7%
(n=32) (Table 1).

In patients who were older than five years of age
(n=131), forced vital capacity (FVC), forced expiration
volume in the first second (FEV1), peak expiratory flow
rate (PEF) and medium expiratory flow rate (MEF25-75)
parameters were measured using a spirometer (Spirolab
III, Medical International Research, Italy). The values were
recorded as the percentage of expected values with regard
to age and height. FEV1 values higher than 80% were
considered to show mild disease, 60% to 80% were
identified as moderate, while values lower than 60% were
accepted to show severe disease.9

Control Group

The control group was selected from children who
applied to the Child Health Monitoring Outpatient
Clinic for routine paediatric check-up. A total of 70 age-
and  sex -ma tched  paed ia t r i c  pa t i en t s  w i thou t
malnutrition, chronic/systemic diseases, anaemia and
history of immunosuppressive drug use were enrolled
into the study as the control group.

Enzyme Measurements

Venous blood samples were obtained from the patient
and the control groups after 12 hours of fasting. The blood
was centrifuged at 1000 g for 10 minutes to obtain serum.

Table 1 Distribution of the findings and BE final diagnosis of

the patient group

n %

Cough 94 93.1

Sputum 93 92.1

Haemoptysis 6 5.9

Clubbing 34 33.7

Final diagnosis

PCD * 20 19.8

Idiopathic 49 48.5

Other 32 31.7

*All patients had situs inversus totalis. PICADAR score was over 10.
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distribution were evaluated using the Student's t test in
two-group comparisons. Data with a non-normal
distribution were evaluated using the Mann Whitney U test
for two-group comparisons. In >2 group comparisons, the
One Way ANOVA and the Kruskal Wallis tests were used
for comparison, with regard to normality of distribution.
The Pearson's Chi-square test and Yates' continuity
correction tests (Yates corrected chi-square) were used
to compare qualitative data between groups. The
correlations between parameters were evaluated using the
Spearman's or Pearson's correlation analyses according to
normality of distribution. P values <0.05 were considered
to indicate statistical significance.

Results

Our study was conducted with a total of 171 subjects
(101 in the patient group and 70 in the control group)
aged between 1 and 16 years. Demographic characteristics
of the groups are given in Table 2. Groups were similar in
regard to age and sex (p>0.05 for both). MPO levels of the
patient group were found to be significantly lower than
controls (p=0.001). The serum levels of PON1 and ARE
were found to be significantly higher in the patient group
compared to the control group (p=0.001).

We also evaluated the results of the patient group with
regard to age, sex, respiratory function test results, final

These samples were frozen and stored at -800C until
measurements were performed. MPO, PON, and ARE
levels were determined by the photometric method via an
Abbott Architect C 16000 (Japan) device. In measuring
PON activity in serum, paraoxon was used as the substrate.
The p-nitrophenol resulting from the reaction gives
absorbance at 405 nm in the visible region. Enzyme activity
was identified by measuring the absorption of this product.

Phenyl acetate was used as a substrate to measure the
ARE activity of the PON1 enzyme. The principle of the
experiment is based on measuring the absorbance of the
phenol produced by disintegration with the PON1 enzyme
to phenol and acetic acid, at 545 nm.10

MPO activity was quantified by the modified
o-dianisidine method.11 The mixture for measurement was
composed of 0.1 M phosphate buffer (pH 6.0), 0.01 M
hydrogen peroxide and 0.02 M o-dianisidine. Sample
serum was added and the absorbance change was measured
at 460 nm.12

Statistical Analysis

The NCSS 2007 software (NCSS Statistical Software,
Kaysville, UT, USA) was used for all statistical analyses.
Data obtained by descriptive statistical methods (given
as: mean, standard deviation, median, frequency, ratio,
minimum, maximum) and showed normal Gaussian

Table 2 Characteristics of the groups and the evaluation of the variables

Group

Patient (n=101) Control (n=70) p

Sex

Girl, n (%) 56 (55.4) 35 (50.0) 0.483a

Boy, n (%) 45 (44.6) 35 (50.0)

Age group (months)

0-24, n (%) 5 (5.0) 0 (0.0)

25-72, n (%) 8 (7.9) 27 (38.6)

73 and over, n (%) 88 (87.1) 43 (61.4)

Age (months) Mean ± SD (median) 119.41±45.32 (120) 107.11±43.35 (108) 0.078c

MPO Mean ± SD (median) 104.26±148.97 (58.74) 317.19±485.30 (155) 0.001b

ARES Mean ± SD 534.25±73.41 25.19±11.48 0.001c

PON1 Mean ± SD (median) 113.86±77.41 (112.11) 56.89±36.77 (48) 0.001b

aPearson Chi-Square Test; bMann-Whitney Test; cStudent-t Test; p<0.05
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diagnosis and smoking exposure. While there was a
statistically significant difference between MPO levels
(p=0.009) in terms of age, PON and ARE levels did not
show such differences. The MPO values in children aged
between 0-24 months were found to be significantly higher
compared to other age groups (Table 3). Regarding
exposure to smoking, the serum levels of MPO, PON and
ARE did not show a statistically significant difference
(Table 4). The MPO and PON levels of subgroups according
to patients' final diagnoses were similar (p>0.05); however,
ARE levels showed significant difference according to the
patients' final diagnoses (p=0.047). Analysis with the post-
hoc Bonferroni correction revealed that the ARE levels of
subjects diagnosed with PCD were significantly lower

compared to those diagnosed with idiopathic or 'other'
diseases (p=0.014 and p=0.038, respectively). When
results were evaluated according to respiratory function
tests, the levels of MPO, PON and ARE were found not to
be associated with any functional parameters.

Discussion

In our study, MPO levels in the patient group were found
to be significantly lower compared to control group, while
PON and ARE levels were found to be significantly higher
in the patient group.

To our knowledge, this is the first study to evaluate the

Table 3 Evaluation of the Variables among the Ages of the Patient Group

Age Groups (months)

Patient (n=101) 0-24  25-72  73 and over p

Sex

Girl, n (%) 1 (1.8) 6 (10.7) 49 (87.5) 0.207h

Boy, n (%) 4 (8.9) 2 (4.4) 39 (86.7)

MPO

Mean ± SD (median) 354.77±382.88 (163.00) 125.21±118.78 (77.52) 88.12±117.14 (55.49) 0.009f **

ARES

Mean ± SD (median) 515.21±60.08 (544.06) 539.72±61.33 (553.89) 534.83±75.51 (543.01) 0.777f

PON

Mean ± SD (median) 100.92±75.01 (55.41) 86.84±47.75 (81.36) 117.06±79.74 (120.23) 0.689f

hFisher Freeman Halton Test (Monte Carlo)
fKruskal Wallis Test; **p<0.01

Table 4 Evaluations according to the smoking status in the patient group

ARES MPO PON

Mean ±±±±± SD Mean ±±±±± SD (Median) Mean ±±±±± SD (Median)

Smoking by the patient

No (n=74) 529.30±76.59 92.02±112.02 (61.88) 115.86±78.98 (116.14)

Yes (n=26) 546.69±64.21 136.95±224.60 (53.08) 110.50±74.75 (113.0)

p 0.303c 0.844b 0.869b

r p r p r p

Monthly income -0.017  0.871 0.028 0.786 -0.206 0.041*

bMann Whitney U Test; cStudent-t Test

r=Spearman Correlation Factor; *p<0.05
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levels of MPO, PON and ARE in the serum of paediatric
patients with non-CF BE. However, there are a few studies
which have evaluated these enzymes in other lung diseases.
In the literature, studies focusing on the association
between PON1 levels and respiratory diseases in the
paediatric population are rather scarce. In a study performed
with a group of paediatric patients, the serum PON1 levels
of patients with pulmonary tuberculosis were found to be
lower compared to healthy controls. The authors concluded
that, in this patient group, low PON1 level might emerge
as a result of the down-regulation of oxidative stress.13 In
another study performed in a paediatric population
diagnosed with asthma, serum PON1 levels were found to
be decreased.14 In adults with COPD, Rumora et al reported
significantly lower PON1 and ARE levels compared to
controls. Rumora et al also explained this decrease with
the down-regulation of oxidative stress.15 Another study,
carried out by Acay and colleagues, found that PON1 and
ARE levels were notably low compared to controls in
adults with COPD and asthma.16

In the present study, PON1 and ARE levels were found
to be significantly higher in paediatric patients with non-
CF BE. Normally, this enzyme is produced by the liver,
released into the circulation, and functions in the defence
against free radicals by acting at the tissue level or
systemically in chronic inflammation. As BE is
pathophysiologically different from COPD, asthma and
tuberculosis infection in terms of mucus production and
inflammatory activity, the increase in the blood levels of
these enzymes among patients diagnosed with BE may be
explained by the increase in the production of these
enzymes secondary to the continuous inflammation
observed in BE. Furthermore, despite the fact that these
enzymes are produced at a high rate with an aim to
counteract oxidative stress, it is possible to speculate that
there could be other impairments of the antioxidant
mechanism in patients with BE. Since our study is the first
of its nature in patients with non-CF BE, further studies are
required to elucidate the mechanism of changes in these
enzymes. Future studies would benefit from measuring the
levels of these enzymes in bronchoalveolar lavage samples
or lung tissues in order to obtain a more specific
understanding of the source of change.

Many studies investigating the association between
smoking and PON1 demonstrated that smoking reduced
both the level and the activity of PON1 in the serum.17-19 It
was reported that PON1 activity was significantly lower in
smokers compared to non-smokers and showed a negative
correlation with the number of cigarettes smoked per day.18

In our study, no association was found between exposure
to cigarette smoking and PON1 and ARE enzyme levels in
the group of patients diagnosed with non-CF BE.

As mentioned before, MPO plays a critical role in the
defence against microorganisms, exemplified by the
development of recurrent infections MPO-deficient
inidivduals. It is thought that prolonged airway
inflammation is due to the deficient MPO hydrogen
peroxide-CI system activity in these patients. Reportedly,
patients who were detected to have total and subtotal MPO
enzyme deficiency suffered from increased frequency of
cardiovascular damage and serious infections.20 It was
demonstrated in an animal study that the risk of pneumonia
and death increased in animals with genetically reduced
MPO enzyme activity, following intra-tracheal Candida
albicans infection.21 In our study, MPO levels were found
to be lower in those with non-CF BE compared to the
control group. With this data, it may be speculated that
reduced MPO activity may be associated with reduced
neutrophil activity, leading to continuation of chronic
infection and ultimately resulting in BE development.

In our study, MPO enzyme levels were found to be
significantly lower in the non-CF BE group; therefore,
suggesting a link between decreased bactericidal activity
and BE. However, further studies are necessary to draw
clear conclusions, as there are no other studies that have
assessed MPO levels in paediatric patients with non-
CF BE.

Conclusion

In conclusion, although there is a lack of sufficient
research on the levels of MPO, PON and ARE in paediatric
patients with non-CF BE, our study shows that the activities
of these enzymes are altered in BE. Further studies,
preferably evaluating tissue and bronchoalveolar lavage
samples, are required to increase our understanding of the
roles of these enzymes in the pathophysiology of BE.
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Leukostasis in Leukaemia:
A Child with Sky-high White Cell Count

DCY AU, NC FONG, SC LING

Abstract Acute leukaemia is the most common malignancy in childhood, and could be associated with life-
threatening complications at presentation such as tumour-lysis syndrome. Hyperleukocytosis with
leukostasis is less commonly recognised. Clinical presentation could be confusingly overlapping with
tumour-lysis. High vigilance and early initiation of medical cytoreduction therapy remain as the key to
minimising early mortality and morbidity.

Key words Acute leukaemia;  Hyperleukocytosis;  Leukostasis;  Paediatric intensive care
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Case Report

Case Description

An 8-year-old Nepalese boy with good past health
presented with unexplained fever for 2 weeks and bilateral
parotid swelling. Four days prior to admission he also
developed gross haematuria with generalised oedema over
face and four limbs. He had reduced appetite and subjective
weight loss. On admission, physical examination showed
a tired looking boy with pallor. There were bilateral non-
tender parotid swelling, and generalised non-tender
lymphadenopathies involving cervical, axillary, inguinal
lymph nodes. There were also petechiae over his
lower l imbs.  Abdominal  examinat ion revealed
hepatosplenomegaly of liver 5 cm and spleen 3 cm below
costal margin. Urgent blood tests showed white blood cell
(WBC) count of 538x109/L with 97% blasts up to
522x109/L. Haemoglobin was 7.0 g/dL and platelet count

was 28x109/L. Flow cytometric analysis showed findings
suggestive of pre-cursor B-cell lymphoblastic leukaemia.
Tumour lysis syndrome was suspected in view of
Hyperkalaemia of 6.3 mmol/L, raised serum urate of
0.55 mmol/L, hypocalcaemia of 1.87 mmol/L, a
borderlinely elevated serum phosphate of 1.68 mmol/L
and elevated lactate dehydrogenase (LDH) of 3145 unit/L.
He had oliguria with raised creatinine up to 72 umol/L
(eGFR = 65 ml/min/1.73 m2) requiring intravenous
frusemide. After rasburicase and hyperhydration, the urate
level normalised. Hyperkalaemia normalised with
nebulised salbutamol and one dose of per rectal resonium.
He however remained oliguric. He was covered with
empirical cefepime for possible sepsis.

He deteriorated around ten hours after admission with
vomiting, right-sided weakness and unequal pupils with
left mydriasis sluggish in response to light. Urgent
computer tomography (CT) scan showed right frontal
intracerebral and left pontine haemorrhage (Figure 1). He
was transferred to our paediatric intensive care unit (PICU)
for close monitoring as no surgical intervention was
required after neurosurgical assessment. Haemoglobin
dropped to 4.8 g/dL secondary to haemorrhage and
haemodilution by hyperhydration, and his haemoglobin
raised up to 6.3 g/dL after first transfusion and further to
8.9 g/dL after second transfusion. He was given platelet
transfusions to top up his platelet count to above 100x109/L
in view of intracranial bleeding. His clotting profile was
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serially normal with no need for fresh frozen plasma.
Twelve hours later (i.e. within 24 hours from admission),

he developed drowsiness with decreased Glasgow Coma
Scale (GCS) from 13 to 9. Urgent CT repeated showed static
right frontal and left pontine haematoma, but with new right
occipital haemorrhage. He was electively intubated for
airway protection in view of decreased GCS. Subsequently,
his respiratory condition deteriorated with arterial blood
gas showing impaired gaseous exchange with both hypoxia
and hypercapnia despite optimising ventilator settings.
Partial pressure of oxygen (PaO

2
) remained around 7-10

kPa despite fraction of inspired oxygen (FiO
2
) of 0.8-1

with peak end-expiratory pressure (PEEP) of 7-9 mmHg,
mean airway pressure (MAP) of 10-12 mmHg, peak
inspiratory pressure (PIP) of 17-20 mmHg, with adequate
tidal volume (TV) up to 8-10 ml/kg. Oxygen Index (OI)
was around 11.5. CO

2
 retention was also evident with partial

pressure of carbon dioxide (PaCO
2
) up to 7-8 kPa despite

optimising TV, respiratory rate and I:E ratio. Serial chest
radiographies (CXR) showed increasing generalised
infiltrates (Figure 2). Endotracheal suction yielded blood-
stained aspirate suspicious of pulmonary haemorrhage.
Upon early initiation of dexamethasone within 24 hours
from admission for induction and cytoreduction according
to CCCG-ALL 2015 protocol, his WBC count responded
well dropping from above 500x109/L to below 300x109/L
within 24 hours after dexamethasone. However, he
developed hypotension with bedside echocardiogram

revealing moderate mitral regurgitation (MR) with poor
contractility of shortening fraction (SF) of 19% and
ejection fraction (EF) of 40%, which improved to SF 30%
and EF 58% after commencement of 8 microgram/kg/min
dopamine. High sensitive Troponin-I was raised to
maximum of 7604 ng/L evident of myocardial injuries.
Electrocardiogram (ECG) did not show any changes
suggestive of genuine myocardial infarction. He remained
frusemide-dependent to maintain satisfactory urine output,
with serum creatinine elevated to a maximum of 78 umol/l
(eGFR = 60 ml/min/1.73 m2).

As his WBC count further dropped to below 100x109/L
three days after start of dexamethasone, his overall
condition collectively improved. Arterial blood gas
normalised with ventilatory support weaned and he was
extubated to nasal cannula four days after start of
dexamethasone. CXR cleared up. Dopamine was weaned
off on the same day with repeated echocardiogram showing
moderate MR with borderline but improved contractility
of SF 25% and EF 50%. Good urine output returned with
no further need for frusemide, and serum creatinine
normalised. Parotid swelling subsided in keeping with our
initial suspicion of leukaemic infiltration, therefore no
further biopsy or imaging was required. Fever subsided
and sepsis workup including blood culture, endotracheal
aspirate and C-reactive protein were all negative.

He remained stable and was transferred out to general
ward two days later for further chemotherapy. Bone marrow

Figure 1 (Left) Right intracerebral haemorrhage; (Right) Left pontine haemorrhage.
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Clinical Manifestations of Leukostasis
The clinical presentation of leukostasis is often under-

recognised. The central nervous system (CNS) and the
lungs are most commonly involved. Respiratory symptoms
include dyspnoea, tachypnoea, hypoxia, diffuse alveolar
haemorrhage and diffuse interstitial or alveolar infiltrates
in CXR. Neurological involvement ranges from dizziness,
headache, altered consciousness, to stroke or intracranial
haemorrhage. Other rarer manifestations include acute leg
ischaemia, renal vein thrombosis, myocardial ischaemia,
bowel infarctions and priapism.3,6 As many of these
symptoms could also be directly explained by other
complications of acute leukaemia such as acute lung injury,
tumour lysis, severe symptomatic anaemia, bleeding
tendency due to thrombocytopenia or DIC, leukostasis is
often difficult to recognised unless physicians have high
vigilance to pick up and interpret the multi-organ
involvement as a whole picture.

Our patient had both evidence of leukostasis as well as
tumour lysis syndrome, further adding up to the
complexity of his clinical presentation. Multi-organ
involvement including stroke with multifocal intracranial
haemorrhage, impaired gaseous exchange with hypoxia and
hypercapnia, pulmonary haemorrhage, diffuse infiltrates
on CXR, and myocardial ischaemia with raised troponin
and impaired contractility are evident of leukostasis and
hyper-viscosity. Direct leukaemic infiltration may also
have contributed. His renal impairment could also be
explained by both leukostasis with impaired renal blood
flow as well as tumour lysis evident biochemically by
Hyperkalaemia, hyperphophatemia and hyperuricaemia.
Improvement of all his clinical parameters correlating with
the falling trend of WBC count further implicates
hyperleukocytosis as one of the pathophysiological
culprits.

The pathophysiology of leukostasis remains poorly
understood, with the main theory centered around the less
deformable blasts causing vascular obstruction leading to
tissue hypoxia.1,3,6 Packed cell transfusion has been
associated with increased morbidity and mortality as it
worsens hyperviscosity due to increased haematocrit.7,8 Our
patient only had fresh frozen plasma transfusion prior to
deterioration, and packed cell transfusion was given after
his deterioration with pontine and intracerebral
haemorrhage. The need for intravenous frusemide to
maintain urine output could not account for aggravation
of leukostasis, as haematocrit was maintained stably at
around 20% with concomitant hyperhydration.

biopsy confirmed findings consistent with B lymphoblastic
leukaemia, with cytogenetics positive for t(9;22)(q34.1;
q11.2), and BCR-ABL1 fusion detected by molecular test.
One day after PICU discharge, he was transferred to a local
hospital with paediatric oncology centre for further care.

Discussions

Hyperleukocytosis and Leukostasis
Hyperleukocytosis is classically defined as a WBC

count >100x109/L.1 Its incidence is quoted to be 10-30%
in acute lymphoblastic leukaemia (ALL) in the literature,1,2

and it can occur in other forms of leukaemia such as acute
myeloid (AML) or chronic myeloid leukaemia (CML) as
well. In particular, hyperleukocytosis is found to be more
common in ALL with t(4;11) and t(9;22), with the latter
being confirmed in our patient.1 While hyperleukocytosis
is a laboratory abnormality, leukostasis represents a
medical emergency with symptomatic hyperleukocytosis,
bearing clinical significance with respiratory, neurological
or renal compromise.3 There is consistent data from the
literature to suggest that leukostasis leads to poor
prognosis with high morbidity and early mortality,4,5 as well
as risk of tumour lysis syndrome, disseminated intravascular
coagulation (DIC).3 Lowe et al2 showed in a large pediatric
ALL series that leukostasis was most prevalent in patients
with WBC >400x109/L in ALL.

Figure 2 Interstitial infiltrates on chest radiographies.
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Treatment of Leukostasis
To date, despite the lack of randomised controlled trials

to provide clear recommendation on the preferred approach
for cytoreduction,3 it remains an expert consensus that
early chemotherapy or steroid is usually effective and
adequate in cytoreduction and alleviation of symptomatic
organ involvements. As demonstrated in our case, medical
cytoreduction with hyperhydration and rasburicase
achieved successful management of leukostasis and
concomitant tumour-lysis. Role of leukapheresis is
probably limited and may only be reserved to rare cases
where medical cytoreduction fails.

Conclusion

Acute leukaemia in children can present with
leukostasis which is often clinically under-recognised.
The CNS and lungs are most commonly involved. Timely
medical cytoreduction by chemotherapy or steroid
should be initiated early in attempt to prevent potential
complications.
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Two Cases of KCNQ2 Encephalopathy

YS YEUNG, SP WU, HN CHEUNG, SC CHONG

Abstract KCNQ2 encephalopathy is increasingly recognised as one of the causes of early infantile epileptic
encephalopathy (EIEE). We report two cases of KCNQ2 encephalopathy, presenting as neonatal-onset
seizures refractory to multiple anti-epileptic medications. The diagnosis was confirmed by epilepsy
EIEE gene panel, which analyses hundreds of epilepsy-related genes. The EIEE gene panel is a useful
diagnostic tool in patients with early-onset intractable epilepsy.
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Case Report

Introduction

KCNQ2 encephalopathy is increasingly recognised
as one of the causes of early infantile epileptic
encephalopathy (EIEE). We describe two patients with
KCNQ2 encephalopathy, presenting as neonatal-onset
intractable epilepsy. With the aid of epilepsy gene panel,
the diagnosis of KCNQ2 encephalopathy was confirmed.

Case 1

The f irs t  case was a  female baby of  a  non-
consanguineous Chinese couple. She was born at 38 weeks
gestation by emergency Caesarean section due to failed
induction. Her birth weight was 2.92 kg. Antenatal and
perinatal history were otherwise unremarkable. Regarding
her family history, the patient's paternal aunt had one
episode of convulsion in her teenage. She did not have
medical treatment or follow-up for her seizure, and there
was no recurrence.

The baby first presented with unstable temperature and
convulsion on Day 3 (71 hours) of life. The semiology was
focal tonic and clonic seizures, presenting as rhythmic limb
twitching, increased limb tone, eye deviation, versive head
movements and cyanosis. These seizures lasted for less
than a minute and occurred up to 5 times per day. Physical
examination found a lethargic baby with generalised
hypotonia and weak suckling reflex.

She was given intravenous phenobarbitone, which
resulted in transient seizure control.  Metabolic
investigations, including plasma ammonia, plasma and
cerebrospinal fluid lactate, plasma amino acids,
acylcarnitine profile and urine organic acids were
unremarkable. Cerebrospinal fluid culture and viral study
did not reveal an infective aetiology. Cerebrospinal fluid
neurotransmitter study did not point to a specific diagnosis.
Electroencephalogram (EEG) on Day 4 of life (Figure 1)
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showed no evidence of electrographic seizures or burst-
suppression pattern. The background was symmetrical and
synchronous. The baby still had occasional seizures while
she was put on phenobarbitone, hence the treatment was
changed to levetiracetam and topiramate subsequently.

She was admitted to the paediatric intensive care unit
of another hospital at 2 months of age for status
epilepticus. EEG at that admission showed multifocal
discharges and an episode of electrographic seizure
originating from the left temporal region. Phenobarbitone

was reintroduced, and the dosage of levetiracetam was
increased. Her seizure control had improved since.

Magnetic Resonance Imaging (MRI) scan of the brain
performed at 2 months of age showed mild thinning of
corpus callosum and benign enlargement of subarachnoid
space.

EIEE gene panel identified a heterozygous mutation of
KCNQ2. A novel missense variant of KCNQ2 gene
NM_172107.3:c.1691T>G p.(Val564Gly) was detected in
the patient. The nucleotide substitution from thymine to

Figure 1 (a) EEG of Case 1 performed on Day 4 of life (sensitivity 70 µV/cm); (b) MRI brain (T1W coronal cut) of Case 1, showing

mild thinning of the genu and body of corpus callosum, which measures about 1.8 mm in thickness.

(a)

(b)
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MRI scan of the brain at 4 months of age was unremarkable
apart from benign enlargement of subarachnoid space in
infancy.

Genetic workup of this patient showed a de novo
gross deletion of the genomic region over chromosome
20 q13.33 by an epilepsy gene panel testing using next
generation sequencing of DNA sample extracted from
blood. The finding was confirmed by array comparative
genomic hybridisation analysis. Using postnatal DNA Chip
(v1.0), a copy number loss of 20 q13.33 with 317 kb in
size was detected. This de novo deletion of this genomic
region encompassed 6 genes including partial KCNQ2 gene
(exons 8-17) and the entire CHRNA4 gene, which was
implicated in autosomal dominant nocturnal frontal lobe
epilepsy (ADNFLE). This deletion was expected to create
a truncated protein or disrupt mRNA translation. The same
variant was not reported in the literature. However, sub-
genic deletions of exons 9-17 and 13-17 were reported as
pathogenic. The variant of our case had encompassed the
whole reported pathogenic variant, and therefore it was
expected to be pathogenic.

In addition to this, a copy number gain of Xp22.31 of
approximately 1.2 Mb in size was also detected, and this
duplication was inherited from her asymptomatic mother.
Since her mother was unaffected clinically, this variant
was analysed as unknown clinical significance.

Our patient achieved seizure freedom at 8 months of
age with oxcarbazepine and sodium valproate. EEG
performed at 23 months of age showed occasional sharp
waves arising from the right frontal and central regions
(Figure 2). Nevertheless, she was able to wean off
oxcarbazepine at 2 years of age, and she remained seizure-
free on sodium valproate monotherapy for more than 2
years. She did not exhibit features suggestive of nocturnal
frontal lobe epilepsy.

She was assessed to have mild developmental delay by
the Child Assessment Centre at the age of 22 months, and
she made good progress with the multi-disciplinary support
from Early Education and Training Centre.

Discussion

KCNQ2 encodes the voltage-gated potassium channel
subunit Kv7.2. Its mutations are known to be associated
with benign familial neonatal seizures and EIEE. Benign
familial neonatal seizures typically present in the first
week of life. The median age of seizure onset is 3 days.1 A
family history of seizure is often obtained, as the disease
is inherited in an autosomal dominant manner. It carries a

guanine resulted in a change in the amino acid sequence of
the KCNQ2 gene. Sanger sequencing did not identify the
mutation in either parent, suggesting that it was a de novo
variant. Multiple in silico prediction tools (including
PolyPhen-2) suggested that this mutation was damaging
and affected normal protein function. The variant was absent
from population control exomes and genomes. Hence this
missense mutation was determined to be likely pathogenic.
To our knowledge, this missense mutation has not been
reported in the literature.

This patient was last seen in the outpatient clinic at 12
months of age. She had a mild degree of developmental
delay, in terms of her gross motor and fine motor aspects.
She was able to walk with support, reach out for objects
and make monosyllabic babble. She still had occasional brief
seizures, often triggered by febrile illnesses, while she
was receiving phenobarbitone, levetiracetam and
topiramate.

Case 2

The second case was a female baby of a non-
consanguineous Chinese couple. She was born at 39 weeks
gestation by vacuum extraction due to prolonged second
stage of labour. Her birth weight was 3.1 kg. Her antenatal
and perinatal history were otherwise unremarkable. She
was referred to our unit as she presented with multifocal
clonic seizures on Day 2 (46 hours) of life. These seizures
manifested as twitching of four limbs, followed by apnoea
and oxygen desaturation. Her seizures were controlled with
intravenous phenobarbitone. Physical examination showed
normal limb tone with no sign of encephalopathy or focal
deficits. Cerebrospinal fluid study did not show evidence
of central  nervous system infection. Metabolic
investigations, including serum lactate, ammonia,
biotinidase, plasma amino acid and urine organic acids were
unremarkable. Cerebrospinal fluid lactate was normal. EEG
performed on Day 10 of life was unremarkable, with a
continuous and symmetrical background. No electrographic
seizure or burst-suppression pattern were captured.

She developed frequent focal-onset seizures at 3 months
of life. The semiology differed from initial presentation,
and the seizures manifested as eye deviation, increased
upper limb tone, focal limb twitching with variable
laterality, as well as altered consciousness. These seizures
were frequent and occurred up to 10 times per day.
Phenobarbitone was replaced with levetiracetam. Sodium
valproate and oxcarbazepine were subsequently added
over the following months in hope of better seizure control.
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good prognosis as seizures spontaneously remit in the first
year of life. The risk of subsequent epilepsy was reported
to be 16%, and the chance of neurocognitive impairment
did not appear to be increased.2

Recently, there are increasing reports of KCNQ2
mutations associated with neonatal onset EIEE.3,4 EIEE is
characterised by frequent intractable seizures, presence of
encephalopathy and delayed development.

The genetic characteristics of benign familial neonatal
seizures and early infantile epileptic encephalopathy were
analysed in a study involving 259 patients with KCNQ2
variants.5 It showed that most of the patients with benign
familial neonatal seizures had truncating mutations (such
as frameshift or nonsense mutations), whereas most of the
patients with epileptic encephalopathy had missense
mutations. Also, the majority of KCNQ2 variants in benign
familial neonatal seizures were inherited, whereas the
majority of KCNQ2 variants in KCNQ2 epileptic
encephalopathy were de novo mutations.3,5

KCNQ2 epileptic encephalopathy presents as neonatal-
onset seizures, usually within the first three days of life.4

Reported cases are usually term infants with no particular
gender predilection. Family history of seizures may be
present. Tonic seizures are most often reported, and other
seizure types reported include focal seizures, myoclonic
seizures and epileptic spasms.3 These seizures are invariably
frequent in the neonatal period and early infancy. They
occur multiple times daily, and are refractory to anti-
epileptic treatment.4

EEG of patients with KCNQ2 encephalopathy
performed in the first week of life may show burst-
suppression, dysmaturity, or no abnormal findings.3,4

Follow-up EEGs at older age may show multifocal
epileptiform discharges,  background slowing or
disorganisation, or hypsarrhythmia.4 Our first patient did not
have significant EEG abnormality, and the EEG of the
second patient showed infrequent focal sharp waves, which
are not specific to KCNQ2 encephalopathy.

MRI scans may show diffuse cerebral atrophy, thin
corpus callosum, periventricular increased white matter
signal,  or hyperintensit ies at  globus pall idus or
thalamus.3,4,6 In fact, thinning of the corpus callosum was

Figure 2 EEG of Case 2 (sensitivity 70 µV/cm) showing sharp wave arising from right frontal and central regions.
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noted in our first patient.
KCNQ2 encephalopathy is associated with variable

degrees of developmental impairment. In a group of 17
patients with KCNQ2 encephalopathy, the percentages of
patients with mild to moderate intellectual disability and
severe intellectual disability were 29% and 59%
respectively.7 KCNQ2 encephalopathy patients often
experience comorbidities such as spastic quadriplegia,
dystonia and oro-motor dysfunction.4 For the two cases we
described, a mild degree of developmental delay was
observed.

Contiguous deletion of KCNQ2 and CHRNA4, which
is the case in our second patient, has been reported to follow
a similar clinical course as KCNQ2 encephalopathy caused
by missense mutations.8 These patients presented with
neonatal seizures and subsequent developmental delay.
Family history of neonatal seizures was sometimes present.
These patients did not develop ADNFLE phenotype
associated with CHRNA4 mutation.8

I t  was  repor ted  tha t  up  to  65% of  KCNQ2
encephalopathy patients became seizure-free between the
age of 1 month and early adolescence.7 Nevertheless,
seizures in this group of patients could be difficult to
control despite multiple antiepileptic drugs. There are
reports showing that carbamazepine and phenytoin, both
sodium channel blockers, are effective in achieving seizure
reduction or even freedom in KCNQ2 encephalopathy.6,9

Since the voltage-gated sodium channels and KCNQ2
potassium channels are located in proximity at the
neuronal membrane, it is postulated that the modulation
of sodium channel may affect the function of the
potassium channel as well.6 For our two cases, sodium
valproate, oxcarbazepine, levetiracetam and topiramate
appeared to be effective in achieving seizure control.

We report two cases of KCNQ2-related EIEE,
presenting as neonatal-onset intractable epilepsy,
encephalopathy, and developmental delay. The clinical
presentation and EEG changes represented the milder end
of the spectrum of KCNQ2 encephalopathy. Further
studies are needed to determine the genotype-phenotype
correlation.

The EIEE gene panel employs Next Generation
Sequencing, and targets at hundreds of genes implicated
in EIEE, various genetic epilepsy syndromes, as well as
neurometabolic disorders commonly causing intractable
epilepsy. When applied to patients with EIEE, the

diagnostic yield was reported to be about 34%.10 It is crucial
to establish a genetic diagnosis early, as it guides clinicians
on the selection of antiepileptic medications. In the case
of KCNQ2 encephalopathy, sodium channel blockers are
reported to be more effective in seizure control.6,9

Making a genetic diagnosis can also better inform the
clinicians and caregivers of the anticipated clinical course
and prognosis of individual patients.

For patients presenting with drug-resistant epilepsy in
the neonatal period, especially if their cranial imaging and
metabolic investigations do not reveal a cause, clinicians
should consider EIEE gene panel in obtaining a genetic
diagnosis.
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Usage of Continuous Glucose Monitoring System in
Paediatric Patients with Type 1 Diabetes in Hong Kong

Abstract Purpose: The aim of this study is to analyse the usage of Continuous Glucose Monitoring System (CGMS)
among paediatric population with type 1 diabetes in Hong Kong. Methods: Data was retrieved from the Hong
Kong Childhood Diabetes Registry. Paediatric patients with type 1 diabetes with active follow-up in Hospital
Authority in 2018 were included. Results: Three hundred and sixty patients were included in the analysis. Only
38 patients (10.6%) were regular CGMS users. The mean HbA1c of regular users was significantly lower than
that of the non-regular CGMS users (7.4±1.2% vs. 8.5±1.9%; P=0.0003). The difference was still significant
after adjusting for age, use of insulin pump and parents' occupations (P=0.038). The regular usage of CGMS
was associated with younger age, use of insulin pump and higher socioeconomic position. Conclusions: The
overall usage of CGMS among paediatric patients with type 1 diabetes in Hong Kong was relatively low.

Key words Continuous Glucose Monitoring System;  Paediatrics;  Type 1 diabetes
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Introduction

Regular self-monitoring of blood glucose is a crucial
part of diabetes management to optimise glycaemic control
and to prevent long-term complications.1 In the past, self-
monitoring of blood glucose mainly referred to finger-stick
blood glucose measurement. With the advancement of
technologies, another modality of monitoring, continuous
glucose monitoring system (CGMS), has been gaining its
place in the management of diabetes.

CGMS consists of three components, [i] the sensor which
measures the glucose level in the interstitial compartment
every 5-15 minutes, [ii] the transmitter which transfers the
glucose information to the receiver, and [iii] the receiver
that collects and stores the data. The users can make use of
the data to aid the diabetes management. A standardised
CGM metrics for clinical care has been formulated from
the recent Advanced Technologies & Treatments for
Diabetes (ATTD) consensus in 2019. A unique matrix
generated from CGMS includes an important parameter
called time-in-range (TIR), which is a more informative
indicator than haemoglobin A1C (HbA1c) level in
reflecting the overall glycaemic control.2 In addition to
TIR, CGMS also provides data on glycaemic excursions
throughout the day. The magnitude and frequency of intra-
and inter-day glucose variation could not be reflected by
HbA1c or regular self-monitoring of blood glucose using
finger prick four to six times a day.

CGMS has been implemented clinically in paediatrics
since 1999.3 After the first publication in 2001 showing its
benefits in improving the glycaemic control in children
with diabetes,4 its usage has been growing over the past
two decades.5 Many international consensus guidelines
have been published regarding the use of CGMS.6,7

However, the implementation of this technology has not
been described locally. The aim of our study is to analyse
the usage of CGMS in our local paediatric population with
type 1 diabetes (T1DM) and to compare the clinical features
between the regular CGMS users and non-regular CGMS
users.

Method

Data was retrospectively retrieved from the Hong Kong
Childhood Diabetes Registry. The registry was set up in
2016. It involves all the paediatric departments managing
children with diabetes mellitus in the Hospital Authority
(HA), which governs all the public hospitals and specialist
outpatient clinics in Hong Kong. The registry included the

clinical information of all childhood diabetes diagnosed
from 2008 onwards. The methodology on data collection
was described previously.8

Paediatric patients who were diagnosed with T1DM at
the age of less than 18 years, on or before 31 December
2018 and with active follow-up in HA in the year of 2018
would be included in this study. Diabetes mellitus is defined
according to International Society for Paediatric and
Adolescent Diabetes (ISPAD) Clinical Practice Consensus
Guidelines 2014.9 The type of diabetes was determined by
the physician-in-charge according to the individual's
clinical history and laboratory results. Patients having
alternative diagnosis other than T1DM, or diagnosed at
the age of 18 years old and above, on or before 31 December
2018, or patients who are not actively followed up by HA
were excluded from the study.

A standardised data collection form including the basic
demographics, clinical diagnoses, medical history,
information with respect to glycaemic control including
HbA1c, number of episodes of significant hypoglycaemia
requiring attendance to emergency departments and
diabetes ketoacidosis (DKA), treatment regimens, and
details on the self-blood glucose monitoring modalities in
the year 2018 were filled out by the physicians-in-charge
for each patient and the information was entered into the
database of the registry.

DKA was defined according to ISPAD Consensus
Guidelines 2014 as hyperglycaemia with blood glucose
>11 mmol/L, venous blood gas pH <7.3 or bicarbonate
<15 mmol/L and ketonaemia or ketonuria.10 Regular CGMS
user was defined as those using CGMS for more than or
equal to 80% of the time in the study period. Intermittent
users referred to those using CGMS less than 80% of the
time but at least once every six months. Rare users referred
to those who used CGMS for at least once in the year of
2018 but less frequent than once every six months. Non-
regular users included intermittent and rare users, as well
as all remaining patients who had never used CGMS before.
Patients' socioeconomic position (SEP) was assessed
using their parents' occupations. The parents' occupations
were  ca tegor ised in to  'profess ionals '  or  'non-
professionals' according to International Standard
Classification of Occupations (ISCO-08).11

Statistical Analysis

Descriptive statistical analysis was performed on the
study population. The data was presented as frequency
(percentage) for categorical variables and mean ± standard
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deviation (SD) for continuous variables. Student's t-test
was used for the comparison of continuous variables
between groups (regular CGMS users vs. non-regular
CGMS users). HbA1c between these two groups were
compared using logistic regression model after adjusting
for potential confounders. Dichotomous variables would
be compared by chi-square test. The level of significance
was defined as P<0.05. All statistical analyses were
performed using Stata (StataCorp. 2015. Stata Statistical
Software: Release 15.1 College Station, TX: StataCorp).

Ethics

This study had the approval of the Ethics Committees
of all the clusters under HA. The informed consents from
all children's parents or guardians and adolescents aged
≥16 years according to local regulations for active patients
were obtained.

Results

Three hundred and sixty patients fulfilled the inclusion
criteria and were included for analysis in the study. The
mean age was 13.9±4.1 years old and 41.9% were male.
The mean duration of diabetes was 5.0±3.0 years.

Fifty-six patients (15.6%) had ever used CGMS in the
year of 2018 and 38 patients (10.6%) were regular users.
The usage of CGMS in paediatric T1DM patients in 2018
was summarised in Figure 1.

The mean age in regular CGMS users was younger at
11.6±4.1 years when compared to the non-regular users at

14.1±4.1 years old. The mean duration of illness was
shorter among the regular CGMS users than the non-
regular users (4.1±2.8 years vs. 5.1±3.0 years). Compared
with the non-regular user group, the regular users had
higher SEP. There was also higher percentage of insulin
pump users in the regular user group. The demographics
and clinical characteristics of the CGMS users and non-
users were summarised in Table 1.

The mean HbA1c of regular CGMS users was
significantly lower than that of the non-regular users (7.4
±1.2% vs 8.5±1.9%, P=0.0003) as shown in Table 2. The
difference was still significant after adjusting for age, use
of insulin pump and SEP (P=0.038).

Among regular CGMS users, there were 4 reported
episodes (4 patients) of DKA while 22 episodes (19 patients)
were reported in non-regular CGMS users in the study
period. However, the difference was not statistically
significant (P=0.260). Regarding the number of episodes
of significant hypoglycaemia requiring attendance to
emergency department or admission, none was reported
among the regular CGMS users, while two were reported
in the non-regular users group. Nevertheless, the difference
was not statistically significant (P=0.628).

Discussion

In this retrospective cross-sectional study, we found that
only 15.6% of children with T1DM in Hong Kong had ever
used CGMS; and that the percentage of regular CGMS
users was only 10.6%. As shown in Figure 2, the observed
rate was much lower than that in other developed countries.
The use of CGMS has been increasing all over the world in
parallel to its improved accuracy and growing evidence
on its use with better glycaemic outcomes.12 According to
the data in the United State T1DM Exchange Clinic
Registry and the Prospective Diabetes Follow-Up Registry
(DPV) from Germany and Austria in 2016, the CGMS usage
among paediatric T1DM patients were 19% and 22%
respectively.5,13 Looking at our closer counterpart, Korea,
the percentage of CGMS users among patients younger
than 20 years was 18.7% in 2019.14 One important factor
boosting its use is probably related to the reimbursement
on the cost of the device. The cost of CGMS device is not
inexpensive - it ranges from HKD 1,100 to HKD 3,000 per
month. Without funding or subsidy, it would be
challenging to encourage its use, especially in the low
socioeconomic groups. This is consistent with our
observation that CGMS usage was associated with higherFigure 1 CGMS uptake in paediatric T1DM patients in 2018.
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Table 1 Demographics and clinical characteristics of regular vs. non-regular CGMS users

Regular CGMS users Non-regular CGMS users P-value*

N 38 (10.6%) 322 (89.4%)

Sex, n (%) 0.307
Female 25 (65.8%) 13 (34.2%)
Male 184 (57.1%) 138 (42.9%)

Ethnicity, n (%) 0.010
Asians 33 (86.8%) 310 (96.3%)
Non-Asians 5 (13.2%) 12 (3.7%)

Mean age (years)† 11.6 ±4.1 14.1 ±4.1 <0.001
Mean age ± SD§

Parents' occupations, n (%)‡ 0.005
At least one is professionals 11 (28.9%) 39 (12.1%)
Both are non - professionals 27 (71.1%) 283 (87.9%)

Duration of illness 0.067
<5 years 26 (68.4%) 170 (52.8%)
≥5 years 12 (31.6%) 152 (47.2%)

Use of insulin pumps 5 (1.6%) 5 (1.6%) <0.001

*Chi-square test was used to compare the patients' characteristics of the two groups
†Two-sample student's t-test was used for comparison of the mean age of the two groups
§SD denotes Standard deviation
‡Jobs' natures were classified according to International standard classification of occupations ISCO-08

Table 2 Glycaemic outcomes in paediatric T1DM patients in regular and non-regular CGMS users*

Regular CGMS users Non-regular CGMS users P-value

Number, N (%) 38 (10.6%) 322 (89.4%)
Mean HbA1c in 2018 7.39% ± 1.20% 8.45% ± 1.86% 0.0003
[Mean% ± SD%†]
*Two-sample student's t-test was used to compare the mean HbA1c between the two groups, df=355, t=3.43, p=.0003
† SD denotes Standard deviation

Figure 2 CGMS uptake in different countries.
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socioeconomic position. In the U.S., Germany, Austria and
recently Korea, insurance coverage and government
subsidies on CGMS had contributed to the increased usage
of this technology.5,14 Since Hong Kong has a heavily
subsidised health care system and health insurance is not
mandatory, and the fact that CGMS is not covered for
paediatric patients with T1DM under HA in 2018, this
partly explained the relatively low usage of CGMS in Hong
Kong.15

Apart from the funding limitations, patients' access to
CGMS is also influenced by both patients' and parents'
willingness to start this new diabetes technology, as well
as clinicians' attitudes towards its use and benefits. Hassles
of wearing a device all the time on the body, body self-
image and inadequate medical support were reported as
some of the reasons for patients not using CGMS.15 On
the other hand, while clinicians have a crucial role in
recommending or approving the new diabetes technology
for their patients, different clinicians might have varied
points of view towards this relatively new technology.16

The initiation of CGMS also requires intensive
technological support and guidance. The clinicians would
need to be familiar with the system before introducing this
technology to their patients. As in 2018, there were no
local guidelines regarding the use of CGMS. Although there
are many international guidelines formulated on the use
of CGMS, a clear local guideline tailored to local
situations would facilitate its implementation locally.
Further studies would be needed to delineate the actual
barriers to regular CGMS use in our locality and possible
solutions to increase its usage.

It was observed that the mean age of regular CGMS users
was younger in our study. This was consistent with the
findings from other overseas cohorts.13 Younger children
experienced greater glycaemic variation17 and they cannot
volunteer symptoms of hypoglycaemia18 which can be
readily picked up by CGMS. These could explain the
relatively higher popularity of CGMS in younger paediatric
patients.

CGMS was introduced to our locality around a decade
ago. The percentage of regular CGMS use among paediatric
T1DM patients was 10.7% in 2018. The pace of CGMS
uptake in Hong Kong was actually not too slow at this
initial stage. Comparing to the U.S., the first real-time CGMS
was introduced since 2004,19 and that overall CGMS uptake
in paediatric population was only 4.6% in 2014,20 which
was not high in the initial years as well. However, the rate
grew substantially in subsequent years. As CGMS was
introduced into Hong Kong later than other counties, this
might explain the relatively lower uptake rate in 2018.

In our study, regular CGMS usage was shown to be
associated with lower HbA1c when compared to non-
regular CGMS users. While causality on CGMS use and
better glycaemia control could not be concluded from our
cross-sectional observational study, our findings were
consistent with several large-scaled randomised-controlled
trials.12 The landmark study published by the Juvenile
Diabetes Research Foundation Continuous Glucose
Monitoring Study Group in 2008 had shown that, regular
use of CGMS was associated with improvements in HbA1c
across different age groups.21,22 Similarly, a randomised
clinical trial published recently had also demonstrated a
significant improvement in glycaemic control as reflected
by the reduction of HbA1c from 8.9% to 8.5% after 26
weeks of CGMS use.23 All these studies support the use of
CGMS in improving the glycaemic control in children with
T1DM.

Even though there are lots of advantages with CGMS,
with the current technology, most CGMS models cannot
totally replace finger-stick blood glucose monitoring. The
accuracy of CGMS is commonly measured by mean
absolute relative difference (MARD). MARD is calculated
by averaging the absolute values of the relative difference
between the sensor readings of CGMS and a series of
reference blood glucose samples.24 A MARD value of 10%
is generally regarded as an acceptable accuracy for its safe
use in diabetic management including the adjustment of
insulin dosage.25 Over the past decade, the accuracy of
CGMS has improved with MARD in the range of 8% to
14%.26 In other words, the accuracy of some CGMS models
need further improvement before they could entirely
replace finger-stick glucose monitoring. On the other hand,
the accuracy of CGMS is affected by the rate of fluctuations
in glucose level, hypoglycaemia or use of certain
medications like acetaminophen.27-29 In these situations,
confirmation with glucometer reading would be necessary.
Therefore, rather than over-reliance on CGMS on the exact
glucose readings at a certain time point, it is more useful to
provide information on the glucose trend, as well as the
rate of its change as presented by the 'trend arrows'.30

Patients should understand these limitations and potential
pitfalls of CGMS so as to fully utilise the technology.

There are several limitations of our study. As a
retrospective study, some important information relating
to CGMS usage was not available. These include patients'
reasons for not using CGMS, information on household
income and insurance coverage, as well as attitude of our
local health care professionals towards the use of CGMS.
All these factors would significantly affect the uptake of
this technology in our local population.
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The Hong Kong Hospital Authority has launched the
'Paediatrics Diabetes Enhancement Program with CGMS
support' in 2020. This program aims to improve the control
of high-risk paediatric patients with T1DM through
empowerment of glycaemic control and diabetes
technology. Patients fulfilling the enrolment criteria would
be supplied with certain number of CGM sensors per year,
depending on different enrolment indications. At the same
time, a local guideline on CGMS for healthcare
professionals - 'Continuous Glucose Monitoring System:
Practice Guide for Diabetes Nurse' was published in October
2019.31 It is believed that both initiatives would positively
influence the trend of CGMS usage in the coming years.

Further study would be needed to assess the trend of
CGMS usage, overall glycaemic control and quality
of life of our local children with T1DM after the
implementation of the above measures in the future.

Conclusion

The overall usage of CGMS among paediatric patients
with T1DM in Hong Kong is relatively low when compared
to other parts of the world. Regular CGMS use was
associated with better glycaemic control with lower HbA1c.
Further studies would be required to delineate and tackle
the barriers to regular CGMS usage in Hong Kong, and to
monitor the trend of the use of this diabetes technology
over the years.
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Urge for Childhood Injury Prevention in Ethnic
Minority Families in Hong Kong

Dear Editor,

Paediatric trauma is a major public health concern, which
leads to significant mortalities and morbidities globally.
Among these, unintentional fall injuries, especially in
domestic settings, constituted a major burden in this
locality.1, 2 In particular, accidental fall from home, which
mostly occurs in the toddler group, often leads to grievous
outcome to the child, and guilt in the family. Over the past
eight years, we managed four patients (age range: 2.5 to
4.5 years old) who had sustained injuries due to
unintentional fall from home in our paediatric intensive
care unit, which resulted in two deaths. All patients were
from ethnic minority families, which included three
Nepalese and one Indonesian.

The observed preponderance in ethnic minority in our
experience may partly be explained by the geographical
location of our centre. Nearly one-tenth of ethnic minorities
resides in the Yau Tsim Mong district, which shares the
largest proportion among the 18 District Council districts
in Hong Kong.3 Besides, around 60% of Nepalese lives in
Kowloon,3 which is mostly within the catchment area of
our hospital under the trauma system.

Nonetheless, the phenomenon should not be ascribed
solely to that. Other contributing factors should be sought
to prevent the future occurrence of the tragedies, especially
in some underprivileged families. A survey conducted by
Against Child Abuse in 2012 revealed that 37.3% of the
ethnic minority families had previously left their children
unattended, with a duration more than eight hours in
around 20% of these, highlighting the lack of vigilance in
child protection.4 Currently, parental education on home
safety is conducted in multiple platforms, such as in Mother

Letter to the Editor

& Child Health Centres, schools and community centres.
However, factors like education level and language barrier
may impede the dissemination of information to the target
audience. Furthermore, working parents, inadequate social
support, suboptimal home environments, among others,
are some more predisposing factors for childhood injuries
in this population. There is a pressing need to proactively
reach out to these ethnic minority families, to understand
their concerns and connect them with community and
welfare services, and to empower the families in injury
prevention and child protection. Prompt action is needed
to mitigate the threat to these vulnerable children.
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What is the Diagnosis?

SKL Ho, SSW CHENG, IFM LO

The clinical quiz was prepared by:
SKL HO

SSW CHENG

IFM LO

Clinical Genetic Service, Department of Health, Hong Kong SAR

Our patient was referred to the Clinical Genetic Service
at 8 years old for retinitis pigmentosa. She was born to a
non-consanguineous couple via normal spontaneous
vaginal delivery at 35 weeks of gestation with a birth
weight of 2.5 kg after an uncomplicated pregnancy. She
complained of visual impairment since the age of 5 and
was subsequently diagnosed to have retinitis pigmentosa
by ophthalmologist. She had developmental delay and was

Clinical Quiz

educated in a school for the visually impaired. She had a
history of an atrial septal defect with spontaneous closure
and vestibular anus with operation done. She also had
postaxial polydactyly over the left hand and the right foot
with operation done. Physical examination revealed central
obesity and brachydactyly.

Clinical photos of the proband are shown in Figure 1.

Answer to "Clinical Quiz" on Pages 156-157
N.B. The Editors invite contributions of illustrative clinical cases
or materials to this section of the journal.

Figure 1    (a) Clinical photos of our proband at the age of 8 showing central obesity and (b) brachydactyly (with consent for publication

by parents).
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CLINICAL QUIZ (p153) ANSWER

What is the diagnosis?

Retinal cone-rod dystrophy, central obesity, postaxial polydactyly and cognitive impairment are some of the
cardinal features of Bardet-biedl syndrome (BBS) (MIM #209900). With the diagnosis in mind, targeted genetic
testing was arranged and revealed compound heterozygous pathogenic variants in BBS2 {NM_031885.3} c.534+1G>
T (p.?); c.1237C>T (p.Arg413*). The molecular diagnosis of BBS is therefore substantiated.

What are the clinical features?

BBS is an autosomal recessive non-motile ciliopathy with multisystem involvement and variable expressivity.
Commonly reported clinical features include retinal cone-rod dystrophy, obesity, postaxial polydactyly,
developmental delay, endocrine and genitourinary anomalies. Early diagnosis is challenging as genitourinary
malformations and polydactyly may be the only presenting features in infants with BBS.

Retinal cone-rod dystrophy is the most penetrant feature in BBS and is reported in 94% of patients.1 Other
ophthalmologic presentations, including cataracts, astigmatism and strabismus, have also been described. BBS
patients often present with night blindness followed by progressive peripheral visual impairment and overall loss of
visual acuity due to retinal dystrophy in their first decade of life.2 By the second or third decade of life, affected
individuals are often legally blind.

The majority of BBS affected individuals have a normal birth weight. However, postnatal central obesity is
common in the first year of life, which is frequently complicated with obesity related metabolic complications,
including hypertension and type 2 diabetes mellitus. Hypogonadism presented with delay in puberty and infertility
is common, although some of the affected individuals are reported to have biological children. 59% of BBS patients
are reported to have hypogonadism and variable genitourinary abnormalities. Micropenis, small testis and
cryptorchidism are frequently reported in affected males, while genitourinary malformations such as hypoplastic
fallopian tubes or ovaries, hypoplastic or duplex uterus, absent vaginal and / or urethral orifice, partial or complete
vaginal atresia etc. have also been reported in female individuals with BBS.

Affected individuals may have variable renal involvement with progressive renal parenchymal disease or structural
anomalies such as duplex kidney, horseshoe kidney and dysplastic cystic disease etc. Chronic kidney disease is a
major cause of morbidity and mortality, with up to 6-8% of affected individuals develop end-stage renal disease
requiring dialysis or transplantation.3

Developmental delay and cognitive impairment are reported in up to 66% of individuals.1 However, this figure
may be overestimated as the mild developmental delay in some individuals may be attributed to the underlying
visual impairment. Attention problem and autistic spectrum disorder related features are reported in up to 69% and
77% of individuals with BBS respectively, while ataxia, poor coordination and epilepsy have also been described.4

Olfactory dysfunction is postulated to be related to underlying olfactory cilia defects and is been reported in 47-
100% of BBS patients.5,6 Digit anomalies including postaxial brachydactyly and syndactyly are detected in 79% of
affected BBS patients.1 Various dysmorphic features including macrocephaly, brachycephaly, short and downslanting
palpebral fissures, malar hypoplasia etc. have been reported in various affected individuals but may be subtle and
inconsistent.
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What is the genetic basis of BBS?

BBS is an autosomal recessive disorder belonging to a large group of ciliopathic diseases. It can be caused by loss-
of-function mutations in at least 26 different genes.1 A precise molecular diagnosis often requires a multigene panel
as there is significant overlap in clinical and molecular findings between BBS and other ciliopathies. Some genotype-
phenotype correlations exist but they are not absolute. Variants in one of the eight genes encoding different subunits
of the octameric protein complex (BBS1/2/4/5/7/8/9/18), collectively known as BBSome, accounted for more than
50% of molecularly substantiated BBS.7

What are the management issues for BBS?

A multi-disciplinary approach is required for the management and follow-up of BBS patients. Regular evaluation
by an ophthalmologist for potential visual impairment and strabismus is recommended. Interval neurocognitive
assessment for developmental delay is required. Periodic monitoring of liver, renal functions and abdominal ultrasound
imaging is necessary because of an increased risk of developing liver fibrosis, steatosis and renal parenchymal
diseases in affected individuals. Regular surveillance of growth parameters, including head and waist circumference,
height and weight etc. are recommended. Lipid profile, fasting glucose and HbA1c should be checked regularly from
the age of 4 years old for potential metabolic syndrome association. Dietary modifications for obese individuals and
regular exercising are recommended. Regular evaluation for signs and symptoms of obstructive sleep apnea is
necessary, especially in obese individuals. Interval endocrine assessment is also recommended due to an increased
risk of hypogonadism and hypothyroidism. Surgical correction may be required for structural anomalies such as
congenital heart disease, polydactyly, genitourinary malformations etc.
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Corrections

In the article "Coexistence of Coffin-Siris Syndrome and Stercoral Colitis" by Kara et al and appeared in the October
2021 issue of the journal [HK J Paediatr (new series) 2021;26:227-231], a correction was needed.

On page 227, the author's name i Kara, U Koc should be corrected for iS Kara, U Koc.

This correction has been made to the current online version of the article, which is available at updated website:
https://www.hkjpaed.org/details.asp?id=1358&show=1234
https://www.hkjpaed.org/pdf/2021;26;227-231.pdf



HK J Paediatr (new series) 2022;27:159-160

4. SI units should be used or included in parentheses.

Ethical Consideration

For original clinical study, authors must state that the
protocol for the research project has been approved by the Ethics
Committee of the institution within which the work was
undertaken. All investigations on human subjects must include
a statement that informed consents have been obtained. Patient
anonymity must be preserved. Photographs and video clippings
need to be prepared to prevent human subjects being recognized
unless prior written permission has been obtained. When
reporting experiments on animals, authors should indicate
whether the institutional and national guide for the care and
use of laboratory animals was followed.

The manuscript should usually be arranged as follows:
Title page

This page should include the full names, and affiliations of
all authors. A short title of no more than 40 characters should
also be given. Up to three academic degrees for each author are
allowed. If an author’s affiliation has changed since the work
was done, list the new affiliations as well. Limit the number of
authors to 4 for case reports and clinical quiz.
Abstract and Key words

The abstract should be no more than 150 words summarising
the purpose, methods, findings and conclusions. Authors should
provide no more than five key words to assist with cross-
indexing of the paper. Key words should be taken from Index
Medicus.
Introduction
Methods
Results
Discussion
References

Number references in the order they appear in the text.
References should follow the Vancouver style and should appear
in the text, tables and legends as Arabic numerals in superscript.
Journal titles should be abbreviated in accordance with Index
Medicus. List all authors and/or editors up to six; if more than
six, list the first three and "et al".

Examples of References:
Articles in Journals
1. Standard journal article Greenberg DL, Root RK. Decision

making by analogy. N Engl J Med 1995;332:592-6.
2. Organisation as author The Royal Marsden Hospital Bone-

Marrow Transplantation Team. Failure of syngeneic bone-
marrow graft without preconditioning in post-hepatitis
marrow aplasia. Lancet 1977;2:742-4.

3. No author given Coffee drinking and cancer of the pancreas
[editorial]. BMJ 1981;283:628.

4. Issue with supplement Gardos G, Cole JO, Haskell D, Marby
D, Paine SS, Moore P. The natural history of tardive dyskinesia.
J Clin Psychopharmacol 1988;8(4 Suppl):31S-37S.

The Hong Kong Journal of Paediatrics (HKJP) is a joint
quarterly publication of the Hong Kong College of Paediatricians
(HKCPaed) and The Hong Kong Paediatric Society (HKPS).
The HKJP publishes original research papers, review articles,
case reports, editorials, commentaries, letters to the editor and
conference proceedings. Topics of interest will include all
subjects that relate to clinical practice and research in paediatrics
and child health.

Manuscripts are accepted on the condition that they are
submitted solely to the HKJP and have not been published
elsewhere previously and are not under consideration by another
journal. A complete report following presentation or publication
of preliminary findings elsewhere can be considered.

Categories of articles include the following:

Original Articles The text should not usually exceed 5,000
words excluding references; the number of tables, figures,
or both should normally be not more than six, and references
not more than 50.

Review Articles Reviews are usually invited systematic critical
assessments of literature.

Case Reports Length should not exceed 1,500 words; the
number of tables or figures used should not be more than
two, and references should not be more than 10. Limit the
number of authors to 4.

Commentaries Commentary on current topics is welcome.
Length should not exceed 1,200 words; no tables or figures
allowed, and references should not be more than 20.

Clinical Quiz The clinical quiz should be educational. It should
i) include the description of a case in no more than 250 words
and 3 clinical photos or figures, and ii) provide answers on
the diagnosis, clinical features and findings, and management
of the condition in no more than 1,000 words, 10 references,
and 3 photos, figures or tables.

Letters to the Editor Letters discussing a recent article in the
HKJP are welcome. Original letters that do not refer to an
HKJP article may also be considered. Letters should not
exceed 500 words and have no more than five references.
Published letters may be edited.

Manuscript Preparation

1. Use Arabic numerals for numbers above nine, for designators
(e.g. case 5, day 2, etc.) and for units of measure; numbers
should be spelled out if below 10, at the beginning and end
of sentences, and for fractions below one.

2. Manuscripts should be submitted as a Word document in
British English in the following format: Typed double-
spaced, page size 22 cm. x 29 cm. (8 1/2 in. x 11 in.), page
margins 2.54 cm (1 in), font size 12 pt.

3. Do not use abbreviations in the title or abstract and limit
their use in the text. Standard abbreviations may be used and
should be defined on first mention in the text unless it is a
standard unit of measurement.

Instructions to Authors



160

5. Type of article indicated as needed [i] Fuhrman SA, Joiner
KA. Binding of the third component of complement C3 by
Toxoplasma gondii [abstract]. Clin Res 1987;35:475A. [ii]
Feldman N. Laparoscopic nephrectomy [letter]. N Engl J Med
1991;325:1110.

Books and Other Monographs
6. Personal author(s) Colson JH, Armour WJ. Sports injuries

and their treatment. 2nd ed. London: S. Paul, 1986.
7. Editor(s), compiler as author Dausset J, Colombani J,

editors. Histocompatibility testing 1972. Copenhagen:
Munksgaard, 1973.

8. Chapter in a book Steiner RE, Bydder GM. Clinical nuclear
magnetic resonance imaging. In: Dawaon AM, Compston
ND, Besser GM, editors. Recent advances in medicine no.
19. Edinburgh: Churchill Livingston, 1984:39-56.

9. Conference paper Harley NH. Comparing radon daughter
dosimetric and risk models. In: Gammage RB, Kaye SV,
editors. Indoor air and human health. Proceedings of the
Seventh Life Sciences Symposium; 1984 Oct 29-31;
Knoxville(TN). Chelsea(MI): Lewis, 1985:69-78.

10. Dissertation Cairns R.B Infrared spectroscopic studies of
solid oxygen [dissertation]. Berkeley, (CA): Univ. of
California, 1965.

11. Scientific and technical report Akutsu T. Total heart
replacement device. Bethesda (MD): National Institutes of
Health, National Heart and Lung Institute; 1974 Apr Report
No: NIH-NHLI-69-2185-4.

Unpublished Material
12. In press Lillywhite HD, Donald JA. Pulmonary blood flow

regulation in an aquatic snake. Science. In press.
13. A reference to unpublished work which has not yet been

accepted for publication should not appear in the reference
list but should be cited in the text as unpublished data or
personal communication.

Tables
Each table should begin on a separate page. Number tables

consecutively in the order of their first citation in the text and
supply a brief title for each. Give each column a short or
abbreviated heading. Place explanatory matter in footnotes,
not in the heading. Vertical rules and horizontal rules should
be omitted.

Illustrations (Figures)
Each illustration must be submitted as a separate figure file.

The file name should be the same as the figure number. Preferred
formats for digital artwork submission include Encapsulated
PostScript (EPS), Portable Document Format (PDF), and Tagged
Image Format (TIFF). Letters, numbers and symbols should be
clear and of sufficient size to retain legibility when reduced.
Photographs of persons must be retouched to make the subject
unidentifiable, or be accompanied by written permission from
the subject to use the photograph.

Number illustrations consecutively according to the order
in which they have been first cited in the text. Titles and detailed
explanations should be confined to legends and not included

in illustrations. The legends should be numbered and provided
on a separate double-spaced page.

Supplementary Video Clips
Video clips can be submitted with your manuscript in MP4

file format with H.264 codec. The size of the video should not
exceed 5 MB. Patient anonymity must be preserved unless prior
written permission has been obtained. If accepted, the video will
appear online on the Journal's website, http://www.hkjpaed.org.

Declaration of Interest
All sources of funding for research are to be explicitly stated.

All authors must disclose any financial and personal
relationships with other people or organisations that could
inappropriately influence their work. It is the sole responsibility
of authors to disclose any affiliation with any organisation with
a financial interest, direct or indirect, in the subject matter or
materials discussed in the manuscript that may affect the conduct
or reporting of the work submitted.

If there are no declarations, authors should explicitly state
that there are none. This must be stated at the point of
submission (within the manuscript, after the main text, under a
subheading "Declaration of Interest"). Manuscript submission
cannot be completed unless a declaration of interest statement
(either stating the disclosures or reporting that there are none)
is included. This will be made available to reviewers and will
appear in the published article.

The intent of this policy is not to prevent authors with any
particular relationship or interest from publishing their work,
but rather to adopt transparency such that reviewers, editors,
the publisher, and most importantly, readers can make objective
judgments concerning the work product.

Correspondence
All manuscripts, correspondence and subscription

should be addressed to Chief Editor, Hong Kong Journal
of Paediatrics Limited, c/o Hong Kong College of
Paediatricians, Room 801, HK Academy of Medicine Jockey
Club Building, 99 Wong Chuk Hang Road, Aberdeen,
Hong Kong, e-mail:hkjpaed@paediatrician.org.hk.

Disclaimer
The opinions expressed in the HKJP are those of the authors

and not those of HKCPaed, HKPS or the publisher. The HKJP,
HKCPaed and HKPS do not hold any legal responsibility for
the opinions expressed in the articles, unless this is clearly
specified. The authors should hold legal responsibility for the
content and opinion expressed. Manuscripts and discs are
submitted at the sender's risk and the HKJP, HKCPaed and
HKPS assume no responsibility for return of material.

Offprints
Offprints can be ordered at a cost at the time of proof-

reading.

Distribution
The HKJP is published quarterly and adopts an open access

policy. Electronic copies of all articles are available online at
http://www.hkjpaed.org. Members of HKCPaed and HKPS
will receive quarterly e-mail notification of the Table of
Contents in each of the Journal issues.


