


221

Effective and safe pharmacotherapy for pediatric population: a call for academia to 
conduct clinical research

Melva Louisa

Departement of Pharmacology and Therapeutics, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia

Medical Journal of Indonesia

in children from the International Conference on 
Harmonization (ICH) E11. ICH E11 addressed 
the need for pediatric trials and protection 
for the children’s welfare.6 Children are still 
considered as vulnerable subjects. There is also 
the reluctance from parents and families to 
contribute to clinical research.2

 Here are where the academia initiatives 
for clinical research in a pediatric population is 
greatly needed. Leadership from academia is 
required to provide awareness to all pediatric 
stakeholders. Academia can start with clinical 
networks and provides direction to conduct 
good clinical research practice, particularly in 
children. Pediatric research can begin in medicine 
that mainly affect children. While carrying out 
research, all efforts should be made to minimize 
risks, which include all harms, privacy, and 
confidentiality.3 Children are indeed potentially 
vulnerable population, therefore, the safety 
monitoring committee should be established to 
foresee that the children are closely monitored.2,3 
Informed consent from the parents or legal 
guardian, and informed assent from the children 
aged 7–18 years-old should be obtained to ensure 
that the subjects have agreed to participate and 
their rights have been protected.3 Lastly, scientific 
integrity is a fundamental issue. Academia is the 
key for the conduct of a scientifically sound and 
significant pediatric trials by providing a good 
study design.3

 Two clinical research that involved 
pediatric populations are discussed in the present 
volume: a cohort study for early use of mannitol 
in pediatric intensive care unit,7 and a clinical 
trial of new regimen of albendazole in soil-
transmitted helminths (STH) infection.8 The two 
studies provide data to support the effectiveness 
and safety of the respective drugs in diseases that 
greatly affects children.

Editorial

 Children are not small adults. 
Developmental changes in pediatric populations 
greatly affect their response to medicines. 
As children and adults differ in physiological 
maturity, it is necessary to realize that both 
populations differ in terms of pharmacokinetic 
profiles and pharmacodynamic characteristics. 
Diseases in children also might have different 
pathogenesis and they might also have a unique 
disease pattern as compared to adults.1-3

 Prescribing in children mostly based 
on adult doses, or what might be worse, comes 
from adult guidelines, due to the lack of pediatric 
data. Many of the use of drugs in children, in 
particular for neonates and infants are off-label.4 
The use of medicines based on adult data only 
can be unpredictable and sometimes might cause 
detrimental effects, such as Gray baby syndrome 
with chloramphenicol, Reye syndrome with 
aspirin, or enamel dysplasia with tetracycline.2 
Pediatric population deserves medicines that 
have been proven safe and effective. However, 
pediatric patients are hardly ever represented in 
clinical research.1

 One of the main reasons for the 
lack of data in a pediatric population is the 
reluctance to conduct studies in children due 
to ethical concerns and commercial reasons.4 
Pharmaceutical companies tend to sponsor 
studies in adults than children. Cohen et al5 
showed that in a 20-year period, the number of 
randomized clinical trials in adults has doubled 
in amounts, while the number of pediatric 
trials has been constant. Trials in children 
substantially increase cost, more complex, not 
to mention the more restriction and supervision 
from ethical committees and regulatory bodies. 
Many ethics committees can be over-protective 
due to lack of realization of the need for clinical 
trials in children, despite the advocacy for trials 
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 More studies in pediatric populations, 
especially the high-quality ones, are urgently 
needed. Further fruitful collaborations between 
academia, industry, patient, and families are 
required for the support of safe and effective use 
of medicines in pediatric populations.
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ABSTRACT

Background: Lymphocytes activated by immunization must increase their metabolism to meet the energy requirements for 
mitosis, differentiation, and protein synthesis, which may subject the cell to conditions of relative hypoxia and oxidative stress. 
This study was conducted to investigate the increase in the levels of transcription factors involved in both conditions.

Methods: Male Balb/c mice were divided into the following four groups, each consisting of six animals: the control and three 
experimental groups. The experimental groups were immunized by injection of 0.2 ml of 2% sheep red blood cells (SRBC) 
suspended in phosphate-buffered saline (PBS). Lymphocytes were harvested from the spleens of each group at time intervals of 
24-, 48-, and 72-h post-immunization. The buffy coat from splenocytes was separated using Ficoll Histopaque as the medium. The 
lymphocytes were separated from adherent cells by incubating the purified splenocytes in microtubes for 2-h. Cells were lysed 
by three freeze–thaw cycles (−80°C and 37°C) and used to analyze the levels of HIF-1α and HIF-2α (mRNA and protein), Nrf2 
(protein), and glutathione peroxidase (GPx) activity.

Results: The treatment caused an increase in GPx activity and HIF-1α protein concentration 24-h post-immunization, whereas 
the HIF-1α mRNA levels remained static. Elevated Nrf2 protein levels were detected within 48-h after treatment. Meanwhile, the 
HIF-2α mRNA and protein levels increased within72-h after immunization.

Conclusion: Immunization with SRBC suspension induced relative hypoxia, elevated reactive oxygen species (ROS), and oxidative 
stress in the lymphocytes as indicated by the increase in both HIF-1α and HIF-2α protein and mRNA levels, GPx activity, and Nrf2 
protein levels.
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 Immunization is a method to elicit 
a specific defense response by exposing the 
organism to a foreign substance. The role of 
leukocytes is essential in this phenomenon. The 
immune response is categorized into nonspecific 
and specific immunity. Specific immunity, which 
is the desired outcome of every immunization, 
is mediated by the mononuclear type of 
leukocytes, primarily macrophages or monocytes 
and lymphocytes, which are widely known as 
peripheral blood mononuclear cells (PBMCs). To 
elicit a specific immune response, both types of 
cells must perform various activities, i.e. migration, 
phagocytosis, synthesis of various cytokines, 
mitosis, and differentiation, and ultimately 
produce antibodies. Each activity requires vast 
amounts of energy, which is generally acquired 
through aerobic metabolism. If the oxygen supply 
does not match these metabolic demands, then 
the PBMCs involved in the immunization response 
are said to be in a state of relative hypoxia.1–3

 Almost all states of hypoxia disrupt several 
metabolic pathways in aerobic organisms. In 
response to hypoxic conditions, two transcription 
factors, hypoxia-inducible factor-1 (HIF-1) and 
hypoxia-inducible factor-2 (HIF-2), regulate 
a diverse number of genes that help aerobic 
organisms adapt to these harmful conditions.4,5 In 
addition, it has been reported that hypoxia leads to 
increased levels of reactive oxygen species (ROS).6 
To counteract the ROS, cells possess a group of 
enzymes such as superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx), and 
glutathione reductase (GRed) that quench the free 
radicals. These enzymes are regulated by another 
transcription factor, the nuclear factor erythroid 
2-related factor 2 (Nrf2).7–9

 This study was conducted to explore 
whether the specific immune response mediated 
by lymphocytes in response to sheep red blood cell 
(SRBC) immunization leads to increased expression 
levels of HIF-1α, HIF-2α, and Nrf2 as well as GPx 
activity due to increased metabolic activity.

METHODS

 This was an experimental study 
conducted at the Laboratory of Molecular Biology 
for Oxidative Stress, Department of Biochemistry 
and Molecular Biology, Faculty of Medicine, 

Universitas Indonesia, from October 2016 to April 
2017. The animals were acclimatized for 2 weeks 
before treatment, followed by immunization 
and lymphocyte isolation. Splenocytes obtained 
from this procedure were used for analyzing 
the protein levels of HIF-1α, HIF-2α, and Nrf2 by 
enzyme-linked immunosorbent assay (ELISA); 
mRNA expression analysis of HIF-1α and HIF-2α 
by quantitative real-time reverse transcriptase 
PCR (qRT-PCR) method; and analysis of GPx 
activity by spectrophotometry.

Immunization and lymphocyte isolation
 The animal model was obtained from 
Pusat Studi Satwa Primata, Bogor. This study was 
approved by the Ethics Committee of the Faculty 
of Medicine, Universitas Indonesia (No. 775/UN2.
F1/ETIK/2016). Male Balb/c mice were randomly 
divided into the following four groups, each 
consisting of six mice: control, 24-, 48-, and 72-h. Mice 
from each group were injected intraperitoneally 
with 0.2 ml of 2% SRBC suspension. Furthermore, 
mice from each group were sacrificed after each 
period as indicated. Spleen samples were removed 
and homogenized with 500 μl phosphate-buffered 
saline (PBS). Splenocytes suspended in PBS were 
layered on top of Ficoll Histopaque 1.084 and 
centrifuged at 1,500 rpm for 30 min. The buffy coat 
was removed and washed with PBS. The isolated 
mononuclear cells were resuspended in PBS and 
incubated for 1–2 h to separate nonadherent cells 
from adherent cells. The nonadherent cell fraction 
that primarily contains lymphocytes was extracted 
and stored at −80°C until they were needed for 
analysis. Before analysis, the lymphocytes were 
lysed by three freeze–thaw cycles as follows: the 
frozen samples obtained from the −80°C chamber 
were directly placed in a 37°C incubator for 5 min for 
thawing, after which they were immediately placed 
in −80°C for 5 min, and this cycle was continued 
three times.10

Total protein quantification
 To quantify total protein, 2 μl of the lysed 
samples were placed on a nanodrop plate, and 
the absorbance was measured at a wavelength of 
280 nm. The absorbance was compared with the 
bovine serum albumin (BSA) standard curve to 
determine the total protein concentration.

Analysis of HIF-1α, HIF-2α, and Nrf2 proteins
 The target proteins were quantified by 
ELISA11 antibodies obtained from Elabscience 
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(mouse HIF-1α E-EL-M0687; mouse HIF-2α 
E-EL-M0786; mouse Nrf2 E-EL-M2607).

Analysis of HIF-1α and HIF-2α mRNA relative 
expression
 RNA from the cells was isolated by 
Tripure Isolation reagent (Ameritech, USA) using 
the β-actin housekeeping gene as control. The 
primers used in this process are listed in Table 
1. The mRNA relative expression was analyzed 
using the procedure provided by One Step Kappa 
(KapaBiosystem). The PCR was run for 40 cycles. 
The annealing temperature was 52°C for the HIF-
1α and HIF-2α primers and 54°C for the β-actin 
primer. Then, the Livak method12 was used to 
determine the amount of mRNA in the sample. All 
the primer sequences were obtained from NCBI 
(HIF-1α NM_001313919.1; HIF-2α NM_010137.3; 
β-actin NM_007393.5).

Analysis of GPx enzyme specific activity
 The Ransel (Catalog no. RS505)13 kit 
assay was used to quantify the GPx activity. The 
principle of this quantification method involves 
the spectrophotometric determination of the 
nicotinamide adenine dinucleotide phosphate 
(NADPH) concentration remaining after the first and 
third minute of reaction, measured as absorbance at 
340 nm. The amount of NADPH measured reflects 
the activity of GPx in converting reduced glutathione 
(GSH) into oxidized glutathione (GSSG).

Statistical analysis
 The result obtained from ELISA was 
the absorbance of each sample, which was then 

Table 1. HIF-1α, HIF-2α, and β-actin primer sequences converted into protein concentration through 
a standard curve. The amount of the desired 
protein was standardized to the total protein 
content. Data obtained from the GPx activity 
analysis were also in the form of absorbance, 
which were then converted into the amount of 
GPx enzyme using the equation provided in the 
protocol13 and also standardized to the total 
protein content of each sample. Meanwhile, the 
fold change of target mRNA relative expression 
to the housekeeping gene was measured by the 
number of cycle threshold (Ct) and converted into 
relative expression by the Livak method.12 All data 
yielded from each assay were then evaluated for 
a significant difference by one-way analysis of 
variance (ANOVA) (for data that were normally 
distributed and homogenous), followed by a post-
hoc least significant difference (LSD) to determine 
the group that has a significant difference, and 
the Kruskal–Wallis test (for data that were not 
homogenous and normally distributed).

RESULTS

Expression of HIF-1α mRNA and protein
 The relative mRNA expression of HIF-
1α showed a significant increase in the 48- and 
72-h groups (Kruskal–Wallis test, p=0.002). In 
contrast, the protein expression analyzed by 
one-way ANOVA showed a significant increase 
in the 24-h group (p=0.017) compared to the 
control group and a significant decrease in the 
48-h (p=0.004) and 72-h (p=0.007) groups 
(Figure 1).

Expression of HIF-2α mRNA and protein
 The relative mRNA expression of HIF-
2α was significantly increased at 24- and 72-h 
compared to the control group (Kruskal–Wallis 
test, p=0.034). The HIF-2α protein expression 
increased significantly in the 72-h group as 
analyzed by one-way ANOVA (p=0.036) (Figure 2).

Nrf2 protein levels and GPx specific enzymatic 
activity
 The Nrf2 protein levels were elevated 
in the 48-h group. Regarding the GPx specific 
enzymatic activity, there was a significant increase 
at 24-h post-immunization (one-way ANOVA, 
p=0.002) and a significant decrease after 48-h 
(p=0.000) and 72-h (p=0.001) of immunization 
(Figure 3).

Gene Primer sequence

HIF-1α
forward 5ʹ-GCA CTA GAC AAA GTT CAC CTG AGA-3ʹ

HIF-1α
reverse 5ʹ-GCA CTA GAC AAA GTT CAC CTG AGA-3ʹ

HIF-2α
forward 5ʹ-CTC CAG GAG CTC AAA AGG TG-3ʹ

HIF-2α
reverse 5ʹ-CAG GTA AGG CTC GAA CGA TG-3ʹ

β-actin
forward 5ʹ-CT AGG CCA ACC GTG AAA AG-3ʹ

β-actin
reverse 5ʹ-ACC AGA GGC ATA CAG GGA CA-3ʹ
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Figure 1. Expression of HIF-1α in SRBC-immunized mice after 24-, 48-, and 72-h. (A) qRT-PCR was performed to determine the 
HIF-1α mRNA relative expression after SRBC exposure. mRNA relative expression was compared to control, whereas the control 
value was arbitrarily set to 1. HIF-1α mRNA relative expression was significantly increased two-fold after 48- and three-fold after 
72-h of immunization relative to control group. (B) HIF-1α protein analysis was measured by ELISA. Immunization promotes 
hypoxia, indicated by the elevated levels of HIF-1α protein (2.143 pg/mg protein) after 24-h of SRBC exposure compare to control 
(0.759 pg/mg protein). *p<0.05  

Figure 2. Expression of HIF-2α in SRBC-immunized mice. (A) mRNA relative expression was determined by qRT-PCR method. 
Relative mRNA expression was compared to the control, which was set to 1. HIF-2α relative mRNA expression was increased 
three-fold both in the 24- and 72-h groups, compare control group. (B) HIF-1α protein expression was increased to 3.015 pg/mg 
protein after 72-h of treatment compared to control group (2.016 pg/mg protein) as evaluated by ELISA. *p<0.05

Figure 3. Nrf2 protein expression and GPx activity in SRBC-immunized mice. (A) Nrf2 protein expression was measured by 
ELISA, which showed an increase (41.8 pg/mg protein) 48-h post-immunization compare to control (22.49 pg/mg protein). 
(B) Spectrophotometry was used to determine the GPx activity, which showed an increase (94.5 mU/mg protein) after 24-h of 
immunization compare to control (42.14 mU/mg protein). *p<0.05
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DISCUSSION

 The results of this study indicated that 
SRBC immunization induced a state of relative 
hypoxia in the lymphocytes after 24-h, as indicated 
by the increase in HIF-1α protein levels. This 
phenomenon is caused due to the stabilization 
of the protein rather than de novo synthesis as 
indicated by the low mRNA levels. On the other 
hand, the relative expression of mRNA was elevated 
after 48- and 72-h of antigen exposure, which may 
be the result of de novo compensation of HIF-1α 
levels in response to hypoxic conditions.3,14

 Based on these results, not all mRNA was 
translated to its corresponding protein or that it 
was translated but quickly degraded. Alternatively, 
report shown that the HIF-1α protein expression 
can be regulated by its own downstream target 
gene.15 Thus, the elevation of HIF-1α protein may 
due to the transcription of its own target gene.

 The analysis of HIF-2α mRNA and protein 
levels showed that the relative expression of mRNA 
was elevated 24- and 72-h post-immunization. 
Meanwhile, the protein levels increased 72-h 
after immunization. The increase in mRNA levels 
in the 24-h group is most probably a response 
to relative hypoxia. However, the mRNA was not 
translated immediately into protein, which may 
be due to the high levels of HIF-1α protein.5,14 The 
HIF-2α protein levels were increased after 72-h 
of immunization, which could be attributed to 
the role of HIF-2α protein in prolonged hypoxia; 
thus, the 72-h period after immunization can be 
categorized as chronic hypoxia.14,16

 Previous studies have demonstrated 
that DNA synthesis in PBMCs reaches its 
maximum level at 48-h after stimulation with 
phytohemagglutinin A (PHA).17,18 In our study, 
we applied an immunization procedure using a 
complex antigen, i.e. SRBC suspension. A complete 
immune response includes not only the mitosis of 
both T and B lymphocytes but also the synthesis 
of immunoglobulins by B lymphocytes after their 
differentiation into plasmocytes. It is well known 
that plasmocytes can be easily observed under a 
microscope 72-h after immunization. At this stage, 
plasmocytes synthesize and produce antibodies, 
which require a vast amount of energy. At 72-h 
after immunization, there is a peak in HIF-2α 

levels, which indicates a state of chronic hypoxia. 
In addition, HIF-2α is primarily expressed by 
differentiated cells.2,19

 HIF-2α protein is known for its role in 
supporting the progression of the cell cycle, 
while HIF-1α protein is known for its role in 
supporting the cell to enter the G0 phase (arrest). 
Elevated concentrations of HIF-1α protein 
24-h after immunization may be a response 
to oxygen scarcity. After 48- and 72-h, HIF-2α 
protein initiates angiogenesis, vasodilation, and 
erythropoiesis to meet the lymphocytes’ energy 
requirement for differentiation.19

 Another study using SRBC-immunized 
mice was conducted on macrophages, which 
demonstrated that macrophages had increased 
levels of ROS as a result of the immune response 
to SRBCs.20,21 Moreover, in our previous study, we 
demonstrated that rats that were placed under 
hypoxic condition for an extended period of time 
experienced oxidative stress as indicated by the 
increase in malondialdehyde (MDA) levels and a 
decrease in GSH levels.22 We concluded that this 
paradoxical condition may be due to mitochondrial 
leakage and the high level of xanthine dehydrogenase 
activity. In the present study, we hypothesized that 
healthy lymphocytes under normoxic conditions, 
when immunized, will concurrently exhibit hypoxia 
and oxidative stress. We measured the levels of the 
transcription factor Nrf2, which regulates various 
antioxidant proteins such as GPx.

 This study also confirmed that there 
was a peak in free radical production in the 
24-h group, which could be due to increased 
metabolism of activated lymphocytes, exhibited 
by the elevation of GPx specific enzymatic activity. 
The Nrf2 protein levels were not increased during 
the 24-h time interval, presumably because the 
increase in free radical production can still be 
counteracted by existing GPx. However, 48-h after 
immunization, the lymphocytes were predicted 
to become active and required more energy, 
thereby leading to oxidative stress and ultimately 
the increased expression of Nrf2 protein.

 The Nrf2 protein regulates the transcription 
of not only GPx but also other antioxidant enzymes 
such as catalase (CAT) that has the same substrate 
as GPx.7,8,23 In the 48-h group, the elevated 
concentrations of Nrf2 might also lead to the 
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transcription of CAT. Hence, the high concentration 
of free radicals was neutralized by CAT and the GPx 
enzyme specific activity also decreased.8

 Lymphocytes also experienced oxidative 
stress as indicated by an elevation of Nrf2 protein 
levels after 48-h of immunization. This condition is 
a result of increased levels of oxidative respiration 
required to meet the continuous energy demands 
under hypoxic conditions. Therefore, the findings 
of this study suggest that hypoxia occurs before 
oxidative stress.

 In conclusion, immunization of Balb/c 
mice with SRBC induced relative hypoxia in 
the lymphocytes 72-h after immunization, as 
indicated by the increasing levels of HIF-1α and 
HIF-2α mRNA and protein. Actively proliferating 
and differentiating lymphocytes produce high 
amounts of ROS after 24-h of immunization. 
These ROS were neutralized by the GPx enzyme.
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ABSTRACT

Background: Merkel cell polyomavirus (MCV) has been associated with Merkel cell carcinoma (MCC) in humans, and its role 
in other human cancers is under investigation. The aim of this study was to investigate MCV genome infection in patients with 
colorectal cancer (CRC).

Methods: This retrospective, case-control study used archived formalin-fixed, paraffin-embedded (FFPE) tissue samples from 
colorectal cancer patients (cases) and matched healthy subjects (controls) diagnosed by an expert pathologist from hospitals 
affiliated with Iran University of Medical Sciences, Tehran, Iran from 2011 to 2016. After DNA extraction with a QIAamp® DNA 
FFPE Tissue Kit, real-time polymerase chain reaction (PCR) was used for diagnosis. A positive control was produced by cloning 
with the Generay Biotechnology system. SPSS v.22 was used for analysis of demographic variables.

Results: There were 157 participants included in the study: 66 were cases and 91 were controls. Their mean ages (±SD) were 
59.35±14.48 and 57.21±14.66, respectively. The proportion of males was 57.6% in the case group and 57.1% in the control group. 
None of the samples were positive for MCV expression by real-time PCR assay. Association was detected between males with CRC 
and tumor location in the rectum and between males with CRC and the mucinous tumor type.

Conclusion: None of the tissues from the CRC or non-cancerous control groups were positive for MCV genome infection, although 
a low viral load, the sample type, or the method of use should not be neglected. Further studies are recommended to obtain more 
comprehensive results.
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 Cancer is a life-threatening disease in 
humans worldwide.1,2 Colorectal cancer (CRC) 
is the third most common cancer and includes 
10% of all cases of cancer globally.1,2 Most CRC 
are caused by factors associated with lifestyle 
and age, whereas few occur due to genetic 
and hereditary disorders.2 Viral infections 
are responsible for approximately 10–15% 
of human cancers worldwide.3–5 Studies have 
shown that viruses from the Polyomaviridae 
family are oncogenic in animal models and are 
capable of transforming cells in culture.6 BK 
virus, John Cunningham (JC) virus, Simian virus 
40 (SV40), and the recently known Merkel cell 
polyomaviruses (MCPyV or MCV) have non-
enveloped virions of 45–50 nm diameter.7-8 They 
have a circular double-stranded DNA genome 
with an approximate size of 5 kilobase pairs 
(kbp).9 Generally, polyomavirus (PyV) lytic 
infection is responsible for their pathogenesis, 
but primary infection does not usually lead 
to an acute illness, and low levels of the virus 
establish a latent infection.10 A lack of cell 
culture models for PyV restrict us to the use of 
molecular diagnostics methods.11 The presence 
of PyVs in cancerous patients is associated with 
immunosuppression and a higher risk severe 
PyV disease; therefore, these patients should be 
monitored carefully and managed appropriately 
through their treatment course.10

 Some polyomaviruses, including BK, 
JC, and SV40, have been investigated for their 
association with CRC.10,12 After some evidence 
of non-neuronal JC virus (JCV) complications in 
gastric and lung cancers came to light, Laghi et 
al described the potential risk of JCV in CRC and 
reported that 96% of tissues from CRC patients 
were positive for JCV genomic DNA.13,14 However, 
another study reported a rate JCV infection in 
CRC tissue of about 18.2%, and yet another study 
reported an infection rate of 100% in anal cancer 
tissue.10,15 However, according to a systematic 
review by Chen et al,5 some studies reported the 
absence of BK and JC genomes in CRC tissue.

 Recently, MCV has gained attention due 
to its association with rare human cancers.7 MCV 
infection is common in the human population 
and is detected in various locations, such as 
skin of neuroendocrine cell origin.7,16 Given 
the carcinogenicity of MCV, the relationship 
between infection by this virus and various 

cancers, including skin tumors, non-Merkel 
skin tumors in neuroblastoma, central nervous 
system tumors, lung cancer and mesothelioma, 
has been investigated.11,17,18 However, in some 
high-grade neuroendocrine tumors of different 
body sites, there were no positive results for MCV 
DNA.18 Integration of the MCV genome in Merkel 
cell carcinoma (MCC) could stimulate cancer 
progression.18,19 Mutation or deletion of nucleotide 
sequences in the early genomic region could 
produce a truncated T antigen, impaired replication 
of the viral genome, and cell transformation.18

 Some researchers have identified the MCV 
genome in CRC specimens, but currently there is 
not enough information about the role of MCV 
in CRC.5,18 The rationale for investigation MCV 
in CRC is the probable similar epidemiological 
pattern and association of some PyVs in CRC.20 
Studies investigating the possible role of MCV in 
CRC are rare, and the majority of explorations 
were performed comparing cancer tissues with 
pre-cancerous lesions and did not include control 
subjects.18,20 In addition, there are no data on the 
prevalence of MCV in the Iranian gastrointestinal 
cancer patient population. Accordingly, this study 
sought to investigate the presence of the MCV 
genome in CRC compared with pre-cancerous 
healthy tissue lesions as a control group.

METHODS

Study population
 In this retrospective, case-control study, 
patients diagnosed by expert pathologists 
from hospitals affiliated with Iran University of 
Medical Sciences, Tehran, Iran from 2011 to 2016 
were included. Consent was obtained from each 
patient. Ethical approval was obtained from the 
ethics committee of Iran University of Medical 
Sciences, Tehran, Iran by the code: IR.IUMS.
FMD.REC 1394.26295. Archived formalin-fixed, 
paraffin-embedded (FFPE) blocks were collected 
from patients with CRC (66 cases) and matched 
healthy subjects (91 cases) as controls. All 
subjects underwent endoscopy and colonoscopy 
with the use of a Fujinon endoscope (Fujinon, 
Japan). Patient data were collected from the 
medical record repository. Included CRC patients 
were sporadic, non-familial cancerous cases and 
gave written consent. The healthy control group 
included participants who underwent total 
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colonoscopy, matched by sex and age with the 
case group, and had no malignant lesions. Slides 
stained with hematoxylin and eosin (H&E) were 
reviewed by an experienced pathologist, and 
20-micron-thick slices were used for all samples.1

DNA extraction
 The QIAamp® DNA FFPE Tissue Kit 
(QIAGEN, Hilden, Germany) was used for genomic 
DNA extraction from CRC patients and healthy 
pre-cancerous lesions patients.21,22 Purified DNA 
was quantified by using a NanoDrop ND-1000® 
(Thermo Fisher Scientific Inc., Waltham, MA, 
USA) spectrophotometry. DNA was kept at −20˚C 
before use.

Real-time polymerase chain reaction (PCR)
 A real-time PCR assay was optimized 
for evaluation of the T-Large Ag (LT) of MCV 
by the SYBR Green method. Specific forward 
(5’-TCTTCCTCTGGGTATGGGTC-3’) and reverse 
(5’-ATTGGGTGTGCTGGATTCTC-3’) primers for 
LT Ag from previous authors works were used 
(17, 23). The Rotor-Gene-Q 6000 thermocycler 
(Corbett, Australia) was used for real-time PCR 
assay optimization. The melting curve was 
analyzed to investigate the reaction specificity 
(PCR product differentiation from non-specific 
amplification). The components of the total 
reaction mixture were 2× Amplicon III mix 
(Odense M, Denmark) 7.5 μl, each forward and 
reverse primer to a 0.5 μM concentration, each 
sample or control to a 0.2–0.5 μM concentration, 
and distilled water to obtain a total volume of 
15 μl. To increase the accuracy of the analysis, 
a duplicate test was performed for each test 
sample. The cycling program used consisted of 
an initial denaturation for 5 min at 95˚C and 40 
cycles of 30s at 95˚C and 30s at 57˚C; acquisition 
at annealing extension was performed. Five-
second Intervals from 50˚C to 99˚C were used 
for melting curve analysis. A positive control was 
obtained from the work of previous authors, and 
its quality was confirmed by cloning and real-
time PCR methods.17–23 The full-length MCV LT 
Ag target of the forward and reverse primers was 
cloned and analyzed on the basis of previously 
published protocols.18,24

Statistical analysis
 All data were entered into Statistical 
Product and Service Solutions (SPSS) software 
version 22. Chi-square analysis or Fisher’s exact 

test were used to evaluate the data with regard to 
categorical and qualitative variables such as lymph 
node involvement or tumor stage. A p-value ≤0.05 
was considered to indicate statistical significance.

RESULTS

Study population
 A total of 157 specimens including 66 
CRC cases and 91 healthy controls participated 
in this study. Of the 61 cases, the mean age (±SD) 
was 59.35±14.49 and 57.6% were male. Of the 
91 healthy participants, the mean age (±SD) was 
57.21±14.66 and 57.1% were male. Demographic 
and pathologic characteristics of the case and 
control groups are shown in table 1.

Real-time PCR assay
 All 157 samples were analyzed by real-
time PCR assay to determine the prevalence of 
MCV by using specific LT Ag primers. Although 
the positive and negative controls produced a 
reasonable amplification curve (not shown), 
none of the specimens produced a positive signal. 
A melting curve diagram showed the specificity 
of the primers and conditions for MCV detection. 
Confirmation of the positive control by specific 
primers that were used in the current study 
was carried out by PCR, and the result is shown 
in Figure 1. Plasmid sequencing results for the 
positive control are shown in Figure 2.

Statistics
 Statistical analyses of different 
demographic variables by pathologic data 
showed no significant results in the comparison 
of CRC outcome with gender, although CRC was 
more often seen in males. Rectum location and 
mucinous type of CRC in males were statistically 
significant (p≤0.05).

DISCUSSION

 The relationship between polyomavirus 
infections and gastrointestinal malignancies is 
under investigation.18 In recent studies, the JCV 
and MCV genomes have been identified in sewage 
and environmental samples, which indicates the 
possibility of transmission of these viruses by 
the oral-fecal route.24 The targets of MCV could 
be epithelial, digestive, nervous system, and 
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sometimes kidney tissues.8 Rapid diagnosis of 
MCV in colonic adenoma is important for choosing 
appropriate intensive treatment strategies for 
these patients.11 A molecular-based therapy 
could improve clinical outcomes and reduce 
disease severity. Based on our findings by the 
present study, it is not applicable to Iranian CRC 
population, although our limited population or 
potential inhibitors from human tissue could have 
impacted on the infection detection frequency.

 Polyomavirus-associated CRC might 
be transferred by meat as hypothesized by 
zur Hausen.25 Beef has been shown to contain 
different human and animal polyomaviruses, such 
as MCPyV, human polyomavirus 7 (HPyV7), and 
raccoon polyomavirus (RacPyV).25 MCV, like some 
other polyomaviruses, secretes tumor antigen 
(T-Ag) oncoproteins that could readily induce 
tumor formation.17 One possible mechanism 

Table 1. Demographic and pathologic characteristics of our study population (n=157)

*The ileum mainly categorized as CRC case by pathologist diagnosis

 
Figure 1. PCR confirmation of MCV LT Ag cloned into the 
pTZ57R/T plasmid as a positive control with the specific 
primers used in the present study. 1-3: triplicate plasmid 
clones that were used as positive controls; 3: non-template 
negative control

http://mji.ui.ac.id

Category of variables Variables
Male (%) Female (%) Total (%)

Case
38 (57.6)

Control
52 (57.1)

Case
28 (42.4)

Control 
39 (42.9)

Case
66 (100)

Control
91 (100)

Descriptive
Age (years), mean (SD) 59.13

(14.601)
56.50

(15.624)
59.64

(14.589)
58.15

(13.412)
59.35

(14.486)
57.21

(14.661)

Age (years), range 27–81 15–89 28–85 26–81 27–85 15–89

Sample location

Colon 15 (39.5) 15 (28.8) 14 (50.0) 14 (35.9) 29 (43.9) 29 (31.9)
Rectum 10 (26.3) 16 (30.8) 3 (10.7) 9 (23.1) 13 (19.7) 25 (27.5)
Cecum 7 (18.4) 5 (9.6) 4 (14.3) 11 (28.2) 11 (16.7) 16 (17.6)
Ileum* 1 (2.6) 4 (7.7) 1 (3.6) 1 (2.6) 2 (3.0) 5 (5.5)

Sigmoid 5 (13.2) 12 (23.1) 6 (21.4) 4 (10.3) 11 (16.7) 16 (17.6)

Tumor Differentiation

Well 21 (55.3) - 15 (55.6) - 36 (55.4) -
Moderate 13 (34.2) - 8 (29.6) - 21 (32.3) -

Poorly 1 (2.6) - - - 1 (1.5) -
Undifferentiated 3 (7.9) - 4 (14.8) - 7 (10.8) -

Lymph node involvement
Involved 10 (26.3) - 9 (32.1) - 19 (28.8) -

Not involved 28 (73.7) - 19 (67.9) - 47 (71.2) -

Tumor stage

T1 4 (10.5) - 2 (7.1) - 6 (9.1) -
T2 6 (15.8) - 3 (10.7) - 9 (13.6) -
T3 18 (47.4) - 18 (64.3) - 36 (54.5) -
T4 10 (26.3) - 5 (17.9) - 15 (22.7) -

Mucinous type
Mucinous 14 (36.8) - 6 (9.1) - 20 (30.3) -

Non-mucinous 24 (63.2) - 22 (33.3) - 46 (69.7) -

Tumor grade
High grade 16 (42.1) - 11 (16.7) - 27 (40.9) -
Low grade 22 (57.9) - 17 (25.8) - 39 (59.1) -

Total 90 (57.3) 67 (42.7) 157 (100)
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Figure 2. Plasmid sequence of MCV LT Ag cloned into pTZ57R/T, which was used as positive control

of MCV oncogenesis is based on the LT and sT 
antigens that downregulate Toll-like receptor 
9 (TLR9), an important receptor for the innate 
immune system. This downregulation could 
suppress the CCAAT-enhancer binding protein β 
(C/EBPβ) transcription factor and cause further 
defects in immune responses and consequences 
for cell proliferation.26 Another proposed 
mechanism is sT antigen downregulation of 
NF-kB-mediated transcription and further 
triggering of carcinogenesis.26 Moreover, there 
are some functional domains in the sT Ag that 
present a DnaJ domain and contain zinc (Zn) 
binding sites. The PPAR1/NEMO binding site 
and a large T stabilization domain in MCV have 
roles in oncogenic processes.27 Although some 
researchers have identified the genome of MCV 
polyomavirus in CRC patients, currently, there 
is not enough information about the role of 

MCV polyomavirus in CRC.5,7 In addition, there 
is no information on the prevalence of MCV 
in samples of gastrointestinal cancers in the 
Iranian population. Therefore, this study aimed 
to investigate the presence of the MCV genome 
in CRC patients. Our studied samples included 
66 subjects with CRC and 91 healthy individuals 
who underwent total colonoscopy and had non-
cancerous masses. After DNA extraction, real-time 
PCR was conducted by using LT Ag region-specific 
primers. According to the results of the present 
study, none of the samples were positive based 
on the confirmed positive and negative controls 
when specific T antigen primers were used. It is 
likely that that the level of MCV infection in our 
community is low, especially in people with CRC 
complications, although there have been some rare 
reports of MCV infection in different malignancies 
in Iran.9,7,23,28–30 Also, MCV genome positivity was 
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reported in 40%–100% of cutaneous swabs from 
clinically healthy subjects, and MCV was detected 
in respiratory secretions, on oral and anogenital 
mucosa, and in the digestive tract.31 Our negative 
results may also have been caused by inhibitors 
from human tissue or the formalin fixation step 
performed in FFPE blocks.

 Some reports showed viral capsid protein 
antibodies to MCV in healthy subjects, although 
the same is true about other known human 
polyomaviruses (BK, JC, KI, and WU viruses).31–33 
In one such study, MCV seroprevalence was 0% 
in infants, 43% in children 2–5 years of age, 
and up to 80% in adults older than 50 years.34 
Studies showed 87.1% MCV antibody prevalence 
in adulthood,35 increasing from 45% in children 
under 10 up to 81% in adults older than 60 years, 
and seroprevalence of 91% in MCC patients, 
compared with 68% in a control group.36 The 
current study did not evaluate anti-MCV antibody 
positivity, which is recommended in further 
studies to obtain more comprehensive results, 
although anti-MCV antibody prevalence might be 
omitted since it has no correlation with CRC nor 
with the pathogenesis of CRC.

 Some studies in Iran detected MCV 
in different malignant and non-malignant 
populations. Sadeghi et al17 in one such Iranian 
study reported an MCV prevalence of 59% in 
patients with central nervous system (CNS) 
tumors, and they indicated the existence of a low 
MCV viral load. Another study in Iranian patients 
by Salehi-Vaziri et al9 detected 33% MCV positivity 
in cervical specimens and 12.5% in coinfection 
with HPV. They concluded that MCV co-infection 
with HPV could lead to progression of malignancy. 
Mohebbi et al28 in head and neck squamous cell 
carcinoma patients showed 16% prevalence of 
MCV infection. Although they found a significant 
association between an increased viral load 
and a higher cancer stage, they concluded that 
its association should be investigated further. 
Another study by Yahyapour et al29 on esophageal 
squamous cell carcinoma (ESCC) showed that 
MCV DNA was detected in 45% of ESCC cases 
and 35% of non-malignant controls. Based on 
the literature, studies in other malignancies have 
been reported frequently. Baez et al37 reported 
a case of MCV DNA in a penile cancer patient. A 
study by Katano et al19 on MCC patients showed 
MCV positivity in 55% and 6.1% in Kaposi’s 

sarcoma patients, but did not detect it in autopsy 
samples from immunodeficient patients. Our 
study showed no positive results for the presence 
of the MCV genome in the studied population; 
further studies are required to verify the low 
rates of MCV infection in Iranian CRC patients. 
Furthermore, using more precise methods, such 
as nested PCR, or using fresh samples can be 
helpful when the viral load is low.

 In CRC patients, Campello et al18 designed a 
case-control study to investigate MCV in fresh tissue 
from 64 CRC patients and fresh biopsies from 80 
matched relatives. They also examined 144 blood 
samples. After using PCR and sequencing, they 
reported that 6.3% of cases and 8.8% of controls 
were infected by MCV. Blood samples showed an 
overall rate of MCV infection of 12.5%. This result 
showed a low frequency of MCV in the colon, 
although they used fresh samples for analyses. 
The present study used FFPE samples, and we 
could not detect any MCV positive specimens. A 
low copy number of the MCV genome based on 
previous studies and using FFPE blocks could have 
affected our results. Also, due to the retrospective 
study design and not having any blood samples, 
we were not able to verify our results serologically. 
Our population had similar ages in the CRC group 
to those in the study by Campello et al,18 which 
showed that other confounding effects or different 
socioeconomic factors could produce negative 
results in the detection of MCV, although there was 
a detectable frequency of MCV in our country in 
different populations.9,17,28,29

 This study did not detect MCV infection 
in cancerous and non-cancerous colorectal 
specimens, a negative result could have been 
due to the low prevalence rates of the virus in 
the community or CRC population and/or a low 
viral load in the studied samples. Confirmatory 
studies using a larger sample size and different 
specimen types are recommended for a more 
thorough understanding of the MCV infection 
prevalence in CRC.
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Poor treatment compliance leads to a higher mutation for rifampicin resistance in 
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ABSTRACT

Background: Multidrug therapy (MDT) is a safe and effective drug combination for leprosy treatment that can prevent drug 
resistance. Mycobacterium leprae resistance, especially to rifampicin, is a serious problem as it potentially thwarts the worldwide 
leprosy-elimination program by the World Health Organization (WHO). One of the suspected causes of rifampicin resistance is 
poor treatment compliance. It was necessary to assess the association between the treatment compliance and the occurrence of 
mutation rifampicin resistance in multibacillary (MB) leprosy patients.

Methods: A comparative, analytical, cross-sectional study was performed in MB leprosy patients who had completed treatment 
at the Dermatovenereology Outpatient Clinic in Cipto Mangunkusumo Hospital and the Sitanala Center for Leprosy Hospital from 
Oc tober 2012 to April 2013. Based on treatment regularity and history of drug discontinuation, the subjects were classified as 
either having good or poor compliance. Skin smear from a slit skin smear (SSS) examination was further analyzed by using the 
polymerase chain reaction (PCR) sequencing technique to detect rifampicin resistance.

Results: Fifty-seven study subjects were enrolled in this study. In the good treatment compliance group (29 subjects), only 1 case 
of mutation for rifampicin resistance was found. Meanwhile, in the poor drug compliance group (28 subjects), 8 cases of mutation 
for resistance (29%) were found. This difference in mutation rate was statistically significant (OR=11.2; 95% CI=1.296–96.787; 
p=0.012).

Conclusion: This study revealed that the risk of occurrence of M. leprae resistance to rifampicin in patients with poor drug 
compliance was significantly higher than in those with good drug compliance.
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 Leprosy is a chronic infectious disease 
caused by Mycobacterium leprae (M. leprae), 
which initially affects peripheral nerves and 
subsequently extends to nearby skin tissue, 
the oral mucosa, upper respiratory tract, 
reticuloendothelial system, eyes, muscles, bones, 
and testicles.1 Previously, dapsone was the 
only antibiotic given to treat leprosy. However, 
emerging resistance to this monotherapy strategy 
has led to the introduction of multidrug therapy 
(MDT) by the World Health Organization (WHO) 
in 1981.2–4 This MDT is a combination of drugs 
proven to be safe and effective to treat leprosy.5 
For multibacillary (MB) leprosy, MDT consists of 
rifampicin, dapsone, and clofazimine, whereas 
for paucibacillary (PB) leprosy, it consists 
of rifampicin and dapsone.6 It is well known 
that administering 2 or more antibiotics with 
different mechanisms of action in combination 
can help to prevent drug resistance.3 Resistance 
to MDT, especially rifampicin, warrants special 
attention because it is a potential cause of failure 
of the worldwide leprosy-elimination program 
by the WHO.7

 Rifampicin is a strong bactericidal 
antibiotic effective against both gram-positive 
and gram-negative bacteria.8 Single-dose of 
rifampicin is proven effective at eradicating 
99.99% of M. leprae.9 Its bactericidal effectivity 
works through inhibition of DNA-dependent 
RNA polymerase, which is coded by the rpoB 
gene. Therefore, any mutation within the gene 
and/or its associated gene(s) could result in a 
conformational change in the polymerase that 
hinders rifampicin adherence.10 Another possible 
mechanism of rifampicin resistance is a change in 
bacteria cell wall permeability, which reduces the 
total amount of rifampicin available in the cell8,10

 Resistance to any component of leprosy 
MDT is confirmed by M. leprae inoculation on 
the sole of a guinea pig foot or by biomolecular 
study using polymerase chain reaction (PCR).11 
This biomolecular study can detect specific 
drug-resistance-causing gene mutations.12 The 
mutation can be detected even if the specimen 
contains a low bacterial load.13

 A study conducted by Maeda et al14 in 
2001 encompassing several countries such as Ja-
pan, Haiti, Indonesia, Pakistan, and Philippines 
showed that 13 of 88 isolates (14.8%) are mul-

tidrug-resistant M. leprae. In 2007, Matsuoka11 
found that from 252 isolates, rifampicin resis-
tance in relapse cases reached 20% in Maluku 
Utara, Indonesia and Sulawesi Utara, Indonesia, 
while it was only 8.3% in Yangon, Myanmar. In 
this study, isolates were taken from all leprosy pa-
tients who fulfilled the inclusion criteria, regard-
less of completion of therapy.7

 There are two possible etiologies for 
rifampicin resistance. Firstly, resistance is 
correlated with a previous history of rifampicin 
monotherapy.8,15 Secondly, it is related to poor 
compliance, including self-regulated drug 
administration and early treatment withdrawal.15 
Several reasons underlying poor compliance 
are physical limitations (elderly and disability/
body deformity), inability to visit the physician 
during working hours, drug side effects, doubt 
in drug efficacy, social stigma, lack of reliable 
transportation, and location of the health care 
center far from home. However, Kar et al16 
conducted a retrospective cohort study related to 
MDT compliance in 254 leprosy cases from 2002 
to 2005 in India, and this study found that the 
poor compliance rate was higher in large urban 
centers, even though health care centers are 
readily available and the patients are much better 
educated than in rural areas.

 This study was aimed to evaluate the 
association between rifampicin resistance and 
poor treatment compliance in MB leprosy patients 
after completion of treatment.

METHODS

 This is an analytic, comparative, cross-
sectional study in MB leprosy patients who had 
completed a treatment course.

Subjects and sample size
 Multibacillary leprosy patients at the 
Dermatovenereology Outpatient Clinic of the 
Cipto Mangunkusumo Hospital (PKK-RSCM) and 
Sitanala Center for Leprosy Hospital Tangerang 
with a positive slit skin smear (SSS) bacterial index 
who had completed an MDT treatment course were 
included in the study. Based on the previous study, 
the rifampicin-resistant mutation prevalence was 
44% in the poor treatment compliance group and 
14% in the good treatment compliance group.15 

http://mji.ui.ac.id



Siskawati, et al.
Rifampicin resistance in leprosy 239

Therefore, the minimum number of subjects in 
each group using the sample size formula for 
proportion comparison was 28 subjects.

Study procedure
 Patients who fulfilled the clinical eligibility 
criteria underwent SSS laboratory examination 
to determine if they met the positive bacterial 
index criteria. Three locations for SSS specimen 
collection were chosen according to previous 
SSS examination during the early evaluation. The 
blade which had been utilized to take a smear from 
each location was placed into an Eppendorf® tube 
for the M. leprae DNA suspension and extraction 
process using the QIAGEN QIAprep® Spin 
Miniprep Kit. Each specimen containing extracted 
M. leprae DNA underwent the next step, which 
was rpoB gene amplification, initially by PCR. 
Specimens showing negative results underwent 
subsequent nested PCR. Both PCR processes were 
carried out using the Takara® PCR Thermal Cycler 
(model TP 600). Finally, the amplified target gene 
was sequenced by using Dual CyCyeTM Terminator 
Sequencing Kits (ABI) to detect the specific 
nucleic acid arrangement.

Evaluation technique
 Mutations in the rpoB gene that could 
cause significant resistance to rifampicin were 
defined as any type of mutation found in gene 
codon numbers 407, 416, 420, 425, and 427; or 
one amino acid insertion between codon numbers 
408 and 409.17 At the same time, the subjects 

were classified into 2 groups based on the degree 
of treatment compliance, either good or poor. The 
group with poor treatment compliance included 
all subjects with a history of drug withdrawal 
for a period at certain point(s) during the MDT 
treatment course but in the end completed it, or 
irregular dapsone and clofazimine consumption 
defined as at least 7 days of not consuming both 
drugs in the same month.

Ethical considerations
 This study passed ethical evaluation 
according to the standards of the Ethics Committee 
of the Faculty of Medicine, Universitas Indonesia and 
Research Division of Cipto Mangunkusumo Hospital 
(603/H2.F1/ETIK/2012). These standards were in 
accordance with those of the Helsinki declaration. 
All patients were agreed and gave informed consent 
for this study.

Data processing and analysis
 All data were recorded and coded to be 
processed statistically using Statistical Product 
and Service Solutions (SPSS) 20.0 for Windows. 
The resistance rate was calculated by Chi-square 
test and presented as an odds ratio (OR) and 95% 
confidence interval (CI).

RESULTS

Subject characteristics
 During a 7-month sampling period from 
October 2012 to April 2013, 57 patients were 
eligible for the study, 41 of which were from PKK-
RSCM and the rest were from Sitanala Center 
for Leprosy Hospital. Based on their compliance 
with treatment, there were 29 subjects with 
good compliance and 28 subjects with poor 
compliance. The baseline characteristics of these 
patients following classification into these groups 
is depicted in Table 1.

 Several treatment history characteristics 
were evaluated. Regarding compliance, 97% 
of subjects with good compliance and 32% of 
those with poor compliance visited a healthcare 
center of at least once monthly. Specifically, 
monthly rifampicin consumption was adhered to 
in 100% and 79% of cases in the good and poor 
compliance groups, respectively. There was no 
history of rifampicin monotherapy in any subject 
from either group.

Table 1. Baseline characteristics of subjects

Characteristics

Compliance

Total
n (%)

Good 
(n=29)
n (%)

Poor 
(n=28)
n (%)

Gender
      Male 21 (72.4) 24 (85.7) 45 (78.9)
      Female 8 (27.6) 4 (14.3) 12 (21.1)
Age group (years)
      15–24 3 (10.3) 9 (32.2) 12 (21.1)
      25–44 15 (51.7) 13 (46.4) 28 (49.1)
      >44 11 (38.0) 6 (21.4) 17 (29.8)

Educational 
background

      Low 12 (41.4) 16 (57.1) 28 (49.1)
      High 17 (58.6) 12 (42.9) 29 (50.9)
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 Clinically, 74% of all subjects were 
categorized as the “Borderline” (BL) type based 
on the Ridley & Jopling classification scheme. 
The distribution of each leprosy type by this 
classification between good and poor treatment 
compliance was almost identical.

PCR result and mutation pattern of the rpoB 
gene
 Electrophoresis of the rpoB gene PCR 
product is shown in Figure 1. Of the 57 subjects, 
48 were positive by PCR (PCR positivity rate 84%). 
All specimens with positive PCR results were 
subjected to the sequencing process to detect point 
mutations related to rifampicin resistance. Point 
mutations were detected in 9 samples (16%). The 
most common mutation found in 8 samples was 
at codon number 410, which encodes aspartic 
acid (GAT) in wild-type M. leprae but encodes 
tyrosine (TAT) in rifampicin-resistant mutant M. 
leprae, followed by mutation at codon number 
425 (TCG encoding serine mutated into TTG 
encoding leucine) found in 1 sample (Figure 2). 
Additionally, there were 3 specimens with silent 
mutations: in 1 case, codon 420 CAC was mutated 
to CAT, both of which encode histidine, while in 2 
other cases, codon 412 AAC was mutated to AAT, 
both of which encode asparagine.

Comparison of rifampicin resistance between 
patients with good and poor treatment 
compliance
 Out of 29 subjects with good treatment 
compliance, there were 25 samples (86%) positive 
by PCR, while positive PCR results were found in 
23 (82%) out of 28 subjects with poor treatment 
compliance. Subjects with negative results were 
still included in the analysis and considered as not 
showing rifampicin resistance. When a sample is 
negative by PCR, it is assumed that there is no 
bacterial DNA detected in the sample, and no 
rifampicin resistance will be found. A statistical 
comparison of rifampicin resistance prevalence 
between the 2 groups is shown in Table 2.

DISCUSSION

Clinical characteristics of subjects
 The ratio of male-to-female subjects was 
3.75:1. These data were in agreement with a 
global epidemiology study which found a male 
bias in leprosy patients with the ratio of males to 

Figure 1. Electrophoresis result of M. leprae rpoB gene PCR 
from a slit skin smear (SSS) specimen. Wells number 1, 3, 4, 
5, and 6, samples positive by PCR. Well number 7 was a 100-
bp DNA ladder. Well number 8 was a positive control, and 
number 9 was a negative control

Figure 2. Nucleotide arrangement as a result of rpoB gene 
sequencing in: (a) codon number 410 showed a wild-type 
(GAT, left) and mutation (TAT, right); (b) codon number 425 
showed a wild-type (TCG, left) and mutation (TTG, right)

 a

b   

females ranging from 1.5 to 2:1.18,19 In addition, 
according to leprosy morbidity data at PKK-
RSCM in 2012, there were 152 (70.4%) and 64 
(29.6%) new male and female leprosy patients, 
respectively. The male-to-female ratio reached 
2.4:1.20 The majority (49.1%) of subjects were 
in the 25- to 44-year age group, the distribution 
of which was bimodal, one mode is the 35- to 
44-year-old group.21 The previous PKK-RSCM 
leprosy data registry in 2012 showed an almost 
identical result: 49.2% of MB leprosy cases were 
in the 24- to 44 year-old age group.20 Lastly, in 
this study, nearly half of the subjects (49.1%) 
had a low educational level. After classification 
based on the degree of compliance, the difference 
in 1) male-to-female ratio, 2) age distribution, 
and 3) educational level between poor and 

 

1 2 3 4 5 6 7 8 9
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Table 2. Comparison of rifampicin resistance based on treatment compliance in MB leprosy patients

MB=multibacillary; OR=odds ratio; CI=confidence interval

Treatment compliance Mutation for resistant n (%) Non-resistant n (%) p OR (95% CI)

Poor 8 (89) 20 (42)
0.012 11.2 (1.296–96.787)Good 1 (11) 28 (58)

Total 9 (100) 48 (100)

good treatment compliance were not sufficient 
in magnitude to cause any significant bias in 
interpreting the analytical part of the study.

 The MDT regimen for MB leprosy 
consisted of monthly (every 28 days) rifampicin 
and clofazimine (300 mg) that should be 
administered daily and under the supervision 
of a physician, self-administered dapsone and 
clofazimine (50 mg). Accordingly, the lower 
frequency of monthly visits to a healthcare 
center in those with poor compliance predicted 
lower monthly rifampicin consumption, one of 
the significant differences found in this study 
regarding treatment history characteristics. 
These data showed that the pre-determined 
criteria for the poor compliance group 
are aligned with rifampicin consumption 
regularity, which is presumably related to 
its resistance. Another major risk factor for 
rifampicin resistance is a history of rifampicin 
monotherapy, which was not found in any of 
the subjects included in this study. Therefore, 
history of rifampicin monotherapy could be 
excluded as the cause of resistance if any 
resistant isolate were to be found.

 The dominance of the BL leprosy type 
in this study was commensurate with the PKK-
RSCM leprosy data registry in 2012, which 
found the BL type to be the most common 
(50.9%) among all new leprosy cases.20 Other 
than clinical manifestations, the leprosy 
classification by Ridley & Jopling also reflects 
the bacterial index.1 Supposedly, the almost 
identical distribution of leprosy types between 
good and poor treatment compliance would 
be followed by similar bacterial indices. 
Nevertheless, this study found a significant 
difference in bacterial index distribution 
between the 2 groups. The reason behind this 
finding was beyond the scope of this study and 

warrants further research. Fortunately, it did 
not appear to affect the PCR positivity rate, as 
this rate was similar in both groups.

Mutation pattern of rpoB gene
 Not all specimens were positive by PCR. 
This finding could have resulted from fragmented 
M. leprae DNA that rendered it impossible to be 
detected through PCR, in which the primer used 
for rpoB gene consisting of 337–358 bp. Other 
possibilities were error in specimen handling 
during transportation from Jakarta to Surabaya 
and differences among laboratory workers’ 
experience and expertise.

 The prevalence of significant mutations 
related to rifampicin resistance in this study 
was quite high, reaching 16%. Wahyuni et al22 
reported only 1 case of rifampicin resistance 
among 270 isolates which were collected from 
2003 to 2011. This prominent difference possibly 
occurred because of the difference in inclusion 
criteria; in this study, all subjects had completed 
the MDT course and had positive bacterial index 
results.

 There were only 2 types of point 
mutation in this study: the most common being 
mutation of codon 410 GAT (aspartic acid) to 
TAT (tyrosine), followed by mutation of codon 
425 TCG (serine) to TTG (leucine). A previous 
study by Matsuoka et al15 found that the most 
common mutation was codon 425 TCG (serine) 
to TTG (leucine), with a total number of 6 
cases, followed by mutation in codon 410 GAT 
(aspartic acid) to TAT (tyrosine), codon 420 CAC 
(histidine) to GAC (aspartic acid), and codon 425 
TCG (serine) to ATG (methionine), with 1 case 
each. Meanwhile, the only rifampicin-resistant 
case found in the study conducted by Wahyuni 
et al22 resulted from mutation of codon 410 GAT 
(aspartic acid) to TAT (tyrosine).
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 To date, there has not been a single report 
about the causal association between the point 
mutation found in this study and rifampicin 
resistance. To prove definitively whether the M. 
leprae isolates in the specimens were resistant to 
rifampicin, the gold standard diagnostic procedure 
was the inoculation of M. leprae on the foot of a 
guinea pig and observe its response to rifampicin 
treatment. Clinically, these leprosy patients whose 
isolates showed a point mutation need re-evaluation 
to detect a possible concurrent rifampicin-
resistance-related mutation. This suggestion was 
based on other studies in which the samples showed 
a point mutation in codon unrelated to rifampicin 
resistance. After re-evaluation, it was found that 
there was actually concomitant mutation of a codon 
related to rifampicin resistance.23,24

Association between treatment compliance 
and rifampicin resistance
 There was a statistically significant 
relationship between treatment compliance 
and the occurrence of rifampicin resistance 
(p=0.012). MB leprosy patients whose treatment 
compliance was poor had a significantly higher 
risk of developing resistance to rifampicin than 
those whose compliance was good. A previous 
study by Matsuoka et al15 in 2007 reported that 
rifampicin resistance prevalence was as high 
as 20% in relapsing patients. One of the risk 
factors of leprosy relapse was poor compliance 
in previous treatment, and this study shows 
that high rifampicin resistance was related to 
treatment compliance. The rifampicin resistance 
rate in patients with poor compliance reached 
89%, while it was only 11% in those with good 
treatment compliance.

 In conclusion, poor treatment compliance 
was associated with a higher risk of rifampicin 
resistance in MB leprosy patients.
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ABSTRACT

Background: Mannitol 20% is used to treat patients with decreased consciousness and as the first line of treatment to reduce 
intracranial pressure (ICP). However, its application in pediatric patients is still based on minimal evidence. This study was 
performed to determine the predictive factors of clinical outcomes in pediatric patients with brain edema in the pediatric 
intensive care unit (PICU).

Methods: This prospective cohort study was conducted in the PICU, Sanglah Hospital Denpasar, Bali, Indonesia. The subjects were 
chosen by consecutive sampling from July 2016 to July 2017. The primary outcome variable was the patient’s clinical outcome. 
A chi-square test was used to evaluate the association between the timing of mannitol administration and the patient’s clinical 
outcome. Multivariate analysis was performed on all variables with p≤0.25.

Results: Forty-one patients were included in the study, 65% of them were male, 65% had good nutritional status, 90% had non-
traumatic brain injury, and 73% had confirmed intracranial infection. The risk of sequelae or death for patients in a coma was 1.8 
times greater than that of non-comatose patients (p=0.018; CI 95% 1.119–3.047). Based on the timing of mannitol administration 
from the onset of decreased consciousness, the risk of sequelae or death in patients who received mannitol after 24 hours was 2.1 
times higher than that in patients who received mannitol within 24 hours (p=0.006; CI 95% 1.167–3.779). Based on multivariate 
analysis, only two variables were associated with the patient’s clinical outcome: pediatric Glasgow coma scale (PGCS) ≤3 (p=0.03) 
and timing of mannitol administration >24 hours (p=0.01).

Conclusion: Early administration (<24 hours) of mannitol and high PGCS are related to favorable outcomes in patients with brain 
edema in the PICU.
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 In cases of both traumatic and non-
traumatic brain injury, increased intracranial 
pressure is a recognizable feature and a major 
determinant of better outcomes. The treatment 
aim is to reduce intracranial pressure (ICP), 
therefore optimizing cerebral perfusion and thus 
the oxygen supply to the brain.1 The methods 
employed to reduce ICP include postural changes, 
drainage of cerebrospinal fluid, operative 
decompression, and osmotherapy.1,2

 Mannitol, urea, sorbitol, glycerol, and 
hypertonic saline are several osmotic agents 
that act to reduce ICP by creating an osmotic 
gradient, and they have additional beneficial 
effects. Mannitol is the most frequently used.3,4 

Mannitol can decrease brain volume by reducing 
the overall water content and vasoconstriction 
of the vascular bed in the brain. It also functions 
to improve cerebral perfusion by decreasing 
cerebral viscosity and to suppress the effects of 
free radicals and nitric oxide.5,6

 Mannitol is used as the first line of 
treatment in patients with poor cerebral blood 
flow because it can increase the cerebral 
perfusion pressure and cerebral blood flow 
velocities, whereas hypertonic saline is 
considered in patients with hypovolemia or 
hyponatremia.1,3,4 Elevated intracranial pressure 
is multifactorial in cause and has an incidence 
of 63%. Inadequate treatment will result in 
sequelae, ending with death.7 There are several 
methods of reducing intracranial pressure; the 
most widely used is administration of mannitol 
20%. However, application of such procedures 
to pediatric patients is still based on minimal 
research evidence from children with increased 
intracranial pressure. Guidelines for the 
treatment of children with non-traumatic brain 
injury are virtually non-existent. This study was 
performed to determine the predictive factors 
of clinical outcome in pediatric patients with 
brain edema in the pediatric intensive care unit 
(PICU).

METHODS

 This prospective cohort study was con-
ducted in the PICU, Sanglah Hospital, Denpasar. 
The subjects were chosen by consecutive sampling 
from July 2016 to July 2017. The sample size was 

calculated using an analytical unpaired categorical 
formula. The mortality rate in patients with brain 
edema was 24%, with a significance level of 0.05, 
a power of 80%, and an assumed relative risk of 
3.7 This is the first study on the outcome of manni-
tol administration in children; therefore, we used 
the mortality rate reported by Mohanty et al,7 but 
the determination of relative risk was based on re-
searcher assumptions, and the general rule for cal-
culating sample size with four variables was used. 
Therefore, the sample size required for each group 
was 17.

 The inclusion criteria were age <18 years, 
decreased consciousness, increased intracranial 
pressure, treatment with mannitol 20% in the 
PICU at Sanglah Hospital, and informed consent 
given by parents or guardians. The exclusion 
criterion was refusal of participation by parents 
or guardians. The study was approved by the 
ethical committee of Sanglah Hospital, with the 
protocol number 909.02.1.2016. The primary 
outcome was the patient’s clinical outcome. 
Clinical characteristics such as age, sex, primary 
diagnosis, etiology, level of consciousness, 
nutritional status, outcome, and length of stay 
were also recorded.

 Patients with brain edema received 
mannitol 20%. The confirmed diagnosis of brain 
edema is based on one of the following criteria: 
(1) clinical brain edema including the classical 
syndrome of increased intracranial pressure 
(decreased consciousness, severe headache, 
projectile vomiting, blurred vision, papilledema, 
bradycardia, and hypertension), various and 
inconstant focal cerebral sign and lesions, 
and secondary complications such as cerebral 
herniation and (2) brain edema visible on a CT 
scan of the head.8

 The timing of mannitol 20% administration 
was calculated in hours from the time of 
admission to the hospital. The timing of mannitol 
administration since the onset of decreased 
consciousness was determined by asking the 
parent or guardian when the patient had lost 
consciousness. This variable of mannitol 20% 
administration was dichotomized into more or 
less than 24 hours. Mohanty et al7 found that coma 
recovery time in surviving patients was shortened 
in those treated with mannitol, with a median 
coma recovery time of 24 hours with mannitol.
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 The duration of decreased consciousness 
before hospitalization was defined as the 
period during which patients had been losing 
consciousness before their admission to the 
hospital. The level of consciousness was evaluated 
by the pediatric Glasgow coma scale (PGCS). 
The primary diagnosis is based on clinical and 
laboratory examination and decided by the 
consulting pediatrician in charge. The disease 
etiology can be divided into (1) traumatic brain 
injury such as intracerebral bleeding, subdural 
hemorrhage, epidural hemorrhage, and others and 
(2) non-traumatic brain injury such as encephalitis, 
meningitis, status epileptics, and others.1,8

 Nutritional status was measured using 
the World Health Organization (WHO) chart and 
categorized on the basis of the Waterlow criteria. 
The clinical outcome was the patient’s condition 
at discharge from the hospital, defined as normal 
(no sequelae), with sequelae, or death. The 
outcome of this study was sequelae, death, and 
normal based on the calculated sample size that 
is used for the mortality rate from Mohanty et al.7

 Data were analyzed using Statistical 
Product and Service Solutions version 17. The 
chi-square test was used to test for an association 
between the timing of mannitol administration 
and the patient’s clinical outcome. Results were 
considered significant at p<0.05.

RESULTS

 Between July 2016 and July 2017, 41 
patients were included in the study (Figure 
1). Among the 41 subjects who qualified for 
inclusion, the median age was 29 months 
(range: 1–127 months). In this study, the sample 
population was dominated by males with good 
nutritional status and non-traumatic cases with 
intracranial infection (Table 1). In this study, 
the dominant cause of intracranial infection was 
encephalitis, occurring in 27 cases (65%). This 
study found that the risk of sequelae or death was 
1.8 times higher in comatose vs non-comatose 
patients (p=0.018 CI 95% 1.119–3.047). Based 
on the timing of mannitol administration from 
the onset of decreased consciousness, the risk 
of sequelae or death for a patient who received 
mannitol after 24 hours was 2.1 times higher 
than that in a patient who received mannitol 

41 patients enrolled 

Mannitol ≤24 hours: 21 Mannitol >24 hours: 20 

Normal: 13 Sequelae-death: 8 Normal: 4 Sequelae-death: 16 

 

Figure 1. Enrollment and the outcome of the subjects in each 
group

Table 1. Subject characteristics

PGCS=pediatric Glasgow coma scale

Parameter
Mannitol 

administration
≤24 hours

Mannitol 
administration 

>24 hours

Age, months, median 
(range) 50 (3–127) 30 (1–79)

Sex, male, n (%) 15 (36) 12 (29)

Duration of altered 
consciousness before 
hospitalization, 
hours, median 
(range) 

15 (1–48) 12 (1–24)

PGCS on admission,
≤3, n (%) 7 (17) 7 (17)

Etiology, non-
traumatic, n (%) 19 (46) 18 (43)

Primary diagnosis, 
intracranial infection, 
n (%)

14 (47) 16 (53)

Nutritional status

      Underweight,
      n (%) 4 (9) 5 (12)

      Good, n (%) 14 (34) 13 (31)
      Overweight, n (%) 2 (6) 2 (6)
      Obesity, n (%) 1(2) 0

CT scan, brain 
edema, n (%) 14 (34) 12 (29)

Outcome
      Normal, n (%) 13 (31) 4 (9)
      Sequelae, n (%) 5 (12) 10 (24)
      Death, n (%) 3 (7) 6 (17)

Length of stay, days, 
median (range) 9 (3–21) 15 (2–30)
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before 24 hours (p=0.006 CI 95% 1.167–3.779). 
Table 2 shows that two variables were associated 
with the patient’s clinical outcome in multivariate 
analysis: PGCS score ≤3 (p=0.03) and the timing 
of mannitol administration >24 hours (p=0.01).

DISCUSSION

 Brain edema and elevated ICP are 
common causes of morbidity and mortality. 
Brain edema is defined as an accumulation 
of fluid within the brain parenchyma, which 
increases brain volume. Brain edema is classified 
into three major categories: (1) cytotoxic; (2) 
interstitial; and (3) vasogenic. Cytotoxic edema 
results from a defect of cell membrane ATP-
dependent transport of sodium and calcium 
ions, leading to swelling of brain cells (neurons, 
glia, and endothelial cells). Cytotoxic edema 
affects predominantly the gray matter. Cytotoxic 
edema is most often seen in ischemic stroke and 
severe traumatic brain injury. Interstitial edema 
is commonly seen in hydrocephalus, when the 
outflow of cerebrospinal fluid is obstructed, and 
intraventricular pressure increases. Interstitial 
brain edema is also caused by meningitis due 
to obstruction of normal cerebrospinal fluid 
pathways, with a resulting increase in resistance 
to cerebrospinal fluid outflow. Vasogenic brain 

Variable Sequelae/death 
n (%)

Normal 
n (%) p RR Adjusted RR p

Age (years)
      <5 18 (67) 9 (33)

0.142 1.556 (0.803–3.013)
      ≥5 6 (43) 8 (57)

Duration of altered 
consciousness before 
hospitalization (hours)

      >12 7 (53.8) 6 (46.2)
0.678 0.887 (0.494–1.592)

      ≤12 17 (60.7) 11 (39.3)
PGCS on admission
      ≤3 13 (81.3) 3 (18.7)

0.018 1.8 (1.119–3.047) 6.06 (1.1–31.1) 0.031
      >3 11 (44) 14 (56)
Timing of mannitol (hours)
      ≤24 8 (38.1) 13 (61.9)

0.006 2.1 (1.167–3.779) 7.05 (1.5–32.5) 0.012
      >24 16 (80) 4 (20)

Table 2. Analysis of risk factors and clinical outcome

RR=relative risk; PGCS=pediatric Glasgow coma scale

edema refers to the influx of fluid and solutes 
into the brain because of increased permeability 
of the capillary endothelial cells and is commonly 
seen in intracerebral hemorrhages, intoxication, 
tumors, and cerebral abscesses. Vasogenic brain 
edema primarily affects the white matter.2,3,6,8

 Data suggest that mannitol reduces 
ICP by several mechanisms. Mannitol can (1) 
decrease the reabsorption of water and sodium 
across renal tubules, creating a diuretic effect; 
(2) reduce blood viscosity by reducing red cell 
rigidity; and (3) increase intravascular volume 
due to increased plasma osmolality, hence 
increasing cardiac output. When autoregulatory 
pathways remain intact, there is compensatory 
cerebral vasoconstriction.1–4,9,10

 Based on the timing of mannitol 
administration from the onset of decreased 
consciousness, the risk of sequelae or death 
for a patient who received mannitol after 24 
hours was 2.1 times higher vs a patient who 
received mannitol before 24 hours (p=0.006 
CI 95% 1.167–3.779). A study conducted in 
India determined that the effect of mannitol 
begins within 15 minutes of administration and 
continues for an additional 15 minutes, during 
which time it forms a gradient between the 
plasma and the cell. This effect will be stable for 
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90 minutes to 6 hours or more, to a maximum 
of 1 day, depending on the clinical condition 
of the patient.9 A study in China by Mohanty et 
al7 found that coma recovery time in surviving 
patients was shortened to a median of 24 hours 
in those treated with mannitol. A prospective 
study in Brazil that included 44 patients with 
traumatic, acute, and severe diffuse brain 
swelling found that patients who received a high 
dose of mannitol (~1.4 g/kg) had significantly 
better outcomes than those who received the 
traditional dose (~0.7 g/kg). The best rate of 
favorable outcomes (good recovery or moderate 
disability) was 43.5%, more than 4 times higher 
than that in patients who received conventional-
dose mannitol (p<0.02).10

 This study found that the risk of sequelae 
or death for patients in a coma was 1.8 times 
higher vs patients who were not in a coma 
(p=0.018 CI 95% 1.119–3.047). These results are 
concordant with a study from China conducted in 
2013, which showed an increased risk of death 
for a head trauma patient with a Glasgow Coma 
Scale (GCS) ≤11 with a relative risk (RR) value of 
1.75 (CI 95% 0.48–6.38).11 The duration of altered 
consciousness was not significantly associated 
with mortality, probably because these data were 
based on the recollections of the subjects’ parents. 
Based on multivariate analysis, only 2 variables 
were associated with the clinical outcome. Subject 
age and duration of altered consciousness before 
hospitalization were not associated with the 
clinical outcome.

 Mannitol can decrease brain volume by 
decreasing brain water content, reduce blood 
volume by vasoconstriction, reduce cerebral 
spinal fluid volume by decreasing water content, 
improve cerebral perfusion by decreasing 
viscosity or altering blood cell rheology, and have 
a protective effect against biochemical injury.10 
Therefore, patients administered mannitol early 
had better outcomes in this study. Not all patients 
receive mannitol therapy; this therapy is only 
given in cases of intracranial infections and brain 
edema. Mannitol is administered within 24 hours 
if no contraindication is found.

 Another study by Marcin et al,12 who 
studied patient outcomes of brain edema due to 
diabetic ketoacidosis, found that mannitol was 
administered to 67% patients. Of the 67% of 

patients who received mannitol, 54% had normal 
outcomes without sequelae, 32% died, and the 
rest survived with sequelae. A study by Marcin 
et al showed similarities with this study, but all 
therapies, including mannitol administration, 
were administered within 24 hours. Marcin et 
al found that patient outcomes depended on 
hydration status upon admission to hospital and 
the value of blood urea nitrogen.12

 The limitations of this study are its 
prospective cohort study design and small 
sample size; therefore, a larger study is needed 
to evaluate other contributing factors. The onset 
of a decreased level of consciousness was based 
on the parents’ recollections, which depended on 
the ability of parents to recall the event, leading 
to a possible source of bias. Therefore, further 
research is needed to evaluate this variable.

 In conclusion, early treatment (<24 hours) 
and high PGCS are related to favorable outcomes 
in patients with brain edema in the PICU.
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ABSTRACT

Background: The fast and outpatient setting for a determination of the hemoglobin (Hb) level is a well-recognized prerequisite 
to detect anemia in blood donors. This study aimed to evaluate the performance of the HemoCue methods (HemoCue B-Hb and 
HemoCue-301) against Coulter LH-750 as a reference method for Hb determination.

Methods: This study was an experimental cross-sectional study. It includes 455 blood samples that were collected from volunteer 
blood donors between January 15, 2010 and February 15, 2011. The performance of the three methods and their comparisons 
were assessed using the analysis of coefficients of variation (CV), linear regression, and mean difference. Correlation coefficient 
and Bland–Altman plots were drawn to compare the two HemoCue measurements and the automated cell analyzer against each 
other and to evaluate their results. The Hb concentrations were compared using the concordance correlation coefficient.

Results: The findings exhibited that the CV for the three methods Coulter LH-750, HemoCue B-Hb, and HemoCue-301 were 0.60%, 
0.72%, and 0.92%, respectively. A statistically significant difference was observed between the means of the Hb measurements 
for the three methods (p<0.001). The HemoCue B-Hb and HemoCue-301 methods showed the best agreement, and the Coulter 
LH-750 method gave a lower Hb value compared with the two HemoCue methods. The results showed a positive correlation of 
HemoCue Hb results compared with the reference method.

Conclusion: All three methods provide a good agreement for Hb determination. The new device HemoCue-301 was found to be 
more accurate compared with HemoCue B-Hb and Coulter LH-750.
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 The determination of the hemoglobin 
(Hb) level of prospective blood donors is a well-
recognized prerequisite in most countries, and in 
fact, it is the only laboratory screening test routinely 
performed before blood donation. The reasons for 
performing such a test are to protect donors with 
low Hb levels from being critically anemized and to 
make sure that the collected blood units meet the 
essential standards for Hb content.1 It is, therefore, 
very important to have a reliable method for Hb 
determination to ensure that only non-anemic 
individuals are accepted as donors.2 The Hb cut-off 
value for blood donation is 12.5 g/dl.3

 The World Health Organization and the 
International Nutritional Anemia Consultative 
Group have established the reference values 
of Hb concentration to define anemia with 
considerations to age, sex, and certain physiologic 
circumstances such as pregnancy.4 Donor 
eligibility criteria are designed to protect both the 
donor and the recipient.5 Anemia can be diagnosed 
by measuring the Hb concentration in venous or 
capillary blood, and such measurement is used at 
the population level to estimate the prevalence 
of anemia, allocate resources, and target 
intervention programs to vulnerable groups. 
At the individual level, it is used to screen for 
participation in programs and evaluate response 
to interventions.6,7 There are various methods for 
Hb estimation, and they vary from a simple paper 
scale to measurements by a spectrophotometer; 
each one has its own advantages and limitations.2

 At the mobile collection centers, where 
a large number of people need to be screened 
in a short time, a quick, inexpensive, and easy 
method is needed. One of such methods is the 
copper sulfate method, which is based upon the 
observation that the specific gravity of blood is 
greatly influenced by its erythrocytes volume. 
The specific gravity dependent-method is the 
traditional method used for donor screening at 
most of blood collection centers.8 The HemoCue 
system employs the principle of converting Hb to 
azide methemoglobin, which is measured at 565 
and 880 nm to ensure automatic compensation 
for turbidity (due to lipemia or leukocytosis).9,10 
The new HemoCue equipment (HemoCue-301) is 
now available at Pusat Darah Negara (PDN). The 
manufacturer claims that it is more accurate than 
the older HemoCue equipment (HemoCue B-Hb), 
which is currently being used at mobile collection 

centers (informal communication from PDN in 
Kuala Lumpur).

 The new HemoCue equipment 
(HemoCue-301) has also been offered to the PDN. 
However, an assessment of its accuracy is needed 
before a decision on any purchasing can be made. 
Thus, this study was designed to compare the 
two HemoCue methods and to evaluate their 
efficacy in Hb determination compared with the 
automatic blood analyzer (Coulter LH-750) as the 
reference method.

METHODS

 An experimental cross-sectional study 
utilizing 455 blood samples was carried out in a 
blood donation setting during mobile collection 
in PDN, Kuala Lumpur, to evaluate the quality 
of the two methods of Hb estimation (HemoCue 
B-Hb and HemoCue-301) and to compare with 
Coulter LH-750 as a reference method.

 All blood samples were collected between 
January 2011 and February 2011 from volunteer 
blood donors. Consent forms were obtained from 
the participants. Ethical approval for the study 
was obtained from the research ethics committee 
at the Advanced Medical and Dental Institute, 
Universiti Sains Malaysia.

 Hb concentration was measured within 24 
h after sample collection to avoid any discrepancies 
in the results due to prolonged storage. 
Ethylenediaminetetraacetic acid vacutainer tubes 
were used to collect 2 ml of venous blood samples 
to be used for the Hb determination by different 
methods. Blood samples were collected under 
identical conditions from donors for Hb assessment: 
first by HemoCue B-Hb, then by HemoCue-301, and 
lastly by the automated analyzer (Coulter LH-750) 
after 8 h. All instruments were run, calibrated, and 
controlled according to recommendations from 
the manufacturers.

 The chosen donors successfully passed the 
donor selection guidelines of PDN (2008), Kuala 
Lumpur, Malaysia. All participants were between 18 
and 65 years old for both men and women and have 
a minimum weight of 45 kg. They appear in good 
health with no bleeding disorders, recent illness or 
medication taken, and have slept a minimum of five 
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hours. The interval between their last donations 
should not be less than 8 weeks for whole blood 
and not less than 2 weeks for plasma or platelet. All 
donors who have no consent form or are not fit to 
the donor criteria of PDN were excluded.

Statistical analysis
 Statistical analysis was performed using 
Statistical Product and Service Solutions (SPSS) 
version 16. Correlation coefficient and Bland–
Altman plots were drawn to compare the two 
HemoCue measurements and the automated cell 
analyzer against each other and to evaluate their 
results. The Hb concentrations were compared 
using the concordance correlation coefficient.11,12 
This coefficient measures the strength of the 
relation between the two estimates, as well as 
the deviation from the 45° line through the origin 
(line of equity).13 The coefficient is considered 
a good method for comparing the precision, 
reliability, and accuracy of test results.14

RESULTS

 There were 455 total subjects in this 
study: 275 (60.4%) are men and 180 (39.6 %) 
are women. Of the participants, 120 (26.3%) 
are Malay, 278 (63%) are Chinese, 22 (4.8%) 
are Indian, and 35 (7.6%) are others. The age of 
the subjects ranges from 18 to 59 years. The age 
variables were divided into four groups: group 
1 (18–29 years old), group 2 (30–39 years old), 
group 3 (40–49 years old), and group 4 (50–59 
years old). The subjects’ distribution within each 
age group is 420, 17, 12, and 6, respectively. 
The distribution of the ABO blood group of the 
subjects was 170 (37.4%) O+ve blood groups, 15 
(3.3%) O−ve blood groups, 109 (24%) A+ve blood 
groups, 7 (1.5%) A−ve blood groups, 113 (24.8%) 
B+ve blood groups, 9 (2%) B−ve blood groups, 
30 (6.6%) AB+ve blood groups, and 2 (0.4%) 

AB−ve blood groups. The three methods used for 
measuring Hb were checked for normality using 
the Kolmogorov–Smirnov formula. All the statistic 
values obtained for the Coulter LH-750, HemoCue 
B-Hb, and HemoCue-301 were significantly less 
than 0.05 (0.001, 0.002, and <0.001, respectively); 
thus, it was concluded that all the Hb results 
were normally distributed. During Hb screening 
using the Coulter LH-750 and the two HemoCue 
methods, quite a few were rejected because of the 
decrease of Hb readings (less than 12.5 g/dl).

 In this study, the Hb level was measured 
10 times using the three methods from a single 
blood sample in order to evaluate and determine 
the coefficient of variation (CV) for each method. 
The CV for the Coulter LH-750, HemoCue-301, 
and HemoCue B-Hb methods were 60%, 72%, and 
92%, respectively (Table 1). Statistical differences 
were detected for all these parameters. However, 
we observed that the Coulter method showed the 
lowest mean (13.9 g/dl) and the lowest range 
(9.2–17.3 g/dl) compared with both the HemoCue 
B-Hb (mean=14.9 and range=12.7–17.9 g/dl) 
and HemoCue-301 methods (mean=14.6 and 
range=10.7–17.8 g/dl; Table 2).

 The correlation coefficient for pairs of 
methods from the linear regression analysis of 
the Hb determination for the three methods was 
evaluated. Table 3 shows the parameters for this 
analysis and indicates that every pair had a good 
correlation coefficient (range from 0.76 to 0.85). 
This result was expected since all three methods 
were designed to measure the same parameter 
(Hb level in g/dl).

 For instance, this could indicate whether 
or not greater variability could be associated 
with a particular range of Hb determination 
and thus suggest a lack of precision associated 
with that Hb range. Therefore, we decided to 

Table 1. Coefficient variation for using HemoCue B-Hb, 
HemoCue-301, and Coulter LH-750 after ten times Hb 
measurement for one sample

Table 2. Hemoglobin level as determined using three 
methods (n=455)

SD=standard deviation and CV=coefficient of variation SD=standard deviation

Method Hb g/dl (Mean±SD) CV
Coulter LH 750 13.2±0.08 0.60
HemoCue B-Hb 13.9±0.10 0.72
HemoCue-301 14.1±0.13 0.92

Method Mean±SD Range
Coulter LH-750 13.9±1.6 9.2–17.3
HemoCue B-Hb 14.9±1.4 12.7–17.9
HemoCue-301 14.6±1.3 10.7–17.8

http://mji.ui.ac.id
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evaluate the agreement of the three methods of 
Hb determination using the approach proposed 
by Bland and Altman. This approach assumes that 
if two methods are to agree, then the mean of the 
difference between every paired determination will 
not be statistically different from zero. The Bland 
and Altman approach permitted us to estimate 
the limit of agreement between any two methods. 
These limits are shown in Table 4. The pair 
Coulter/HemoCue B-Hb, Coulter/HemoCue-301, 
and HemoCue B-Hb/HemoCue-301 gave a limit of 
agreement of 1.72, 2.1, and 1.5 g/dl, respectively. 
Therefore, these are the methods that agree on Hb 
measurements. Pairs of methods that involved the 
HemoCue methods gave a mean of the difference 
statistically different from zero (p<0.001).

 The pair Coulter/HemoCue B-Hb has a 
mean of the difference of 1.0, while pairs involving 
Coulter/HemoCue-301 and HemoCue B-Hb/
HemoCue-301 have 0.7 and 0.3, respectively (Table 
4). The limit of agreement reflects the dispersion 
of the data around the means of the differences 
(Figures 1–3). Individual comparisons were made 
between every two methods using paired t-test 
from the three methods used for measuring Hb. 
Statistically significant differences were detected 
when we compared Coulter LH-750 with either 
HemoCue methods or when we compared both 
HemoCue methods against each other (p<0.001). 
Figure 1 shows that the Hb values are closed to the 
mean and displays that there is a strong correlation 
between the Hb results for both methods. In 
addition, most of the Hb values are found between 
12.0 and 17.8 g/dl. A few results are scattered away 

Table 3. Linear regression analysis between every pair of 
the three methods used for Hb determination (n=455)

Table 4. Bland and Altman approach for determining the agreement between pairs of the three methods used for Hb measurement

from these two values, and there are no values 
below 12.0 g/dl except for two values only. The 
dispersion of data in Figure 2 demonstrates that 
the Hb values are restricted between 11.5 and 16.3 
g/dl and few results are exceeding this range. But 
most of the results are between 14.0 and 16.0 g/dl 
(Figure 2). Also, this figure exhibits that there is a 
strong positive correlation between the Hb values 
of the two methods. Figure 3 illustrates that there 
is a strong and highly positive correlation between 
the Hb results compared with the previous figures, 
and most of the Hb values are restricted between 
12.0 and 16.0 g/dl.

DISCUSSION

 An accurate measurement of Hb in the 
population is crucial to help evaluate the extent 
of anemia and to avoid wrongly rejecting or 
accepting blood donors in hospitals or blood 
bank centers. The main goal of assessing Hb is to 
ensure the prevention and supervision of anemia 
in any location. Several efforts have been done to 
guarantee that an appropriate technique comes out 
over the years that will contribute to the accuracy 
and quality of the standard laboratory methods 
and simultaneously provide a simple and fast 
result without any challenges.15,16 As a general rule, 
any volunteer individual who has a good health, a 
normal Hb level, and had no recent severe infection 
is suitable and could be accepted as a donor. Every 
transfusion service, however, follows a detailed 
policy that may be different slightly from place to 
place, but a few considerations such as an accurate 
machine for measuring Hb and well-trained staff 
should come first.

 The HemoCue method is a widely used 
method for measuring Hb. The HemoCue is a 
portable machine that directly measures the Hb 
from undiluted blood samples. In addition, the 
measurement of two-wavelengths by HemoCue 
has been found to be a new approach to correct the 
background turbidity of the samples and to give 

Reference method Testing method Pearson 
correlation

Coulter LH-750 HemoCue B-Hb 0.84
Coulter LH-750 HemoCue-301 0.76
HemoCue B-Hb HemoCue-301 0.85

Reference method Testing method Mean of the difference Limits of agreement p-value for the difference
Coulter LH-750 HemoCue B-Hb 1.0 ±1.72 <0.001
Coulter LH-750 HemoCue-301 0.7 ±2.1 <0.001
HemoCue B-Hb HemoCue-301 0.3 ±1.5 <0.001
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Figure 1. Scattergram of hemoglobin values (g/dl) in 455 
donors, as determined by HemoCue B-Hb and HemoCue-301

Figure 2. Scattergram of hemoglobin values (g/dl) in 455 
donors, as determined by HemoCue B-Hb and Coulter LH-
750

Figure 3. Scattergram of hemoglobin values (g/dl) in 455 
donors, as determined by HemoCue-301 and Coulter LH-750
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more accurate results. The present study shows 
that the Hb values obtained by the HemoCue 
methods (HemoCue B-Hb and HemoCue-301) 
were higher than the corresponding Coulter LH-
750 values, the differences being statistically 
significant. Our data indicate that both the 
HemoCue B-Hb and the  HemoCue-301 methods 
show the best agreement when compared 
with the Coulter LH-750. However, pairs of 
methods involving the HemoCue B-Hb and 
HemoCue-301 methods seem to have closer 
limits of agreement than the Coulter LH-750 
and HemoCue combination, and statistically 
significant differences were detected between the 
Hb measurements of both methods (p<0.001).

 A previous study in the UK that compared 
the Hb measurements of the HemoCue and Coulter 
STKS concluded that there was no statistically 
significant difference between the means by 
t-test.17 The mean Hb and the reference range of 
the HemoCue and Coulter methods in the present 
study were different from that of reported in the 
previous study by Rechner et al11 (mean=15.3 and 
15.2 g/dl and the range=7.8–21.5 and 7.8–21.7 g/
dl for HemoCue and Coulter STKS, respectively). 
In addition, the means of the differences of the 
HemoCue B-Hb, HemoCue-301, and Coulter LH-750 
in our study were 0.3, 0.7, and 1.0 g/dl, respectively. 
These are lower than the mean of differences 
mentioned in their study, which was 2.5 g/l11, and 
higher than the 0.1 g/dl reported by Rosenblit et 
al.17 An earlier study reported that a Hb difference 
greater than 1 g/dl between the HemoCue and the 
Coulter STKS is considered clinically significant.16 
The 1 g/dl difference between the HemoCue system 
and the Coulter LH-750 can be explained by the fact 
that the HemoCue system compensates for turbidity 
in the blood sample.16 A similar study conducted 
in Brazil17 and another study18 reported that the 
HemoCue method and the Coulter method are 
statistically different, which is similar to our finding.

 The different results found in various 
studies may be due to several factors, which can 
affect the degree of sensitivity and specificity 
and the level of agreement. These factors include 
the type of samples (venous or capillary), type 
of reagents, the concentration of anticoagulant, 
staff training, and weather and transportation 
conditions. In the current study, the same 
blood sample (venous) was used to assess the 
performance of the different Hb estimation 

http://mji.ui.ac.id



Saghir, et al.
HemoCue against Coulter LH-750 255

Medical Journal of Indonesia

methods, such as the HemoCue and Coulter 
LH-750. This helps us to evaluate the statistical 
differences and agreement that could occur 
in measuring the Hb level. Highly positive 
correlations were observed when we compared 
the two HemoCue methods against each other or 
against the Coulter LH-750, but it was stronger 
between the two HemoCue methods. Study 
samples were collected from Chinese high schools 
in the same area, which may be considered as not 
a representative sample because of the absence of 
rejected donors using the copper sulfate method 
or the HemoCue B-Hb method. Finally, the 
technique and the staff may have contributed to 
the differences, which occurred when measuring 
the Hb levels using the three methods. These 
factors may differ in various blood centers and 
may not be generalized to other communities.

 In conclusion, this study shows that 
HemoCue B-Hb and HemoCue-301 analyzers, 
when properly and accurately used, will provide 
comparable accuracy of Hb estimation compared 
with the Coulter LH-750 method. However, the 
three methods reflect a good agreement for Hb 
determination. The differences between the results 
of this study and of the previous studies might be 
attributed to the variations in sample size, races, 
and locations as well as the type of blood sample 
used. Therefore, it is highly recommended to 
enroll a comprehensive population sample (Malay, 
Chinese, Indian, and others), use the same blood 
sample (venous), and include hospitals, medical 
centers, and schools in the representative sample to 
better reflect the accuracy and level of agreements 
between the three methods.
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ABSTRACT

Background: Varicocelectomy is performed on patients with clinical varicocele associated with abnormal sperm parameters. 
The goal of this procedure is to improve men’s sperm parameters and pregnancy rates of their partners. The objective of our 
study was to assess the factors that were associated with spontaneous pregnancy in female partners after varicocelectomy.

Methods: A retrospective case-control study was conducted to review several factors that are associated with spontaneous 
pregnancy after varicocelectomy. The data were taken from medical records at Sanglah General Hospital and three private 
hospitals in Denpasar from January 2015 to June 2016. Case subjects (n=38) include varicocele patients with abnormal sperm 
parameters whose partner had a spontaneous pregnancy following varicocelectomy and a control group (n=38) whose partner 
did not have a spontaneous pregnancy following varicocelectomy.

Results: Progressive sperm motility (≥37.5%) before varicocelectomy was 2.7 times more likely to result in a spontaneous 
pregnancy (odds ratio: 2.7; 95% confidence interval: 1.04–6.96; p=0.04). No statistical significance was found between age at 
varicocelectomy, grade of varicocele, body mass index, infertility duration, smoking habit, sperm concentration, normal sperm 
morphology before varicocelectomy, and spontaneous pregnancy.

Conclusion: Progressive sperm motility before varicocelectomy is a significant factor for the occurrence of spontaneous 
pregnancy after varicocelectomy.
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 Varicocele is an abnormal dilation of the 
pampiniform plexus and a potential cause of 
infertility in men.1 The incidence of varicocele 
is 4.4%–22.6% in the general population, which 
is composed of 15%–20% of men with primary 
infertility and 75%–81% with secondary 
infertility.2 Despite tremendous studies, the 
exact mechanism by which varicocele might 
induce male infertility has not been established, 
although some potential factors have been 
proposed. Moreover, previous studies showed 
that morphological abnormalities of sperm could 
result from blood stasis and accumulation of 
reactive oxygen species (ROS), nitric oxide, and 
other toxins.3

 Varicocelectomy is a surgical approach 
performed on patients with clinical varicocele 
associated with abnormal sperm parameters. The 
main objective of this surgery is to improve sperm 
parameters in men and pregnancy rates of their 
partners.1,4 A meta-analysis study suggested that 
varicocelectomy showed an increase in sperm 
parameters ranging from 60% to 80%1 and in 
spontaneous pregnancy from 11.8% to 60%.5 
Several different surgical techniques have been 
introduced to treat varicocele, and a number of 
studies have attempted to compare the outcomes 
of these techniques. Previous studies showed 
that varicocelectomy has a significant effect on 
improving total and progressive sperm motility as 
well as concentration after treatment regardless 
of techniques used,1,6 although one meta-analysis 
showed the superiority of microsurgical repair 
technique over open technique in terms of 
sperm motility.7 Microsurgical technique has 
been considered as a gold standard therapy for 
varicocele because it has fewer complications 
and lower recurrence rates compared with other 
techniques.1,6 On the other hand, different studies 
have reported controversial results regarding this 
issue. Therefore, various other techniques are 
still considered a reasonable option.1,6,8

 Several studies have been conducted to 
study suspected factors affecting the incidence 
of spontaneous pregnancy after varicocelectomy. 
Those studies considered age at varicocelectomy, 
grade of varicocele, body mass index (BMI), 
duration of infertility, smoking habits, and 
sperm parameters before varicocelectomy as 
related to spontaneous pregnancy following 
varicocelectomy. However, all of them are still 

debatable until now. To date, there is no study 
that can determine a predictor for a successful 
spontaneous pregnancy after varicocelectomy in 
Indonesia. Thus, the aim of this study is to identify 
the predictor for a spontaneous pregnancy 
following varicocelectomy.

METHODS

 A retrospective case-control study was 
conducted to review factors associated with 
spontaneous pregnancy after varicocelectomy. 
The data were taken from medical records at 
Sanglah Hospital and three private hospitals 
in Denpasar from January 2015 to June 2016. 
A simple random sampling method was used, 
and the minimum sample size calculated was 
76. We divided the 76 cases evenly into two 
groups; case and control groups. Case samples 
(n=38) include patients with abnormal sperm 
parameters-associated varicocele whose 
partner had a spontaneous pregnancy after 
varicocelectomy, while the control group (n=38) 
includes patients whose partner did not have a 
spontaneous pregnancy after varicocelectomy. 
The samples of this study were infertile patients 
because of varicocele with abnormal sperm 
parameters, and where the varicocele was seen 
and palpable through clinical examination 
(clinical varicocele). All patients with varicocele 
were treated with bilateral varicocelectomy 
using a retroperitoneal approach or vasoligation 
varicocelectomy (Palomo technique). The study 
excluded infertile female partners examined by 
obstetricians, women using contraceptives before 
and during the study period, male and female 
couples suffering from a chronic systemic disease 
(diabetes mellitus and hypertension), and women 
who had a smoking habit.

 BMI was determined using the World 
Health Organization (WHO) 2010 criteria. 
Meanwhile, the criteria for smoking are people 
who have smoked more than 100 cigarettes at least 
in the last 5 years. The sperm parameters before 
varicocelectomy included sperm concentration, 
progressive sperm motility (A+B), and normal 
sperm morphology based on the WHO 1999 
criteria. The study also considered female factors 
as confounding variables including age, BMI, and 
occupation, which were included in the statistical 
analysis. Some of the variables were categorical, 
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while some were numerical. However, all of the 
variables were categorized and divided into two 
groups based on previous studies.9–11 The cut-
off point for sperm parameters (concentration, 
motility, and morphology) was the median of all 
samples to obtain a similar number between the 
two groups. Statistical analysis used bivariate 
and multivariate tests of logistic regression to 
determine the factors that significantly affect 
the occurrence of spontaneous pregnancy after 
varicocelectomy, using p-value <0.05 with 95% 
confidence interval (CI). All the analyses in 
this study used Statistical Product and Service 
Solutions (SPSS) version 19. This study has been 
approved by the Ethical Committee of Faculty of 
Medicine, Universitas Udayana/Sanglah General 
Hospital No: 1401/UN.14.2/KEP/2017.

RESULTS

 The characteristics of the sample based 
on the case and control groups are shown 
in Table 1. Bivariate analysis identified four 
variables with a p-value <0.25, that is, infertile 
duration, progressive sperm motility before 
varicocelectomy, female age, and female in 
employment. These variables were assessed 
further using multivariate analysis (Table 1).

 Multivariate analysis showed that only 
progressive sperm motility before varicocelectomy 
had a significant association with spontaneous 
pregnancy after varicocelectomy. Progressive 
sperm motility before varicocelectomy (≥37.5 
%) was 2.7 times more likely to result in a 
spontaneous pregnancy after varicocelectomy.

DISCUSSION

 Several factors can affect the occurrence 
of spontaneous pregnancy after varicocelectomy, 
such as the age at varicocelectomy, grade of 
varicocele, BMI, the duration of infertility, 
smoking habits, and sperm parameters before 
varicocelectomy. Nevertheless, previous studies 
showed different results, and none of those 
factors were proven to have a significant effect 
on spontaneous pregnancy.9–13 This study 
was conducted to determine the predictor 
for a successful spontaneous pregnancy after 
varicocelectomy.

 The association of age at varicocelectomy 
with spontaneous pregnancy resulted in OR: 1.11; 
95% CI 0.44–2.78; p=0.815. This suggested that 
the age at varicocelectomy was not associated 
with spontaneous pregnancy. Similar results were 
obtained in previous studies suggesting that there 
was no significant difference in the occurrence of 
spontaneous pregnancy after varicocelectomy 
between age groups.14,15 However, the elimination 
of age as a confounder was found in this study since 
all men were between 23 and 39 years old and 
women younger than 35 years old. Abdel-Meguid 
et al14 in a previous study also limited their study 
to couples with men between 20 and 39 years old 
and women below 35 years old to eliminate age 
as a confounder and abolish the controversies 
regarding outcomes of varicocelectomy in 
younger and older age groups.

 The grade of varicocele seemed to play a 
role in sperm ROS levels. The greater the grade, 
the higher ROS levels reported, which can also 
decrease sperm concentration. According to The 
Guidelines on Male Infertility, Ikatan Ahli Urologi 
Indonesia 2015, varicocele grades 2 and 3 were 
two of the factors that might influence the success 
of varicocelectomy.11 High-grade varicocele tends 
to have poor sperm parameters. However, this 
group would acquire more improvement in sperm 
parameters compared with low-grade varicocele 
groups following varicocelectomy. Based on this 
consideration, we put varicocele grades 2 and 3 
as one group to represent high-grade varicocele. 
In bivariate analysis related to the grading of 
varicocele, this study showed a p-value=0.761. 
This suggested that the grade of varicocele did 
not significantly affect spontaneous pregnancy 
after varicocelectomy. Our finding was in line 
with previous studies conducted by Abdalla et al12 
and Abdel-Meguid et al.14

 BMI studies have been associated with the 
occurrence of varicocele.15,16 Nonetheless, there 
were limited data in the literature on the association 
of BMI with the occurrence of spontaneous 
pregnancy after varicocelectomy. The increase 
of BMI would affect the occurrence of systemic 
oxidative stress and also contribute to an endocrine 
imbalance in the hypothalamic-pituitary-gonadal 
axis that decreases testosterone levels. In this study, 
bivariate analysis showed that a BMI of <25 kg/
m2 was not significantly related to spontaneous 
pregnancy after varicocelectomy (p=0.818). Pham 
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Variable
Study group Bivariate analysis, 

p-value (OR/95% CI)
Multivariate analysis, 
p-value (OR/95% CI)Case, n (%) Control, n (%)

Age at varicocelectomy (years)
      <30 16 (42) 15 (40) 0.815

(1.11/0.44–2.78)       ≥30 22 (58) 23 (60)
Grade of varicocele
      2 and 3 31 (82) 32 (84) 0.761

(0.83/0.25–2.74)      1 7 (18) 6 (16)
Infertility duration (years)
      <2 21 (55) 15 (40) 0.168*

(1.89/0.76–4.71)
0.32

(1.66/0.61–4.48)      ≥2 17 (45) 23 (60)
BMI (kg/m2)
      <25 17 (45) 18 (47) 0.818

(0.89/0.36–2.21)      ≥25 21 (55) 20 (53)
Smoking
      No 29 (76) 26 (68) 0.442

(1.48/0.54–4.09)      Yes 9 (24) 12 (32)

Sperm concentration before varicocelectomy 
(× 106/ml)

      ≥11.47 19 (50) 20 (53) 0.818
(0.9/0.23–2.21)      <11.47 19 (50) 18 (47)

Progressive sperm motile before 
varicocelectomy (%)

      ≥37.5 23 (60) 14 (37) 0.039*
(2.26/1.04–6.63)

0.04
(2.7/1.04–6.96)      <37.5 15 (40) 24 (63)

Normal sperm morphology before 
varicocelectomy (%)

      ≥4.5 20 (53) 16 (42) 0.358
(1.52/0.61–3.77)      <4.5 18 (47) 22 (60)

Female age (years)
      <28 20 (53) 25 (66) 0.243*

(0.57/0.22–1.46) 
0.45

(0.67/0.24–1.85)      ≥28 18 (47) 13 (34)
Female BMI (kg/m2)
      <25 33 (87) 33 (87) 1

(1/0.26–3.78)      ≥25 5 (13) 5 (13)
Female in employment
      No 4 (10) 8 (21) 0.208*

(0.44/0.12–1.61)
0.45

(1.64/0.45–5.98)      Yes 34 (90) 30 (79)

Table 1. The characteristics of the samples and analysis between independent and confounding variables with the occurrence of 
spontaneous pregnancy after varicocelectomy

*Proceed to multivariate analysis; OR=odds ratio; CI=confidence interval; BMI=body mass index

and Sandlow reported that varicocelectomy in 
overweight and obese patients produced the same 
result compared with normal weight patients.17

 Multivariate analysis based on infertility 
duration of <2 years was also performed (OR 1.66; 

95% CI 0.61–4.48; p=0.32). The results suggested 
that the duration of infertility of <2 years was not 
associated with the occurrence of spontaneous 
pregnancy after varicocelectomy. The same result 
was also presented by Zorba et al18 who examined 
the effect of infertility duration on spontaneous 
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pregnancy after varicocelectomy. They found that 
spontaneous pregnancy correlated negatively with 
the duration of infertility and this could support 
the perspective that varicocele has detrimental 
effects on the testicular biology over time.

 Smoking habits in patients with varicocele 
will cause high levels of cadmium (Cd) in sperm. 
Cd has a negative effect on spermatogenesis and 
increases the production of ROS.19–21 Bivariate 
analysis regarding smoking habits showed 
p=0.442. This implied that a smoking habit was 
not significantly related to spontaneous pregnancy 
after varicocelectomy. Bivariate and multivariate 
analyses revealed that progressive sperm motility 
before varicocelectomy (≥37.5%) was the only 
factor associated with spontaneous pregnancy 
after varicocelectomy (OR 2.7; 95% CI 1.04–6.96; 
p=0.04). This result was consistent with the previous 
studies. According to Peng et al22 and Shabana et 
al,23 sperm motility prior to varicocelectomy was 
associated with spontaneous pregnancy. After 
varicocelectomy, the drop of testicular venous 
hydrostatic pressure, reflux of toxic metabolites, 
and testicle temperature will improve the function 
of Leydig and Sertoli cells and eventually sperm 
motility. A study, which tested the ability of sperm 
motility to penetrate the cervical mucus in vitro 
using a cervical mucus penetration test to obtain 
sperm motility, reported a very important role for 
the occurrence of pregnancy, especially in its ability 
to penetrate in the cervical mucus.24 This study 
found that sperm concentration (p=0.818) and 
normal sperm morphology before varicocelectomy 
(p=0.358) did not induce spontaneous pregnancy 
after varicocelectomy. Statistical analysis of a 
female partner including age, BMI, and female in 
employment showed that none of these factors 
were related to spontaneous pregnancy after 
varicocelectomy.

 Several different techniques have 
been introduced to treat varicocele, including 
high ligation of the testicular vein through a 
retroperitoneal approach above the internal 
inguinal ring (Palomo technique); ligation of 
the cremasteric and internal spermatic veins as 
they travel through inguinal canal (Ivanissevich 
technique); use of a microscope to spare 
lymphatics and arteries while ligating spermatic 
veins within the inguinal canal or below the 
external inguinal ring (inguinal or sub-inguinal 
microsurgical techniques, respectively); and 

retrograde embolization or sclerotherapy under 
radiographic guidance.1 The comparison of these 
different techniques has been attempted in many 
studies regarding their effect on sperm quality and 
pregnancy rates.6,7,13,25 Previous studies showed 
that varicocelectomy has a significant effect on 
improving total and progressive sperm motility as 
well as concentration after treatment regardless of 
techniques used.1,6 In addition, the microsurgical 
technique has proven its superiority among all 
techniques particularly in complications and 
recurrence rates and is considered as a gold 
standard in treating varicocele.1 However, this 
technique might require microsurgical training, 
and many centers do not have microscopes, like 
most of our centers in Bali. Therefore, the various 
other techniques are still considered as an option. 
Taken altogether, there would be no significant 
difference among all techniques in terms of sperm 
quality and pregnancy rates after the therapy. We 
used the Palomo technique in this study because 
we were familiar with it.

 We utilized the Palomo technique because 
most of our centers did not provide a microscope 
that is required to perform microsurgical 
technique at the time this study was conducted, 
and this issue was the limitation of this study. 
Therefore, it is more sensible to arrange a 
multicenter study in the future, which use a gold 
standard technique such as microsurgical to 
obtain more reliable results.

 In conclusion, the progressive sperm 
motility before varicocelectomy was positively 
associated with the occurrence of spontaneous 
pregnancy after varicocelectomy. None of the 
other factors such as the age at varicocelectomy, 
grade of varicocele, BMI, infertile duration, 
smoking habit, sperm concentration, and normal 
sperm morphology before varicocelectomy were 
correlated with spontaneous pregnancy after 
varicocelectomy.
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ABSTRACT

Background: Dual antiplatelet therapy (DAPT) using either an aspirin–clopidogrel (A–C) combination or aspirin–ticagrelor (A–
T) combination has become the standard therapy for acute coronary syndrome (ACS). Ticagrelor shows better pharmacokinetic 
profiles but is more expensive. This study aimed to compare cost-effectiveness and safety profiles of A–C versus A–T in patients 
with ACS.

Methods: This was a retrospective cohort study of ACS patient at the Cipto Mangunkusumo Hospital between 2014 and 2016. 
ACS patients treated for the first time with A–T or A–C were included. Occurrence of major adverse cardiovascular events (MACE) 
within 3, 6, 9, and 12 months were used as effectiveness outcomes, while safety outcomes were measured based on the incidence 
of adverse drug reactions (major and minor bleeding, dyspnea, and hyperuricemia). Cost-effectiveness analysis was presented as 
incremental cost-effectiveness ratio (ICER).

Results: Data records obtained from 123 ACS patients treated with A–C and 57 ACS patients treated with A–T were evaluated. 
Within the first three months, the MACE rate was 15.8% in the A–T group and 31.7% in the A–C group (RR: 0.498, 95% CI: 0.259–
0.957, p=0.039). There was no statistically significant difference observed in the number of MACE between groups after 6, 9, and 
12 months. The A–T group had a higher incidence of major bleeding (melena) than the A–C group (5.3% vs 1.62%, p=0.681), 
especially in geriatric patients. Minor bleeding was observed in three patients of the A–C group, but in none of the patients in the 
A–T group. The cost of ICER was IDR 279,438, indicating the additional cost needed for avoiding MACE within 3 months, if A–T 
was used.

Conclusion: The aspirin–ticagrelor combination is a clinically superior and cost-effective option for MACE prevention among 
ACS patients, especially during the first three months of DAPT, with a slight but not significantly higher major bleeding risk when 
compared to the aspirin–clopidogrel combination.
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 Coronary arterial disease (CAD) is the 
main cause of death in both developed and 
developing countries.1 According to the data 
published by World Health Organization (WHO) 
in 2012, ischemic heart disease (IHD) has 
resulted in mortality in 7.4 million individuals 
worldwide. The 2013 Basic Health Research 
performed in Indonesia revealed that CAD was 
the seventh most frequent non-communicable 
disease in Indonesia.2 According to the WHO 
prediction in 2013, mortality caused by CAD 
may reach 17.5% of total mortality cases in 
Indonesia.3

 Dual antiplatelet therapy (DAPT) 
and anticoagulant therapy have become 
the mainstay treatments for acute coronary 
syndrome (ACS). The most widely used DAPT is 
combination of aspirin with one of the adenosine 
diphosphate (ADP)–receptor antagonists of 
the thienopyridine group. Clopidogrel was the 
most widely used (ADP)–receptor antagonist 
from the thienopyridine group. However, it 
is a prodrug that requires conversion to its 
active form by cytochrome P450 enzymes 
(mainly the CYP2C19 isoenzyme), which 
show polymorphism.4,5 This polymorphism 
is associated with heterogeneous responses. 
Some patients may be partially responsive 
or even irresponsive to clopidogrel, this may 
result in a high recurrence rate of IHD (10% of 
IHD, and 2% of stent thrombosis).2

 Ticagrelor is a newer generation of ADP–
receptor antagonists and is a directly active drug. 
Thus, the sort of response variation encountered 
with clopidogrel is not expected with ticagrelor 
use. The 2009 Platelet Inhibition and Patient 
Outcomes (PLATO) study reported that ticagrelor 
is superior to clopidogrel in preventing the 
recurrence of ischemic events such as myocardial 
infarctions and ischemic strokes.6 However, 
adverse events such as gastrointestinal and 
intracranial bleeding were reported more 
frequently with ticagrelor use compared to 
clopidogrel use. In addition, ticagrelor use 
was associated with other side effects such as 
epistaxis, shortness of breath (dyspnea), and a 
higher withdrawal rate.7

 Although there is a trend toward using 
ticagrelor, many centers in Indonesia still use 
clopidogrel because of its cheaper price and 

availability under the coverage of the National 
Health Insurance System. Considering the 
different efficacy and safety profiles of these drugs 
as reported in the PLATO study of Western people, 
we intend to evaluate the cost-effectiveness and 
safety profile of these two regimens of DAPT in 
patients with ACS at the Cipto Mangunkusumo 
Hospital, Jakarta.

METHODS

Study Design
 This is a retrospective cohort study 
on ACS patients hospitalized at the Cipto 
Mangunkusumo Hospital during the period 
between January 2014 and December 2016. 
Clinical data were collected from patients’ 
medical records and drug data. All treatment 
costs were collected from the financial 
department of the hospital. The study protocol 
was approved by the Ethics Committee of the 
Faculty of Medicine, Universitas Indonesia (No. 
399/UN2.F1/ETIK/2017).

Participants
 Eligible patients were adult (age ≥18 
years), hospitalized and diagnosed for the first 
time with ACS [ST–segment–elevation myocardial 
infarction (STEMI), non-ST–segment–elevation 
myocardial infarction (NSTEMI) or unstable 
angina pectoris (UAP)]. Patients who received 
either aspirin–clopidogrel (A–C) or aspirin–
ticagrelor (A–T) combination as DAPT for a 
minimum period of 3 months were included. 
Patients who were switched from A–C to A–T or 
vice versa were included in the group of their 
initial treatment. Patients who received drugs 
other than clopidogrel and ticagrelor in their 
dual antiplatelet regimen, and patients with 
incomplete data records were excluded.

Outcomes
 Assessment of effectiveness in both 
groups was based on the incidence of major 
adverse cardiovascular events (MACE) such 
as cardiovascular death, non-fatal myocardial 
infarction, stent thrombosis, and ischemic stroke 
during observation timepoints of 3, 6, and 12 
months. The safety assessment consisted of 
bleeding (major and minor bleeding), and other 
side effects (dyspnea and hyperuricemia) during 
3 months of observation.
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Statistical considerations
 The sample size for evaluating MACE 
was calculated by using the formula for two 
proportions of two independent sample groups:8

n1= n2 = (Zɑ √2PQ + Zβ √ P1Q1 + P2Q2)2

 (P1–P2)2

P1= proportion of clopidogrel effect in avoiding 
major CV event= 80% = 0.8 (from reference 6)
P2= proportion of ticagrelor effect in avoiding 
major CV event = 90% = 0.9 (from reference 6)

 By taking Zɑ=1.96; Zβ=0.842; and 
P=(0.8+0.9)/2, it was established that a minimum 
sample size of 116 was needed for each group. 
Effectiveness and safety parameters of the two 
regimens of dual antiplatelet (A–C and A–T) were 
presented as descriptive statistics at 3, 6, and 
12-month evaluations. Comparison between the 
incidences of MACE in both groups was performed 
using the Chi-square test, and a p-value of <0.05 
was taken as the limit of statistical significance.

Cost-effectiveness analysis (CEA)
 CEA was calculated based on the 
incremental cost-effectiveness ratio (ICER). It is 
defined by the difference in cost between the two 
regiments (A–C vs A–T), divided by the difference 
in their effects, which is the percentage of patients 
without MACE. The ICER can be calculated by 
the following formula: ICER=[C1–C0]/[E1–E0], 
where C1 and E1 are the cost and effect in one 
group (A–T) group and C0 and E0 are the cost and 
effect in the control (A–C) group.9

RESULTS

 Data were retrieved from 1,059 medical 
records from patients (inpatients and outpatients) 
diagnosed with ACS at the Cipto Mangunkusumo 
Hospital from 2014 to 2016. Of those patients, 
879 were excluded. Of the excluded patients, 
484 were due to incomplete data, 267 did not 
continue treatment in this hospital, and 128 
due to miscoding of their diagnosis. Finally, 123 
patients who received aspirin–clopidogrel and 
57 patients who received aspirin–ticagrelor were 
eligible for analysis.

 Table 1 shows demographic characteristics 
of patients belonging to A–C and A–T groups. A–C 
groups had more patients with comorbidities 

such as congestive heart failure (CHF), chronic 
kidney disease, hyperlipidemia, liver disease, 
gastrointestinal disorders, and tuberculosis. The 
A–T group had more metabolic comorbidities 
such as diabetes mellitus, hypertension, and 
hyperlipidemia. Both groups were dominated 
by male patients. The A–T group had more obese 
patients, while there were more underweight 
patients in the A–C group. Accounting for the 
type of acute coronary syndrome, STEMIs were 
predominantly found in the A–T group, while 
NSTEMIs and UAPs were predominantly found in 
the A–C group.

Variable A–C group
n=123

A–T group
n=57

Age, n (%)
      <75 years 120 (97.6) 54 (94.7)
      ≥75 years 3 (2.4) 3 (5.3)
      Mean age, years 58.2 60.89
Gender, n (%)
      Male 86 (69.9) 48 (84.3)
      Female 37 (30.1) 9 (15.8)
BMI, n (%)
      Underweight 3 (2.4) 0 (0)
      Normal 112 (91.1) 48 (84.2)
      Overweight 4 (3.3) 3 (5.3)
      Obese 4 (3.3) 6 (10.5)
CAD diagnosis, n (%)
      STEMI 41 (33.34) 30 (52.63)
      NSTEMI 20 (16.26) 6 (10.52)
      UAP 62 (50.4) 21 (36.84)
Comorbidities, n (%)
      Diabetes mellitus 38 (30.9) 30 (52.6)
      Congestive heart failure 68 (55.3) 12 (21.1)
      Hypertension 74 (60.2) 45 (78.9)
      Hyperlipidemia 47 (38.2) 18 (31.6)
      CKD 10 (8.1) 6 (10.5)
      CKD with dialysis 2 (1.6) 0 (0)
      Liver disease 23 (18.7) 9 (15.8)
      GI diseases 27 (22.0) 3 (5.3)
      Tuberculosis 2 (1.6) 0 (0)
      No comorbidities 1 (0.8) 3 (5.26)

A–C=aspirin–clopidogrel; A–T=aspirin–ticagrelor; BMI=body 
mass index; CAD= coronary artery diseases; STEMI=ST–
elevated myocardial infarction; NSTEMI=non-ST–elevated 
myocardial infarction; UAP=unstable angina pectoris; 
CKD=chronic kidney disease

Table 1. Demographic characteristics of study subjects
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Clinical aspects and concomitant drug usage
 The average duration of A–C combination 
treatment was 11 months (range: 3 to 34 
months), and the average duration of A–T 
combination treatment was 6 months (range: 3 
to 21 months). There were more patients who 
switched from A–C to A–T treatment, compared 
to the inverse switch in treatment. DAPT and 
HAS-BLED scores were comparable between 
the two groups. Concomitant use of strong 
cytochrome inhibitors (omeprazole) and strong 
CYP3A4 inducers (rifampicin) were higher in 
A–C group (Table 2).

Efficacy assessment: major adverse 
cardiovascular events in patients receiving 
A–C and A–T
 Figure 1 shows that during the 3-month 
period of observation, the incident of MACE was 
significantly higher among patients in the group 
receiving A–C compared to those in the A–T 
group (31.7% vs 15.8%, p=0.039, RR 0.498, CI 
95%=0.259–0.957). The most frequent MACE was 
acute myocardial infarction (36 out of 123), while 
stroke, stent thrombosis, and cardiovascular 
death were experienced by one patient each in 
A–C group, compared to none in the A–T group. 
The 6- and 9-month periods of observation gave 
an almost identical percentage of patients with 
MACE. At 12 months, there was a trend, though 
not significant, indicating a lower incidence of 
myocardial infarction in A–T group of patients 
compared to those in the A–C group (10.0% vs 
14.75%).

Safety outcome within 3 months
 Major bleeding was higher in the 
A–T group {3/57 (5.3%)} compared to A–C 
group {2/123 (1.62%, p=0.681; RR=1.618; CI 
95%=0.374–6.994)}. On the contrary, minor 
bleeding was higher in the A–C group (2.4% vs 
0%). We did not find any cases of dyspnea or 
hyperuricemia in either group (Table 3).

Confounding factors
 As shown in table 4, the occurrence of 
MACE within the 3-month observation period 
was significantly higher in the A–C group 
than in the A–T group. Further analysis of 
confounding factors revealed that hypertension 

Variables A–C group
n=123

A–T group
n=57

Duration of DAPT, 
months [median (range)] 11 (3 to 34) 6 (3 to 21)

LOS, days [median 
(range)] 7 (1 to 60) 5 (1 to 56)

Switching, n (%) 6/123 (4.90) 3/57 (5.3)
DAPT score–n (%)
      Score ≥2 87 (70.7) 45 (78.9)
      Score ≤1 36 (29.3) 12 (21.1)

HAS–BLED score,
n (%)

      Low risk 51 (41.5) 36 (63.2)
      Moderate risk 42 (34.1) 12 (21.1)
      High risk 30 (24.4) 9 (15.8)

Other drugs with
potential interactions

      Omeprazole 13 (10.6) 3 (5.3)
      Oral anticoagulant 16 (13.0) 0 (0)
      Lansoprazole 92 (74.8) 24 (42.1)
      Sucralfate 22 (17.9) 9 (15.8)
      NSAIDs 11 (8.9) 0 (0)

Invasive procedures,
n (%)

      PCI 79 (64.2) 48 (84.2)
      Stenting 77 (62.6) 45 (78.9)
      CABG 14 (11.4) 3 (5.3)

Table 2. Some clinical aspects and concomitant drugs use in 
both groups

A–C=aspirin–clopidogrel; A–T=aspirin–ticagrelor; DAPT=dual 
antiplatelet therapy; LOS=length of stay; HAS–BLED=hypertension, 
abnormal renal or liver function, stroke, bleeding; NSAIDs=non-
steroidal anti-inflammatory drugs; PCI=percutaneous coronary 
intervention; CABG=coronary artery bypass grafting

Figure 1. Major cardiovascular events (MACE) during ob-
servation periods of 3, 6, 9, and 12 months in acute coro-
nary syndrome patients treated with combination of either 
aspirin–clopidogrel (A–C group) or aspirin–ticagrelor (A–T 
group). *p<0.05 A–C vs A–T group
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had a significant influence on the occurrence 
of MACE (p=0.019; RR=1.739; CI 95%=1.332–
2.270), while other comorbidities (DM, CHF, 
and dyslipidemia) and demographic data (age, 
BMI, gender) did not significantly influence 
MACE (Table 4). With regards to drug–drug 
interactions, omeprazole and rifampicin 
influence on cytochrome P450 activity, and 
hence would influence the metabolism of 
clopidogrel. However, the analysis did not show 
that the influence of these drugs on MACE were 
statistically significant.

Cost analysis
 Table 5 shows the average of total 
treatment costs between the 2014 and 2016 
in both A–C and A–T groups. The cost for each 
patient was calculated for 3 months following 
admission for acute coronary syndrome.

End points A–C group, n (123) A–T group, n (57) Hazard ratio for A–T (95% CI) p-value
Major bleeding, n (%) 2 (1.62) 3 (5.3) 1.618 (0.374–6.994) 0.681
Minor bleeding, n (%) 4 (3.25) 0 (0) – 0.309
Dyspnea, n (%) 0 (0) 0 (0) – –
Hyperuricemia, n (%) 0 (0) 0 (0) – –

Table 3. Safety outcomes for patients on aspirin–clopidogrel or aspirin–ticagrelor during a three-month observation period

Table 4. Analysis of confounding factors in patients with MACE within 3 months of observation

A–C=aspirin–clopidogrel; A–T=aspirin–ticagrelor; MACE=major adverse cardiovascular events; CHF=congestive heart failure

A–C=aspirin–clopidogrel; A–T=aspirin–ticagrelor

Variables A–C, n (%) A–T, n (%) RR (95% CI) p-value
MACE in 3 months 39/123 (29.3) 9/57 (15.8) 0.498 (CI=0.259–0.957) 0.039
Age
      <75 years 37/39 (94.8) 9/9 (100) 1.053 (CI=0.980–1.130) 1.00
      ≥75 years 2/39 (5.12) 0/9 (0) – –
Body mass index
      Underweight 2/39 (5.12) 0/9 (0) _ _
      Obese 1/39 (2.5) 0/9 (0) _ _
Comorbidities
      Diabetes mellitus 16/39 (41.0) 1/9 (11.1) 0.317 (CI=0.048–2.113) 0.242
      CHF 20/39 (51.3) 3/9 (33.34) 0.650 (CI=0.246–1.720) 0.466
      Hypertension 22/39 (56.4) 9/9 (100) 1.739 (CI=1.332–2.270) 0.019
      Hyperlipidemia 12/39 (30.7) 1/9 (11.1) 0.370 (CI=0.055–2.495) 0.412
Drug interactions
      Omeprazole 3/39 (7.7) 0/9 (0) – _
      Lansoprazole 25/39 (64.1) 6/9 (66.7) 1.040 (CI=0.619–1.746) 1.00
      Sucralfate 9/39 (23.1) 3/9 (33.3) 1.444 (CI=0.487–4.282) 0.671

 Application of the formula for calculating 
the incremental cost-effective ratio revealed the 
following results: ICER=(IDR 79,296,071–IDR74, 
849,993)/(84.2%–68.3%) = IDR 279,438. It 
means that an additional cost of IDR 279,438 was 
needed to avoid one MACE when using aspirin–
ticagrelor combination compared to aspirin–
clopidogrel combination.

DISCUSSION

 This was a retrospective cohort study on 
patients with ACS who received dual antiplatelet, 
clopidogrel or ticagrelor in combination with 
aspirin for at least 3 months. A total of 123 eligible 
patients were in the aspirin–clopidogrel group, 
and a total of 57 patients were in the aspirin–
ticagrelor group. The subjects in both groups 

http://mji.ui.ac.id



Nafrialdi, et al.
Aspirin with clopidogrel or ticagrelor 267

Medical Journal of Indonesia

A–C group (n=123) A–T group (n=57)
Cost components Mean (IDR) SD Mean (IDR) SD
Drug cost 18,115,140  11,560,127 14,837,325 5,273,342
Intervention cost 39,098,597 29,186,775 34,087,436 15,686,881
Room cost 3,457,408 2,846,765 2,811,818 1,564,126
Nursing cost 8,769,181 7,977,513 11,466,454 2,533,195
Outpatient cost 1,012,530 485,974 1,127,400 160,164
Readmission cost 19,722,716 12,515,736 18,261,260 29,270,650
Total cost 77,200,512 49,067,716 80,931,579 37,899,601
Total cost after discounting 3% 74,849,993 47,983,339 79,293,071 37,282,676

Table 5. Total cost covered by the National Health Insurance for patients with acute coronary syndrome who received aspirin–
clopidogrel (A–C group) and aspirin–ticagrelor (A–T group) at the Cipto Mangunkusumo Hospital between 2014 and 2016

were predominantly male (69.9% and 84.3%, 
respectively). Accounting for ACS diagnosis, more 
patients in A–T group presented with STEMI 
(52.63% vs 33.34%, respectively), while more 
UAP (50.4% vs 36.84%), and NSTEMI (16.26% vs 
10.52%) cases presented in the A–C group.

 The duration of A–C use among the 
subjects ranged between 3 and 34 months, with 
a median value of 12 months. The duration 
of A–T use ranged between 3 and 21 months, 
with a median value of 6 months. The previous 
standard DAPT treatment for ACS was aspirin 
and clopidogrel. The use of ticagrelor at the Cipto 
Mangunkusumo Hospital started in 2014. Of the 
total of 57 subjects on ticagrelor in this study, 
16% received it in 2014, 21% in 2015, and 63% 
in 2016. Of the 123 patients on clopidogrel, 26% 
received it in 2014, 43% in 2015, and 31% in 2016. 
Another study by Kim et al10 in the United States 
also reported a trend of increased ticagrelor use 
since 2013, accompanied by trend of decreased 
clopidogrel and prasugrel use.

Efficacy outcomes
 The main parameter we used to evaluate 
efficacy outcomes was the incidence of major 
cardiovascular events (MACE) including 
myocardial infarctions, cardiovascular deaths, 
strokes, and stent thromboses. In our study, 
the evaluation of MACE was done in 3 months 
intervals. This was because thrombin and 
platelets have their highest activity in the first 
three-month period. Therefore, the probability of 
MACE was its highest in this period. In addition, 
some of the patients recruited for this study 
received DAPT for only 3 months.

 The incidence of MACE was significantly 
lower in patients who received ticagrelor (15.8%) 
compared to those who received clopidogrel 
(31.7%) within the first 3 months. Although 
cumulative one-year MACE was not significantly 
different in both group, the most common MACE 
in the first 3 months was acute myocardial 
infarction, followed by stroke, stent thrombosis, 
and the least common was cardiovascular death. 
The total number of MACE over 6 months was 
almost identical between the two groups (33.3% 
vs 35%, p=0.385). The same pattern was also 
observed over 9 months (9.1% and 9.7% in A–T 
and A–C group, respectively). Over 12 months, we 
observed a lower incidence of MACE in patients 
who received A–T compared to those who received 
A–C (10% vs 14.75%). However, this difference 
did not reach statistical significance.

 The PLATO study also reported a lower 
incidence of MACE in patients on ticagrelor 
compared to those on clopidogrel (9.8% vs 
11.7%, p<0.001) after 12 months of DAPT use.5,11 
Although the difference in MACE between the two 
DAPTs in the PLATO study was relatively small, 
the large sample size yielded high statistical 
significance. The superior efficacy of ticagrelor in 
preventing MACE may be attributed to its direct 
inhibitory effect on P2Y12 receptor and platelet 
activation. Ticagrelor acts to directly inhibit 
the P2Y12 receptor on the platelet surface and 
create antiplatelet effect. However, clopidogrel 
is a prodrug that requires activation by the 
cytochrome P450 before it can exert an antiplatelet 
effect.4,12 Clopidogrel is activated in the liver by 
the CYP2C19 isoenzyme of CYP450. Inhibition of 
platelet aggregation by clopidogrel is known to 
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vary considerably among patients. This variability 
may result from several factors including genetic 
variation, clinical comorbidities, or drug–drug 
interactions. The effects of polymorphism in the 
CYP219 gene on variable response to clopidogrel, 
including poor response and resistance in mutant 
subjects have been previously described.

 In our study, 36 of 123 patients 
(29.3%) under aspirin–clopidogrel treatment 
experienced MACE within 3 months compared 
to 9 of 57 (15.8%) patients under aspirin–
ticagrelor treatment. We were unable to 
conclude whether the higher incidence of acute 
myocardial infarctions in the clopidogrel group 
is attributable to clopidogrel resistance, since we 
did not perform genetic studies. In addition, we 
do not have data on the prevalence of clopidogrel 
resistance in the native Indonesian population. 
Guha et al13 in Kolkata India, conducted a study in 
144 patients with ACS and reported clopidogrel 
resistance in 12.5% of patients and poor response 
in 19.44%.11 Another study conducted by Kumar 
et al14 involving 39 ACS patients in India showed 
a 2.54% of clopidogrel resistance in 2.54% of 
patients and partial response in 12.70%.

Confounding analysis
 Clinical comorbidities that potentially 
contribute to the occurrence of MACE are 
diabetes mellitus, history of coronary disease, 
high BMI, heart failure, chronic kidney disease, 
and smoking. In our study subjects, comorbidities 
were not uniformly distributed between the two 
groups. DM and obesity were both higher in the 
A–T group, while heart failure was more frequent 
in the A–C group. The Studies of Left Ventricular 
Dysfunction (SOLVD) reported that patients with 
acute myocardial infarction were twice more 
likely to be hospitalized if they had heart failure.15 
On the other hand, the risk of mortality in heart 
failure patients was four times higher, if they had 
a myocardial infarction.

 When drug–drug interactions were 
examined, only omeprazole potentially interfered 
with clopidogrel action through inhibition of CYP. 
There was a slightly higher number of patients in 
the A–C group that received omeprazole compared 
to those in A–T group (10.6 vs 5.3%). In addition, 
more patients in the A–C group also received 
NSAIDs. NSAIDs may play a role in the higher 
incidence of acute myocardial infarctions, as they 

are known to increase the risk of recurrence of 
coronary disease. However, the small sample 
size did not allow us to confirm this conclusion. 
Further studies with adequate sample sizes are 
needed to confirm this issue. Another possible 
influencing factor is the background to the ACS 
diagnosis. As seen in table 1, a higher number 
of patients in the ticagrelor group underwent 
primary percutaneous coronary intervention 
(PCI) and stent compared to the clopidogrel 
group. It is likely that this intervention plays a 
role in the lower incidence of acute myocardial 
infarctions within 3 months of DAPT treatment.

Safety assessment
 Major bleeding within three months 
occurred in 3 of 57 (5.3%) patients of A–T group. 
They had melena within 1 to 2 weeks after 
ticagrelor consumption. Three patients were 
aged more than 75 years old, with normal BMI 
and comorbidities of DM, hypertension, and 
CHF. They were diagnosed with STEMI and had 
no concomitant drug with potential to increase 
bleeding risk. These patients were then switched 
to clopidogrel for 12 months, with no recurrence of 
bleeding reported. The PLATO study noted that the 
risk of bleeding increases in geriatric patients.11 
Each decade of age increases the risk for major 
bleeding with hazard ratio by 1.61; CI 95%, 0.374–
6.994). However, subanalysis in PLATO study did 
not prove an increase in risk of major bleeding in 
patients older than 75 years old.11

 Of the 123 patients (1.62%) in A–C 
group, two experienced bleeding. One of them 
had melena, while the other had anemia that 
required transfusion. The patient with melena 
was 72 years old, and experienced melena after 
5 months of treatment with aspirin+clopidogrel. 
Aspirin was then discontinued, while clopidogrel 
was continued. The patient with anemia was 52 
years old with a history of warfarin use, which 
potentially interacts with clopidogrel. Anemia 
reported after 7 months of treatment with 
aspirin, clopidogrel, and warfarin. Clopidogrel 
and warfarin were withdrawn for 1 month; 
clopidogrel use has been resumed since. No MACE 
has been subsequently reported in this patient.

 Minor bleeding was noted in 4 of 123 
(3.25%) patients in the A–C group, and in none of the 
patients in the A–T group. Presentation of bleeding 
was respectively, epistaxis, gingival bleeding, and 
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hematuria. All these patients experienced minor 
bleeding while receiving DAPT concomitantly with 
an anticoagulant such as warfarin and enoxaparin. 
It was concluded that bleeding in these patients 
was attributable to warfarin or enoxaparin use, 
rather than the DAPT itself.

 We did not find other side effects such as 
dyspnea and hyperuricemia. This is likely a result 
of the limited sample size of patients. The PLATO 
study reported that the incidence of dyspnea 
and hyperuricemia was higher in patients who 
received ticagrelor. It is hypothesized that the 
sensation of dyspnea was associated with an 
inhibition of the P2Y12 receptor on sensory 
neurons, particularly when reversible inhibitors 
such as ticagrelor are used.16,17

Outcome cost
 Total cost comprises of all direct medical 
costs (drug cost, intervention cost, room cost, 
nursing cost, outpatient cost, and readmission 
cost). Total cost after 3% discounting was higher 
in A–T group by IDR 79,293,071 than in the A–C 
(IDR 74,849,993). Referring to effectiveness of 
A–T and A–C treatment of 84.2% and 68.3%, 
respectively, calculation of ICER gave the result 
of IDR 279,439. It means that for each MACE 
avoidance in a 3-month period, an addition of IDR 
279,439 is spent when ticagrelor was used, instead 
of clopidogrel. This ICER was far below gross 
domestic product (GDP), which is IDR 49,000,800. 
According to the WHO recommendation, an ICER 
of <1 GDP is considered cost-effective, while an 
ICER >3 GDP is considered not cost-effective.8

Limitation of the study
 According to sample size calculations, 
116 subjects in each arm were required. However, 
in the aspirin–ticagrelor group, this number was 
not achieved because a large number of potential 
study recruits did not meet the inclusion criteria. 
Sample size shortages caused some limitations to 
this study, such as lack of statistical significance 
in the outcomes of the 6, 9, and 12-month 
observation periods. In studies with larger 
sample sizes, the differences were consistently 
reported up till a year of observation. Another 
limitation of this study is the difficulty in drawing 
conclusions about the role of confounding factors 
including comorbidities, concomitant treatments 
and types of ACS. However, the significant results 
in MACE outcomes and major bleeding from the 

3-month observation period may describe the 
general profiles of efficacy and safety for these 
two treatment regimens.

 Finally, we concluded from this study that 
ticagrelor is more effective in preventing MACE 
compared to clopidogrel. Statistically significant 
differences in outcomes were detected within 
3 months of DAPT use. The higher incidence of 
major bleeding in ticagrelor group seemed to be 
inherent to its effectiveness. The higher frequency 
of minor bleeding among patients who received 
clopidogrel was likely due to concomitant use 
of anticoagulants. Cost-effectiveness analysis 
revealed that ticagrelor was more cost-effective 
than clopidogrel.

Conflict of Interest
 Nafrialdi is one of the editorial board 
members, but was not involved in the review or 
decision process for this article.

REFERENCES

1. Finegold JA, Asaria P, Francis DP. Mortality from 
ischaemic heart disease by country, region, and age: 
statistics from World Health Organization and United 
Nations. Int J Cardiol. 2013;1658(2):934–45.

2. Kementerian Kesehatan RI. Riset Kesehatan Dasar: 
Riskesdas 2013 [Internet]. Available from:http://www.
depkes.go.id/resources/download/general/Hasil%20
Riskesdas%202013.pdf

3. World Health Organization. Cardiovascular diseases 
(CVDs), [websites], Available from: http://www.who.
int/mediacentre/factsheets/fs317/en/

4. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli 
M, Andreotti F, et al. 2015 ESC guidelines for the 
management of acute coronary syndromes in patients 
presenting without persistent ST–segment elevation: 
task force for the management of acute coronary 
syndromes in patients presenting without persistent ST-
segment elevation of the European society of cardiology 
(ESC). Eur Heart J. 2016;37(3):267–315.

5. Parodi G, Marcucci R, Valenti R, Gori AM, Migliorini A, 
Giusti B, et al. High residual platelet reactivity after 
clopidogrel loading and long–term cardiovascular 
events among patients with acute coronary syndromes 
undergoing PCI. JAMA. 2011;306(11):1215–23.

6. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson 
H, Held C, et al. Ticagrelor versus clopidogrel in 
patients with acute coronary syndromes. N Engl J Med. 
2009;361(11):1045–57.

7. Anonym. Brilinta. Ticagrelor. Azta zeneca, package 
insert.

8. Madiyono B, Sastroasmoro S, Budiman I, Purwanto 
SH. Perkiraan besar sampel. Dalam: Sastroasmoro 
S, Ismail S, editors. Dasar–dasar metodologi 

http://www.who.int/mediacentre/factsheets/fs317/en/
http://www.who.int/mediacentre/factsheets/fs317/en/


270
Med J Indones

Vol. 27, No. 4, December 2018

penelitiank linis. Jakarta: SagungSeto; 2014. p352–
87. [Indonesian].

9. Kementrian Kesehatan Republik Indonesia 2015. 
Pedoman penerapan kajian farmako ekonomi. P:18–41.
[Indonesian].

10. Kim K, Lee TA, Touchette DR, DiDomenico RJ, Ardati AK, 
Walton SM. Contemporary trends in oral antiplatelet 
agent use in patients treated with percutaneous 
coronary intervention for acute coronary syndrome. J 
Manag Care Spec Pharm. 2017;23(1):57–63.

11. Husted S, James S, Becker RC, Horrow J, Katus H, 
Storey RF, et al. Ticagrelor versus clopidogrel in elderly 
patients with acute coronary syndromes: a substudy 
from the prospective randomized PLATelet inhibition 
and patient outcomes (PLATO) trial. Circ Cardiovasc 
Qual Outcomes. 2012;5(5):680–8.

12. Siller–Matula JM, Trenk D, Schrör K, Gawaz M, 
Kristensen SD, Storey RF, et al. Response variability to 
P2Y12 receptor inhibitors: expectations and reality. 

JACC Cardiovasc Interv. 2013; 6(11):1111–28.
13. Guha S, Sardar P, Guha P, Roy S, Mookerjee S, 

Chakrabarti P, et al. Dual antiplatelet drug resistance in 
patients with acute coronary syndrome. Indian Heart J. 
2009;61(1):68–73.

14. Kumar S, Saran RK, Puri A, Gupta N, Sethi R, Surin WR, 
et al. Profile and prevalence of clopidogrel resistance 
in patients of acute coronary syndrome. Indian Heart J. 
2007;59(2):152–6.

15. The SOLVD Investigators. Effect of enalapril on survival 
in patients with reduced left ventricular ejection 
fractions and congestive heart failure. N Engl J Med 
1991;325(25):293–302.

16. Cattaneo M, Faioni E. Why does ticagrelor induce 
dyspnea? Thromb Haemost. 2012;108(6):1031–6.

17. Lucenteforte E, Lombardi N, Barchielli A, Torrini M, 
Mugelli A, Vannacci A. Ticagrelor–related dyspnea in 
patients with acute coronary syndrome: a three year 
cohort study. 2015.

http://mji.ui.ac.id

https://www.ncbi.nlm.nih.gov/pubmed/28025925
https://www.ncbi.nlm.nih.gov/pubmed/28025925


Bawazier, et al.
Caregivers of hemodialysis patients 271

Anxiety and depression among caregivers of hemodialysis patients at the Indonesian 
national referral hospital

pISSN: 0853-1773 • eISSN: 2252-8083 • https://doi.org/10.13181/mji.v27i4.2999 • Med J Indones. 2018;27:271–8
• Received 17 Jul 2018 • Accepted 30 Nov 2018

Copyright @ 2018 Authors. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License 
(http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the 
original author and source are properly cited.

Lucky A. Bawazier,1 Ignatius Stanley,2 Wicensius Sianipar,2 Suhardjono1

1 Department of Internal Medicine, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, Jakarta, Indonesia
2 Jakarta Medical Center Hospital, Jakarta, Indonesia

ABSTRACT

Background: In Indonesia, chronic kidney disease (CKD) is primarily managed by hemodialysis (HD) because limited resources 
rule out the possibility of renal transplantation. HD patients are commonly accompanied by caregivers. However, most studies 
have neglected the health of caregivers, who play an important role in the survival of HD patients. This study aimed to determine 
the proportion of caregivers who suffer from anxiety and depression and the factors involved.

Methods: This was a cross-sectional study involving 100 caregivers in the HD unit of Cipto Mangunkusumo Hospital, Jakarta. This 
study used the hospital anxiety depression scale (HADS) to determine the extent of anxiety and depression among caregivers. All 
caregivers were asked to fill out the questionnaire without assistance.

Results: A total of 28% and 18% of caregivers were found to be anxious and depressed respectively. The caregiver’s relationship 
with the patient, whether the caregiver was being paid or unpaid, the total duration of care, and income were not associated with 
levels of anxiety and depression. However, the proportion of each 24-hour period spent on care was significantly associated with 
anxiety (p=0.037) and depression (p=0.015). The time spent on care every 24 hours was also a significant predictor of anxiety 
(p=<0.001) and depression (p=0.021).

Conclusion: One-third of caregivers were found to be anxious and/or depressed. The time spent on care every 24 hours was a 
strong predictor of both anxiety and depression.
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 The World Health Organization’s (WHO) 
global status report on non-communicable 
diseases (NCDs) in 2014 identified NCDs as the 
leading cause of death in the world, affecting 38 
million people (68%) and causing 56 million 
deaths worldwide.1 A progress report issued by 
the WHO in 2017 revealed that 73% of deaths were 
due to NCDs and 27% of them were premature, 
including those due to chronic kidney disease.2 

In Indonesia, the management of end-stage renal 
disease (ESRD) is mostly by hemodialysis (HD), 
instead of kidney transplantation due to limited 
resources and access.3 HD patients are commonly 
accompanied by caregivers who also take care 
of them outside the HD center. Previous studies 
have reported that a caregiver does not have to be 
related to the patient and may be paid or unpaid. 
Caregivers are the persons who are closest to 
the patients in daily life. Their jobs may include 
reminding patients to take care of administrative 
tasks before HD, reminding patients to take their 
medications, making doctors’ appointments, 
taking care of patients’ hygiene, monitoring 
the foods or drinks consumed by patients, and 
accompanying them to the HD center.4 Although 
the number of studies related to the mental 
health condition of caregivers of HD patients 
continues to grow, there are still few studies that 
investigate the rates of anxiety and depression 
among caregivers in the process of taking care 
of HD patients over a long period of time. While 
several studies have reported the high prevalence 
of anxiety and depression among HD patients,5–7 
the fact that the mental health of caregivers can 
also be affected has not received appropriate 
attention. Even when it comes to ESRD patients, 
previous studies have concentrated mostly on the 
survival and mental status of the patients but not 
the health and mental status of caregivers. It has 
been shown in a different population that being a 
long-term caregiver is a risk factor for depression 
and an increased risk of cardiovascular events.8,9 
The objective of this study was to determine 
the mental health condition of caregivers who 
routinely take care of HD patients in Cipto 
Mangunkusumo Hospital, Jakarta.

METHODS

Study design and population
 This was a cross-sectional study 
conducted at Cipto Mangunkusumo Hospital’s HD 

unit. The inclusion criteria were: aged ≥18 years, 
working as caregivers for at least 3 months, and 
an HD frequency of twice a week. Subjects with 
self-reported histories of depression, anxiety, 
or other psychiatric disorders were excluded 
from the study. A total of 100 subjects agreed 
to participate and were included in this study. 
Every subject was provided with information 
regarding the study and informed consent was 
obtained. The study was approved by the Health 
Research Ethics Committee, Faculty of Medicine, 
Universitas Indonesia–Cipto Mangunkusumo 
Hospital (No. 0120/UN2.F1/ETIK/2018).

Anxiety and depression screening 
questionnaire
 The hospital anxiety and depression scale 
(HADS), chosen for its simplicity, was used to 
screen caregivers with anxiety and/or depression. 
It consists of a total of 14 questions with 7 
questions each related to anxiety and depression. 
The HADS consist of questions about activities of 
daily living. Each caregiver was briefed on the aim 
of the study and how to fill out the questionnaire. 
All caregivers who agreed to participate were 
asked to fill out the questionnaire by themselves, 
without intervention. The HADS results were 
divided into 3 categories—normal (0–7), 
borderline (8–10), and abnormal (11–21). HADS 
questionnaire is used to screen patients with 
possibility of anxiety and/or depression but the 
diagnosis should be made only by psychiatrists or 
psychosomatic physicians according to Diagnosis 
and Statistical Manual of Mental Disorders (DSM-
5). However, subjects with borderline scores 
(who tended to be depressed and/or anxious) 
were categorized as abnormal depending on the 
clinical importance of their condition. Caregivers 
with abnormal HADS scores were advised to visit 
a psychiatrist and/or psychosomatic physician 
for further workup and possible treatment.

Research variables
 The baseline characteristics comprised 
age, sex, educational background, marital status, 
HD duration, mobility of patients, duration of 
caring for the patients, time spent on care every 
24 hours (at home and in the HD unit), caregivers’ 
relationships with patients, whether or not they 
were paid for their services, caregivers’ average 
income, patients’ average income, and reason for 
initiating HD. On the basis of age, caregivers were 
divided into 3 groups: younger than 40, 41–60, and 
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older than 60 years. Educational background was 
divided into primary school, junior high school, 
senior high school, diploma/undergraduate, and 
postgraduate. The duration of HD undergone 
by the patient and the duration for which the 
caregiver had been caring for the patient were 
categorized into 3 time frames; 1–5 years, 6–10 
years, and more than 10 years. Patients’ mobility 
was defined in relation to whether they needed 
a wheelchair for everyday activities. Caregivers 
were categorized as related (family) or unrelated 
(not family) to patients. The average income of 
patients and caregivers was determined by using 
the provincial minimum wage as the baseline. 
The cause of initiating HD was subdivided into 
diabetes, hypertension, renal stone, nephrotic 
syndrome, and lupus nephritis.

Outcomes
 The primary outcome of this study was 
the proportion of caregivers with depression 
and anxiety. The secondary outcome was the 
effect of the caregiver’s relationship with the 
patient (family or unrelated), duration of being 
a caregiver, time spent on care every 24 hours, 
care giver’s income, and being paid or unpaid on 
depression and anxiety.

Statistical analysis
 Baseline characteristics were presented 
as frequencies and proportions (age, sex, 
education, marital status, HD duration, mobility 
of HD patients, how long the caregivers’ had been 
caring for the patient, time spent on care every 
24 hours, caregivers’ relationships with patients, 
average income of caregivers and patients, and 
reason for initiating HD) as well as mean and 
standard deviation (SD) (age, time spent on 
care every 24 hours, and HD duration). The 
results of the HADS screening were presented as 
frequencies and proportions. Bivariate analyses 
using chi-square tests were used to determine 
the association between anxiety and depression 
and the caregiver’s relationship with the patient, 
duration of being a caregiver, caregiver’s income, 
status as paid or unpaid, and time spent on care 
every 24 hours. Continuity correction was used to 
determine significance. If over 20% of the expected 
counts were less than 5, Fisher’s exact test was 
used to analyze the corresponding associations. 
Logistic regression was also performed to 
determine the most important variables for 
anxiety and depression. A p-value of <0.05 was 

considered to indicate statistical significance. The 
statistical analysis was conducted using Statistical 
Product and Service Solutions (SPSS) Statistics 
23.0 (IBM Corp., Armonk, NY).

RESULTS

 Table 1 provides the baseline 
characteristics of caregivers and HD patients at 
Cipto Mangunkusumo Hospital, Jakarta. The mean 
age of caregivers was 45.20 years (SD=13.72). The 
mean duration of HD treatment and caregivers’ 
duration of care were 5.47 years (SD=6.38) and 
5.81 years (SD=5.88) at home and at HD unit, 
respectively. The mean time spent on care every 
24 hours was 9.39 hours (SD=6.25), consisting of 
4.47 hours (SD=6.20) and 4.92 hours (SD=0.65) 
at home and in the HD unit, respectively. Most 
caregivers were female (70%). Of all 100 
caregivers, 74% had university degrees, 36% 
held diplomas/undergraduate degrees, and 38% 
had postgraduate degrees. The majority (75%) 
of caregivers were married and related (94%) to 
the HD patients they cared for. Almost all (81%) 
HD patients were independent in terms of daily 
mobility (not wheelchair dependent). Almost all 
(91%) caregivers were not professionally paid to 
care for the patient and some (28%) had average 
incomes lower than the provincial minimum 
wage. This was in line with the average HD 
patient’s income, which was (35%) lower than 
the provincial minimum wage. The most common 
cause of kidney disease observed in this study 
was hypertension (52%).

 Table 2 describes the frequency of anxiety 
and depression found among caregivers of HD 
patients at Cipto Mangunkusumo Hospital. Of the 
100 caregivers, almost one-third were anxious 
and/or depressed, according to the results of the 
HADS questionnaire. The mean HADS anxiety 
dimension score was 5.17 (SD=3.67), whereas the 
mean HADS depression dimension score was 4.01 
(SD=3.29).

 Table 3 describes the relationship 
between the analyzed covariates and anxiety, 
depression and mixed cases (anxiety and 
depression in the same person). Caregivers who 
were related to patients were more likely to have 
abnormal anxiety scores than those who were not 
related. Predictably, paid caregivers were found 
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Characteristics %
Age
      <40 26
      41–60 60
      >60 14
Sex
      Male 30
      Female 70
Education level
      Primary school 2
      Junior high school 9
      Senior high school 15
      Diploma/undergraduate 36
      Postgraduate 38
Marital status
      Unmarried 21
      Married 75
      Widow 4
Patients’ HD duration (years)
      1–5 68
      6–10 17
      >10 15
HD patients’ mobility
      Independent 81
      Wheelchair dependent 19

Caregivers’ duration of caring for patients 
(years)

      1–5 61
      6–10 21
      >10 18
Time spent on care every 24 hours
      At home
            <4 hours 70
            ≥4 hours 30
      At HD center
            <4 hours 5
            ≥4 hours 95
      At home & HD center
            <9 hours 71
            ≥9 hours 29
Caregivers’ relationship with patients
      Not related 6
      Related 94
Paid as a caregiver
      Unpaid 91
      Paid 9 

Table 1. Baseline characteristics of caregivers and HD 
patients (n=100)

Table 1. Baseline characteristics of caregivers and HD 
patients (n=100) (continued)

HD=hemodialysis; CKD=chronic kidney disease

Table 2. Anxiety and depression among caregivers of HD 
patients

(continued)

*mixed case consisted of subjects with both anxiety and 
depression

Caregiver anxiety and depression % CI 95%
Anxiety 28 (14–31)
Depression 18 (7–20)
Mixed case* 12 (6–19)

to be less anxious than those who were unpaid. 
Those who had provided care for less than 4 
years were found to be more anxious than those 
who had been caring for patients for more than 4 
years, and the time spent on care every 24 hours 
both at home and in the HD unit significantly 
affected the anxiety dimension of the HADS score 
(p=0.037). Caregivers’ income was also found to 
affect the score, especially so in those who had an 
income lower than the minimum provincial wage, 
although this relationship was not significant.

 Related caregivers were more likely 
than unrelated caregivers to have depression 
scores in the abnormal range. As was the case 
with anxiety, unpaid caregivers were also more 
likely to have abnormal depression scores. 
However, in terms of the duration of care, those 
who had been caregivers for in excess of 4 years 
had higher abnormal depression scores than 

Average income of caregivers
      Less than provincial minimum wage 28
      Same as provincial minimum wage 12
      More than provincial minimum wage 22
Average income of HD patients
      Less than provincial minimum wage 35
      Same as provincial minimum wage 10
      More than provincial minimum wage 17
Etiology of CKD
      Diabetes 32
      Hypertension 52
      Renal stone 3
      Nephrotic syndrome 7
      Lupus nephritis 2
      Others 4
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Table 3. Bivariate relationship and logistic regression analysis between HADS scores and covariates

Covariates
HADS anxiety score

Normal Abnormal p OR (95% CI) B p Adjusted 
OR

Relationship with the patient
      Related 66 (70.21%) 28 (29.79%)

0.181* 1.42
(1.25–1.63) 2.067 0.999 0.110

      Not related 6 (100%) 0 (0%)

Paid as a caregiver

      Unpaid 65 (71.43%) 26 (28.57%)
1.000* 1.40

(0.23–7.19) 0.792 0.479 2.208
      Paid 7 (77.77%) 2 (22.23%)
Caregiver duration of care
      <4 years 31 (65.95%) 16 (34.05%)

0.296† 0.57
(0.24–1.37) -0.322 0.586 0.724

      ≥4 years 41 (77.36%) 12 (22.64%)
Caregiver income
      <MPW 37 (71.15%) 15 (28.85%)

0.326† 0.52
(0.19–1.47) -1.012 0.145 0.363

      ≥MPW 20 (80%) 5 (20%)
Time spent on care every 24 hours 
(at home and in the HD unit) 72 (72%) 28 (28%) 0.037‡ 1.39

(0.02–0.12) 2.048 0.001 7.755

HADS depression score
Relationship with the patient
      Related 77 (81.91%) 17 (18.09%)

1.000* 1.10
(0.12–10.06) 0.031 0.980 1.032

      Not related 5 (83.33%) 1 (16.67%)
Paid as a caregiver
      Unpaid 75 (82.41%) 16 (17.59%)

0.663* 0.75
(0.14– 3.93) -0.173 0.871 0.842

      Paid 7 (77.78%) 2 (22.22%)
Caregiver duration of care
      <4 years 41 (87.23%) 6 (12.77%)

0.307† 2.00
(0.69– 5.84) -0.973 0.147 0.378

      ≥4 years 41 (77.36%) 12 (22.64%)
Caregiver income
      <MPW 44 (84.61%) 8 (15.39%)

0.429† 0.48
(0.13– 1.78) -0.234 0.759 0.792

      ≥MPW 22 (88%) 1 (12%)

Time spent on care every 24 hours 
(at home and in the HD unit) 82 (82%) 18 (18%) 0.015† (0.00–0.03) 1.560 0.021 4.760

HADS mixed score
Relationship with the patient
      Related 81 (83.33%) 8 (16.67%)

1.000* 1.15
(1.06–1.24) 1.955 0.999 0.310

      Not related 6 (81.91%) 0 (18.09%)
Paid as a caregiver
      Unpaid 79 (82.41%) 7 (17.59%)

1.000* 1.10
(0.13–9.66) 0.295 0.814 1.343

      Paid 8 (77.78%) 1 (22.22%)
Caregiver duration of care
      <4 years 43 (87.23%) 2 (12.77%)

0.482† 1.91
(0.54–6.81) -0.925 0.184 0.396

      ≥4 years 44 (77.36%) 6 (22.64%)
Caregiver income
      <MPW 46 (84.61%) 4 (15.39%)

0.470* 0.52
(0.12–2.34) 0.073 0.928 1.076

      ≥MPW 22 (88%) 2 (12%)

Time spent on care every 24 hours 
(at home and in the HD unit) 92 (82%) 8 (18%) 0.049‡ 0.91

(0.01–0.11) 1.681 0.018 5.373

*Fisher’s exact test; †Continuity correction test; ‡Mann-Whitney U test. HADS=hospital anxiety and depression scale; OR=odds 
ratio; CI=confidence interval; MPW=minimum provincial wage; HD=hemodialysis
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those who had been providing care for less than 
4 years. Caregivers with incomes lower than 
the minimum provincial wage also had higher 
depression scores. Caregivers’ time spent on 
care every 24 hours both at home and in the HD 
unit significantly affected the depression scores 
(p=0.015). Furthermore, there were more mixed 
cases among related caregivers than among 
those who were not related to the patients 
they cared for. A similar result was observed in 
unpaid caregivers. There were also more mixed 
cases among caregivers who had provided more 
than 4 years of care than among those who had 
been caring for patients for less than 4 years. A 
higher proportion of mixed cases was also found 
in caregivers with a salary below the provincial 
minimum wage. Caregivers’ time spent on care 
every 24 hours both at home and in the HD unit 
was significantly associated with both anxiety 
and depression (p=0.049).

 The logistic regression analysis that used 
to predict the effects of several covariates on 
anxiety, depression, and mixed cases were also 
shown in table 3. In terms of the relation between 
anxiety, depression, or mixed cases and several 
covariates such as the relationship with the 
patient, being paid or unpaid, duration of care, 
and caregivers’ income, these covariates were 
not strong predictors. Interestingly, time spent on 
care every 24 hours was a significant predictor of 
anxiety (p=0.001; B: 2.048, OR: 7.755), depression 
(p=0.021; B: 1.560, OR: 4.760), and mixed cases 
(p=0.018; B: 1.681, OR: 5.373).

DISCUSSION

 Many previous studies have focused 
on assessing the burden of caring for someone 
undergoing HD, but have neglected anxiety and 
depression among caregivers. The objectives of 
this study are to determine the characteristics 
of HD caregivers, the association of those 
characteristics with several covariates, and 
whether those covariates could become 
predictors of anxiety and depression or not. Our 
study showed that the mean age of caregivers 
was 45.20 years, which was similar to the mean 
ages reported in prior studies.10,11 Most of the 
HD caregivers in our study were female, similar 
to studies in India and China.12,13 HD patients 
and their caregivers in this study were mostly 

related, similar to other studies.14–16 In our 
study, this could be explained by the fact that 
most subjects were married Indonesian women, 
who tend to be housewives and therefore have 
more time to care for their family members. The 
proportions of caregivers with undergraduate 
and postgraduate degrees were higher than 
the proportion with only primary or high 
school degrees. This was similar to findings 
from previous studies conducted in developed 
countries.17,18 This study found that 28% and 
18% of caregivers were anxious and depressed, 
respectively. These results are higher than those 
reported for the general population in 2017 
by the WHO, i.e. 4.4% and 3.6% for anxiety 
and depression respectively.19 Furthermore, 
an earlier study reported higher percentage 
(42.6%) of caregivers with HADS depression 
scores in the abnormal range.20 Another study, 
by Nipp et al,21 which observed anxiety and 
depression using HADS in incurable cancer 
patients, who experience similar psychological 
effects to those of HD patients undergoing routine 
dialysis, reported a similar percentage (16.4%) 
of caregivers with abnormal HADS depression 
scores but a higher percentage (42.2%) of 
caregivers with abnormal HADS anxiety scores. 
The difference between our study and previous 
studies regarding the prevalence of anxiety and 
depression might be due to technical issues 
during data collection. Several factors might 
have had an impact on the HADS results in this 
study: these are outlined below.

 Ideally, to prevent biased answers, the 
HADS questionnaire should not be completed 
while the caregivers are in close proximity to the 
patients, but this was not possible because the 
patients needed their caregivers’ assistance in 
eating and drinking during the dialysis process. 
Some caregivers also needed the patients’ help to 
understand the questionnaire. In Indonesia, most 
people have strong spiritual lives related to their 
religion. This factor could have influenced the 
frequency of anxiety and depression observed 
in this study as they coped well with their 
burden. The sense of responsibility of caring 
for the patient, especially among those who 
were related, and the feeling of gratefulness for 
not having to suffer like the patient, had a great 
effect on the HADS results. This is supported by a 
study conducted in Iran by Rahnama et al22 which 
showed the coping and moderating effects of 
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religion. The relationship with the patient, being 
paid or unpaid, total duration of care, and income 
did not significantly affect anxiety and depression. 
However, time spent on care every 24 hours both 
at home and in the HD unit significantly affected 
both anxiety and depression. In further analysis, 
it was shown that time spent on care every 24 
hours was also a strong predictor of anxiety and 
depression as in Zhang et al23 study. This might be 
due to economic reasons, especially in patients 
who are not as productive as before undergoing 
routine HD. Therefore, caregivers whose incomes 
are lower than the provincial minimum wage 
have to carry the burden of fulfilling daily needs 
and caring for patients by themselves. The 
limitation of this study was a small sample size, 
further research should be conducted in larger 
sample size to better represent the true outcome 
in the population. Additionally, there might be 
an observer bias during filling the questionnaire 
because some participants needed assistance to 
understand the question and answer options due 
to low educational background.

 In conclusion, our study demonstrated 
that the time spent on care every 24 hours is 
a strong predictor of anxiety and depression 
among HD caregivers. Therefore, the authors 
recommend advising all HD caregivers to institute 
a shift system, so that the responsibility of caring 
for the patient does not fall on a single person. 
Furthermore, it is recommended that every HD 
unit gather all caregivers at least once a month so 
that their problems can be shared and they can 
receive solutions and psychological support.
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ABSTRACT

Background: Allergic asthma is a chronic inflammatory airway disease mediated by immunologic mechanisms. Based on the 
degree of severity, allergic asthma is divided into intermittent asthma and persistent asthma. IgE plays an important role in 
mediating allergic response in asthma; however, there are no studies on total IgE levels in adult asthmatic patients in Indonesia 
based on disease severity. This study aimed to determine the difference of serum total IgE levels between adult patients with 
intermittent and persistent allergic asthmas.

Methods: This was a cross-sectional study of allergic asthma patients treated at the Allergy-Immunology Division Polyclinic, 
Cipto Mangunkusumo Hospital, Jakarta from January to August 2017. The data obtained included the demographic information of 
the patients, the level of severity of asthma, and the total serum IgE level. The severity level was the independent variable, while 
the total serum IgE level was the dependent variable. Median difference was analyzed using a Mann-Whitney U test.

Results: There were 60 patients included in this study. Based on the degree of severity, 11 patients (18.3%) had intermittent 
asthma and 49 patients (81.67%) had persistent asthma. The mean (standard deviation) total serum IgE level in all subjects was 
42.35 (32.7) IU/ml. Median total serum IgE level was significantly higher in persistent asthma than in intermittent asthma (37 
vs. 16 IU/ml; p=0.004). 

Conclusion: Serum total IgE levels in persistent allergic asthma patients were significantly higher than in intermittent allergic 
asthma patients. This finding is consistent with a more severe degree of airway inflammation.
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 Asthma is a heterogeneous disease, 
characterized by a chronic inflammation of the 
airway.1 Diagnosis of asthma is based on the 
typical respiratory symptoms and spirometry 
test.2 Based on its severity, asthma is categorized 
as intermittent and persistent asthmas, which can 
be further grouped as mild, moderate, and severe.3

 Allergic asthma is an immunologically 
mediated asthma, which is orchestrated by the 
immunoglobulin E (IgE).4 Most of the IgE molecules 
are located in the tissue; the free IgE in the serum 
is the lowest level of all type of IgE. Although 
total IgE level is very low in the serum, it is highly 
biologically active due to its bond with high-
affinity receptor (FceRI) in the surface of mast cells 
and basophils. Allergen binding to IgE and then 
to FceRI in mast cells or basophils may cause cell 
degranulation, release inflammatory mediators 
and cytokines, and result in hypersensitivity 
symptoms such as plasma extravasation, smooth 
muscle cell contraction, and itching.5

 Asthmatic patients showed higher total 
serum IgE levels than non-asthmatic people.6 The 
normal range for total serum IgE levels is 1.5–144 
kU/l (1 kU/l=1 IU/ml).7 The recommended upper 
limit for total serum IgE levels is 195.1 IU/ml,8 but 
other study proposed a value of more than 300 IU/ml 
to consider it pathologic.9 Specific IgE level to house 
dust mite in sensitized adults with asthma is directly 
correlated with settled dust level of these allergens. 
A correlation was found between the specific 
IgE allergen level with a range of inflammatory, 
physiologic, and clinical markers. This suggests the 
use of indoor allergen-specific IgE levels as potential 
clinical biomarkers. Some allergen-specific IgE 
levels could be used for measuring the exposure 
and the degree of sensitization, and will also relate 
with the disease severity.10 There are no studies 
on allergen-specific IgE related to asthma severity 
available in Indonesia. This study aimed to evaluate 
the serum total IgE levels among adult patients 
with intermittent and persistent allergic asthmas 
to explore the role of exposure and sensitization to 
allergens in the disease severity.

METHODS

Study design and subjects
 This was a cross-sectional study 
conducted between January and August 2017 

in the Department of Internal Medicine, Faculty 
of Medicine, Universitas Indonesia–Cipto 
Mangunkusumo Hospital, Jakarta. Subjects were 
recruited from the outpatient clinic of Allergy 
and Clinical Immunology Division. Study subjects 
were adult allergic asthma patients (19–59 years 
old), who were invited for serum total IgE testing. 
Patients were excluded if they were undergoing 
immunotherapy or had serum total IgE levels less 
than 10 IU/ml. An oral and a written informed 
consent were obtained from each patient. Ethical 
approval was granted by the Ethical Committee 
of Medical Research, Faculty of Medicine, 
Universitas Indonesia with Letter No. 53/UN2.
F1/ETIK/2017.

Assessment of asthma severity
 Instead of using the Global Initiative 
for Asthma (GINA) criteria, this study used the 
2007 National Institutes of Health (NIH) criteria 
as described in this paragraph. GINA classifies 
asthma as mild, moderate, and severe while 
NIH classifies it as intermittent and persistent. 
Despite having different terminologies, the two 
classifications are basically similar.

 Every subject went through these 
steps: history taking, physical examination, 
spirometry test, skin prick test, serum total IgE 
test, and asthma severity classification based 
on the 2007 NIH. The data collected from each 
subject were then processed and analyzed. 
Intermittent asthma is defined as a degree of 
asthma where the symptoms occur <2 days 
per week; nocturnal asthma occurs <2 days 
per month; the use of β-2 agonist to relieve 
the symptoms is <2 times per week, with no 
limitation of normal activities; the lung function 
predicted forced expiratory volume in 1 second 
(FEV1) >80% and normal FEV1/forced vital 
capacity (FVC). Persistent asthma is defined as 
an asthma degree where the symptoms occur 
>2 days per week but not daily; nocturnal 
asthma occurs <3–4 times a month; the use 
of β2 agonist to control symptoms is >2 times 
per week, but it is not used daily, and it is not 
used more than twice a day; minor limitation in 
normal activities; lung function predicted FEV1 
>80% and normal FEV1/FVC.

Serum Total IgE Measurement
 Serum total IgE was measured using a 
commercial kit (Polycheck® Allergy, Biocheck 
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GmbH, Münster, Germany) and was performed 
according to the protocol provided by the 
manufacturer. Serum from the patient’s vein 
blood was added by a start solution, followed 
by incubation, washing, and anti-IgE treatment. 
Then, enzyme conjugate and luminescence 
reagents were added. The result was read using 
Biocheck Image Software. The results were 
expressed in International Units (IU/ml). The 
limit of detection was 0.15 IU/ml.

Statistical analysis
 Demographic and clinical profile of the 
study subjects was presented descriptively. The 
mean serum total IgE levels were compared 
between intermittent and persistent asthmas 

using a Mann-Whitney U test. A p-value of less 
than 0.05 was considered significant. Analyses 
were performed using the Statistical Product 
and Service Solutions (SPSS Inc., Chicago, Illinois, 
USA) version 17.0 for Windows PC.

RESULTS

 A total of 60 patients were enrolled, with 
80% of them being women. Patients’ mean age 
was 39.2 (12.3) years old. Most patients had 
both asthma and allergic rhinitis. There were 
11 (18.3%) patients with intermittent asthma 
and 49 (81.7%) patients with persistent asthma. 
Other characteristics are shown in Table 1.

Table 1. Characteristics of the study subjects and their clinical comparisons (n=60)

Characteristics Total (n=60) Intermittent (n=11) Persistent (n=49) p-value*
Gender, n (%)
      Male 12 (20.0) 2 (18.2) 10 (20.4) 1.000
      Female 48 (80.0) 9 (81.8) 39 (79.6)
Age (years), mean (SD) 39.2 (12.3) 36.8 (12.2) 39.8 (12.4)
Family history of asthma, n (%)
      Yes 43 (71.7) 7 (63,6) 36 (73.5) 0.088
      No 17 (28.3) 4 (36,4) 13 (26.5)
Diagnosis, n (%)
      Asthma 20 (33.3) 4 (36.4) 16 (32.7) 1.000
      Asthma and allergic rhinitis 40 (66.7) 7 (63.6) 33 (67.3)
Persistence, n (%)
      Mild 4 (8.2) NA
      Moderate 22 (44.9)
      Severe 23 (46.9)
ACT score, mean (SD) 18.4 (5.6) 21.1 (4.5) 17.7 (5.6)
ACT score group, n (%)
      Well controlled 11 (18.3) 3 (27.3) 8 (16.3) 0.119
      Not well controlled 16 (26.7) 5 (45.4) 11 (22.4)
      Uncontrolled 33 (55.0) 3 (27.3) 30 (61.2)
Corticosteroid use, n (%)
      <2 days/ week 3 (5.0) 3 (27.3) 0 (0) NA†

      ≥2 days/ week 5 (8.3) 3 (27.3) 2 (4.0)
      1x/ day 25 (41.7) 3 (27.3) 22 (44.9)
      >1x/ day 27 (45.0) 2 (18.2) 24 (51.0)
FEV1/FVC, mean (SD) 90.7 (9.51) 95.3 (5.6) 89.7 (9.9) 0.008‡

FEV1%, mean (SD) 66.3 (19.4) 84.5 (7.6) 62.2 (18.9) <0.001‡

Total IgE (IU/ml) [median (min-max)] 16 (10–52) 37 (11–101)§ 0.004‡

*Fisher’s exact test; †cannot be calculated due to the presence of zero value; ‡Mann-Whitney U test; §the limit of detection was 100 
IU/ml, values greater than 100 IU/ml was entered as 101 IU/ml. ACT=asthma control test; FEV1=forced expiratory volume in 1 
second, FVC=forced vital capacity; SD=standard deviation

Medical Journal of Indonesia



282
Med J Indones

Vol. 27, No. 4, December 2018

http://mji.ui.ac.id

 The mean total serum IgE levels in all 
subjects were 42.35 (32.7) IU/ml. Due to skewed 
data, comparison test was performed using the 
median values and their intervals. Patients with 
intermittent and persistent asthmas only showed 
significant difference in their lung function 
test. The median difference of serum IgE levels 
between intermittent and persistent asthmas was 
statistically significant (Table 1).

DISCUSSION

 This study aimed to evaluate the serum total 
IgE levels among adult patients with intermittent 
and persistent allergic asthmas to explore the role 
of exposure and sensitization to allergens in the 
disease severity. The median difference of serum 
IgE levels between intermittent and persistent 
asthmas was statistically significant. IgE level 
is related to the degree of exposure and disease 
severity.10 The higher total IgE levels in persistent 
asthma compared to intermittent asthma showed 
an indication that the environmental control 
is an important factor in treating the diseases. 
Failure to control the environment results in 
higher exposure to allergens and persistent 
asthma. Measuring total IgE levels might act as 
a biomarker to determine whether efforts to 
control the environment of suspected allergens 
was sufficient or need to be reevaluated. In this 
study, the mean total IgE level was 42.36 IU/
ml, while other studies showed higher results. 
The study in the US found that the mean total 
IgE among asthmatic patients was 85.2 IU/ml 
(95% confidence interval [CI]=80.5–90.1 IU/ml), 
while a study in Spain had much higher value, i.e. 
425+624 IU/ml.11 Higher mean serum IgE levels 
were also shown in India (700 IU/ml),12 Korea 
(676.1 IU/ml),13 and Oman (468 IU/ml).14

 The low total IgE levels in this study 
might have been caused by the use of inhalant 
corticosteroid; most of our study subjects 
(86.7%) used this medication at least once a 
day. Corticosteroid inhalation was chosen as 
a treatment in asthma management due to its 
ability to suppress inflammatory reaction thereby 
reducing asthma symptoms and prevents acute 
exacerbation.9 A double-blind study concluded 
that the administration of beclomethasone 
dipropionate at 800 mg per day for 3 months 
could have significantly reduced total IgE levels 

and also improved asthma symptoms. Total IgE 
levels decreased 2 weeks after corticosteroid 
treatment.9 Another possibility that might have 
caused low total IgE levels was a phenotype 
called neutrophilic asthma. This phenotype was 
characterized by eosinophil count of less than 
0.5x10⁹/l, serum total IgE total less than 750 
kIU/l, and neutrophil count more than 2.7x10⁹/l.15 
Neutrophilic asthma did not have pathologic 
thickening of subepithelial basal membrane, had 
more severe clinical symptoms, and tended to be 
steroid-resistant.16 It is estimated that 25–50% 
asthma cases are neutrophilic.17

 A study in China involving 3,721 subjects 
with allergic disease showed that 11.1% had 
normal total serum IgE levels despite positive 
specific IgE.18 The characteristic of the atopic 
condition is the detection of at least one specific 
IgE examination. This finding suggested that 
total IgE alone is not sufficient to support allergy 
diagnosis. Specific IgE should also be checked 
since it has higher specificity. When total IgE 
levels increase and specific IgE is positive, the 
diagnosis of allergic disease is more convincing.

 Interpretation of serum total IgE levels in 
asthmatic patients must be carried out carefully. 
IgE response can also occur in non-allergic 
diseases such as helminthiasis, autoimmune 
diseases, actinic prurigo, and hyper-IgE 
syndrome.19 Normal serum total IgE levels do not 
exclude the diagnosis of asthma. Serum IgE have 
short half-life and very low level compared to 
other immunoglobulins. However, its biological 
activity is very high because it has strong affinity 
to the receptors on mast cell or basophils. 
Therefore, the level of total IgE in the serum does 
not always reflect the real activity.20

 Total IgE levels in this study were 
significantly higher in patients with persistent 
asthma than those with intermittent asthma. 
Increasing total IgE levels were also reported 
among Thai patients in parallel with increasing 
asthma severity, from intermittent asthma 
(785.2±5.1 IU/ml), moderate persistent asthma 
(955.6±4.6 IU/ml), to severe persistent asthma 
(989.4±4.2 IU/ml).21 A study found that total IgE 
serum in asthmatic patients was significantly 
higher than non-asthmatic control (151.95 IU/
ml vs. 756.26 IU/ml); more severe asthma was 
associated with higher total IgE levels.12 Another 
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study in Spain showed that the proportion of 
subjects with more severe asthma and total serum 
IgE >400 IU/ml was higher than subjects with 
milder asthma.22 All these findings suggested that 
serum total IgE levels increased proportionally in 
patients with more severe airway obstruction.

 This study had a limitation that the 
subjects have been diagnosed long prior to the 
study and have been treated with corticosteroids. 
Data on corticosteroid used was not assessed 
and possibly had interfered the total serum 
IgE measurement. However, despite the high 
corticosteroid used, total IgE levels showed 
significant difference between persistent asthma 
and intermittent asthma.

 In conclusion, serum total IgE levels in 
this study were higher in patients with persistent 
asthma than in patients with intermittent asthma. 
Higher IgE level was consistent with more severe 
inflammatory symptoms.
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ABSTRACT

Background: Obesity with knee osteoarthritis (OA) is related to chronic pain causing physical inactivity that leads to decreased 
cardiorespiratory endurance and quality of life. Aquatic and land-based exercises are effective in improving physical activity. The 
aim of this study is to compare between aquatic and land-based exercise to improve cardiorespiratory endurance and quality of 
life in obese patients with knee osteoarthritis.

Methods: A single-blind, randomized, controlled trial was conducted on thirty-three obese patients with knee OA who visited 
Obesity Clinic of Medical Rehabilitation Cipto Mangunkusumo Hospital, from October 2016 to January 2017, subjects were divided 
into aquatic or land-based exercise group. Aerobic and knee-strengthening exercises were given. Cardiorespiratory endurance 
was assessed using the Borg Scale, whereas both the BORG CR-10 and SF-36 questionnaires were used to assess quality of life.

Results: After intervention, there were significant improvements in the land-based exercise group in the rating of perceived 
exertion (p=0.02), role limitations due to physical health (p=0.024), role limitations due to emotional problems (p=0.041), 
energy/fatigue (p=0.016), and the decline in pain (p=0.049) parameters. While in the aquatic exercise, there were significant 
improvements in leg fatigue (p=0.016), energy/fatigue (p=0.025), emotional well-being (p<0.001), and general health (p=0.045) 
parameters. Despite this, there were no significant differences between two groups regarding cardiorespiratory endurance and 
quality of life.

Conclusion: This study found that patients could start aquatic exercise to reduce leg fatigue and enhance general health and 
energy. After that, exercise could be continued in land-based settings to improve cardiorespiratory endurance and quality of life.
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 The prevalence of obesity has increased 
dramatically around the world. It is estimated that 
the prevalence of obesity in 2025 will increase 
to 50% in developed countries.1 Riset kesehatan 
dasar (RISKESDAS) 2013 showed percentage of 
the population in Indonesia with obesity continues 
to increase from year to year. DKI Jakarta is one 
of the provinces with higher prevalence than 
the national prevalence.2 Data from the Obesity 
Outpatient Clinic of Medical Rehabilitation 
Department in Cipto Mangunkusumo Hospital 
showed an increase in the number of visitors 
from 1,484 in 2013 to 1,633 in 2015.

 The risk of osteoarthritis (OA) is increased 
in obese people caused by weight load and 
associated with the activation of an inflammatory 
pathway, which leads to synovial pathology.1 The 
Framingham study showed that weight loss is 
associated with decreased risk of both onset and 
progression of OA. This finding means that in 
women, a reduction of body weight by 10 pounds 
(±5 kg) over ten years would lower the risk of 
symptomatic knee OA by more than 50%.3

 Exercise as an obesity management 
strategy has been shown to be beneficial for 
weight loss.4 Walking, running, or cycling in the 
land-based is common modes of the exercise 
programs which have negative problems 
such as increased muscle pain and risk of 
musculoskeletal injuries due to accumulated 
stress on lower-joint extremities, which reduces 
adherence to exercise training.5,6 Aquatic exercise 
can involve whole-body movements which forces 
increases heart rate and energy expenditure 
because water is a comparatively high-density 
medium (12 times more resistant than air).6 

Aquatic exercise has also been shown to support 
body weight to produce less musculoskeletal 
stress. Buoyancy and the hydrostatic pressure 
of water can be both beneficial and enjoyable 
for clinical or obese populations. Furthermore, 
because of water’s higher specific heat and 
thermoregulatory characteristics, permitting 
training intensity or duration to progress at a 
greater rate than with land-based exercises. 
This suggests that aquatic exercise might be 
perceived as comparatively less strenuous and 
might serve as an ideal method to improve the 
functional health status and reduce body weight 
of obese individuals or for elderly population 
who has age-related degenerative changes.6–8

 Based on the information above, we 
were encouraged to conduct a study on exercise 
programs for cardiorespiratory endurance and 
quality of life in obese patients with knee OA as 
the study has never been done before, especially in 
Indonesia. The aim was to observe whether there 
is a difference in cardiorespiratory endurance 
and quality of life improvement in patients who 
were given aquatic exercise compared with those 
who received land-based exercise.

METHODS

 In this study, a single-blind, randomized, 
controlled trial was used in obese patients with 
knee OA who visited the Obesity Outpatient 
Clinic and Musculoskeletal Division of the 
Medical Rehabilitation Department of Cipto 
Mangunkusumo Hospital from October 2016 to 
January 2017.

Subjects
 The sample size was estimated based on 
previous studies (pilot study) calculating using 
a formula for a difference of cardiorespiratory 
endurance and quality of life between two 
independent groups. This calculation obtained a 
minimum of sample size should be 24 subjects for 
each group. However, based on our calculations, we 
sum up to 57 subjects to deal with dropout effects. 
Samples were obtained by consecutive sampling.

 The inclusion criteria in this study 
were: 1.) men and women aged 40–80 years, 2.) 
height 145–170 cm, 3.) obese people (grade I if 
body mass index (BMI)>25 kg/m2 but <30 kg/
m2, grade II if BMI >30 kg/m2) with knee OA 
grades 2 and 3 based on the Kellgren-Lawrence 
grading scale, 4.) pain intensity visual analog 
scale (VAS) 4–6, and 5.) sedentary lifestyle 
(physical activity level between 1.4 and 1.69). 
We excluded patients with visual and hearing 
impairment, cognitive impairment (mini mental 
state exam ≤23), and any musculoskeletal (joint 
deformity), neuromuscular, metabolic, and 
cardiopulmonary disease that would interfere 
the intervention. The use of lower extremity 
orthoses and those with contraindications to 
hydrotherapy (such as skin disease, infectious 
disease, fever, uncontrolled blood pressure, and 
seizure history, tracheostomy, stoma, urine, and 
fecal incontinence) were also excluded.
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 All subjects who agreed to the intervention 
were informed about study procedure, it risks and 
side effects and gave written informed consent. 
Participants were considered dropouts when 
they missed three consecutive exercise sessions 
in one week, had worsening clinical conditions, 
and withdrew from the research.

Randomization
 Before the start of the study, lists of 
subjects were randomized using a simple 
random sampling method, in which selection 
was made randomly using a computer. Subjects 
were divided into two groups, aquatic exercise 
and land-based exercise.

Aquatic exercise and land-based exercise
 Aerobic and strengthening exercises 
were given as interventions in this study. In land-
based exercise, aerobic exercise was performed 
using a static bicycle where the patient cycled at 
50 rotation per minute (RPM) and load KP 0 for 
15 minutes for week I, 30 minutes for week II, 45 
minutes for weeks III-IV, and 60 minutes for week 
V. Load was increased to 1 KP for 15 minutes for 
week VI, 30 minutes for week VII, and 45 minutes 
for week VIII. For strengthening exercises, the 
load was increased according to the exercise test 
results (50% for ten maximum repetitions), for 
five repetitions, hold for 6 seconds, in three sets 
for each muscle. In the aquatic exercise group, 
the intervention was done in a 3m x 3m x 1.2 
m pool with 32°C water. Ankle bands, which 
were used in the intervention, were accessories 
from the pool and has been standardized. Since 
there was no adjustment in height for subjects, 
we assumed their height in the water was 
similar, approximately at the level of the xiphoid 
process. Aerobic exercise was done by making 
a quick movement in four directions (forward, 
backward, left, and right) in one repetition 
in week I, two repetitions in week II, three 
repetitions in weeks III and IV, four repetitions 
in weeks V and VI, and five repetitions in weeks 
VII and VIII. Strengthening exercise was done 
using ankle weights in three sets for each muscle 
for six repetitions, hold for 6 seconds in weeks 
I–IV, then increasing repetitions by ten in weeks 
V–VIII. Training was performed by a certified 
physiotherapist who guided the exercise.

 Cardiorespiratory endurance was 
assessed before and after exercise 3 times per 

week for eight weeks. We used the Borg scale and 
the Borg CR-10 scale, which consisted of rating 
perceived exertion (RPE), Borg scale dyspnea 
index (BSDI), and leg fatigue (LF) parameters. 
Stress testing was done to assess cardiorespiratory 
endurance using the Astrand Test 3 times (before 
the intervention, after four weeks of intervention, 
and after the last intervention). For quality of life 
assessment, The Short Form 36 Health Survey 
Questionnaire (the SF-36) was used. The SF-
36 consists of 36 questions that represent the 
following eight domains: physical function (PF), 
role limitations due to physical health (RLPH), 
role limitations due to emotional problems 
(RLEP), energy fatigue (EF), emotional well-being 
(EWB), social functioning (SF), pain, and general 
health (GH).

Ethics
 The Research Ethics Committee of the 
Faculty of Medicine, Universitas Indonesia–Cipto 
Mangunkusumo Hospital has approved the study 
protocol (803/UN2.F1/ETIK/X/2016).

Statistical analysis
 In this study, data were analyzed using 
Statistical Product and Service Solutions (SPSS) 
version 20.0 (IBM Corp., New York, USA) with an 
independent t-test, Wilcoxon, and Mann-Whitney 
tests, if necessary.

RESULTS

 Of the 41 participants, 33 individuals 
completed this study. The calculated sample 
size was not achieved because six subjects did 
not complete the exercise and two subjects 
discontinued (Figure 1). The reasons were 
unexpected events such as a traumatic event 
independent of the intervention, a subject 
returned to her hometown, and hospitalization 
because of disease unrelated to the intervention. 
Demographic data and characteristics of study 
subjects are similar to each group (Table 1).

 The results of this study showed there 
were no statistically significant differences in 
cardiorespiratory endurance improvement 
between the aquatic exercise group and the 
land-based exercise group. The assessment 
of cardiorespiratory endurance in land-based 
exercise after eight weeks of intervention using 
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Figure 1. Flowchart of the study protocol

the Borg scale showed a significant increase in 
the RPE parameter (p=0.02), rather than in BSDI 
(p=0.719) and LF (p=0.427). There was also an 
increase in cardiorespiratory endurance in the LF 
parameter (p=0.016) rather than in rating RPE 
(p=0.383) and BSDI (p=0.391) after intervention 
in the aquatic exercise group. However, when 
both interventions were compared, there were 
no significant differences in RPE (p=0.770), BSDI 
(p=0.877), and LF (p=0.274).

 Quality of life assessment using the SF-36 
form showed a statistically significant improvement 
in the land-based exercise group after eight weeks. 
Improvements are shown in the RLPH (p=0.024), 
RLEP (p=0.041), and EF (p=0.016) domains, but 
there was a decrement in the pain (p=0.049) 
domain (Table 2). In the aquatic exercise group, 
there were improvements in EF (p=0.025), EWB 
(p<0.001), and GH (p=0.045) domains (Table 2). In 

comparison, there were no statistically significant 
differences in quality of life improvement between 
the aquatic exercise group and the land-based 
exercise group in each domain (Table 2).

DISCUSSION

 Knee OA is a major cause of arthritis-
related disability, limiting daily activities not 
only reduces the quality of life for individuals.9 
Strengthening exercise can both increase muscle 
strength and maintain muscle mass, while aerobic 
exercise is aimed at relieving pain and improving 
knee function. Both exercises can reduce pain, 
improve physical performance, and prevent 
disability.9,10

 When prescribing effective exercises, 
cardiorespiratory endurance measurements 
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Table 1. Baseline characteristics of participants in both 
study groups

SD=standard deviation; OA= osteoarthritis

Characteristics

Aquatic 
exercise
n (%) or 

mean (SD)
(n=15)

Land-based 
exercise
n (%) or 

mean (SD)
(n=18)

Age (years) 61 (42.72) 64.5 (48.74)
Body weight (kg) 68 (57.86) 69.5 (55.11)

Waist circumference
(cm) 93 (75.10) 96.5 (76.11)

Occupation
      Housewife 15 (100.00) 14 (77.78)
      Employee 0 (0) 4 (22.22)
Education
      High school 9 (60.00) 5 (27.70)
      Diploma 3 (20.00) 3 (16.67)
      Graduate 3 (20.00) 10 (55.56)
Comorbid condition
      Hypertension 11 (73.30) 14 (77.80)
      Dyslipidemia 5 (33.30) 6 (33.30)
      Diabetes mellitus 1 (6.7) 2 (11.10)
      Metabolic syndrome 5 (33.3) 5 (27.80)
Onset of knee OA (years) 3.3 (0.70) 2.6 (0.4)
Onset of obesity (years) 12 (2.40) 11.9 (1.90)
Nutritional status
      Obesity I 7 (46.70) 6 (33.30)
      Obesity II 8 (53.30) 12 (66.70)

are required. Measurement of cardiorespiratory 
endurance can be observed objectively from 
maximal oxygen consumption (VO2 max). VO2 max 
is measured in millimeters of oxygen used in one 
minute per kilogram of body weight (ml/kg/min). 
It is establish the maximum amount of oxygen a 
person can utilize during exercise. The Borg scale 
(RPE) correlates with actual heart rate during 
physical activity; thus, it could measure VO2 max. 
RPE on sensations felt during physical activity, 
takes into account personal physical fitness level 
and general fatigue levels.11 In addition to RPE, 
breathlessness and leg fatigue are considered 
influential to determine energy expenditure. To 
accommodate the condition (such as patient with 
muscle fatigue which contributes substantially 
to the limited exercise capacity, etc), this study 
utilizes the Borg CR-10 scale, which consists of 
dyspnea (BSDI) and leg fatigue components, as a 

modification of the Borg scale. Breathlessness is 
not a simple one-dimensional symptom; it consists 
of both sensory and affective aspects, such as effort 
and speed exercise. In fact, breathlessness is one 
of the factors that cause a person to stop doing 
an exercise.12 Leg fatigue, on the other hand, is 
related to heart rate, blood lactate concentration, 
and respiratory rate.13 The Borg scale can also be 
used to assess cardiorespiratory endurance.12

Effects of aquatic exercise and land-based 
ex ercise on cardiorespiratory endurance in 
obese patients with knee osteoarthritis
 In this study, there were no statistically 
significant differences in cardiorespiratory 
endurance improvement between the aquatic 
exercise group and the land-based exercise group 
in each domain. Similar with many recent studies, 
for example Lieber et al14 compared the effects 
of an 11.5-weeks running or swimming program 
for men who trained three times/week at an HR 
intensity of 75% of VO2 max, and no significant 
difference in the VO2 max was found between 
running and swimming groups.14 Wilber et al15 

compared the effects of 6-weeks deep water 
running to treadmill running at similar intensities 
(90–100% and 70–75% VO2 max) on VO2 max 
and no significant differences were observed 
between programs.15 Taunton et al16 evaluated the 
effectiveness of a generalized water-based exercise 
program compared to a land-based exercise 
program on cardiorespiratory fitness of women 
aged 65–75 years. At the end of the programs, no 
significant differences in cardiorespiratory fitness 
were observed between land-based exercise and 
water-based exercise groups.16

 Meanwhile, the results of this study are 
different from those of Bocalini et al17 in which 
aquatic exercise was found to further enhances 
cardiorespiratory endurance than land-based 
exercise. Fifty healthy sedentary women were 
randomly assigned to aquatic exercise and land-
based exercise. The two groups were exercised 
for 12 weeks the aquatic exercise and land-based 
exercise increased VO2 max by 42% (before, 20±3; 
after, 35±3 ml/kg per min) and 32% (before, 19±4; 
after, 28±2 ml/kg per min).17 The differences with 
our study might be due to type and duration of 
the intervention. In the study of Bocalini et al,17 
intervention in the aquatic exercise group was 
a variation of resistance exercise. Whereas in 
the land-based exercise group, subjects only 
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SF-36
Aquatic exercise Land-based exercise p-value 

between 
groupPre* Post* p value Pre* Post* p-value

Physical function 
(PF) 50 (15,85) 50 (15,80) 0.523 60 (15,100) 75 (25,100) 0.06 0.324

Role limitations 
due to physical 
health (RLPH)

50 (0,100) 62.5 (0,100) 0.385 62.5 (0,100) 100 (0,100) 0.024 0.229

Role limitations 
due to emotional 
problems (RLEP)

100 (0,100) 100 (0,100) 0.226 100 (0,100) 100 (33.3,100) 0.041 0.062†

Energy/fatigue 
(EF) 65 (50,80) 75 (50,90) 0.025 65 (39,90) 72.5 (50,100) 0.016 0.593

Emotional well-
being (EWB) 68 (52,96) 88 (72,100) <0.001 82 (56,100) 86 (64,100) 0.140 0.058

Social function 
(SF) 87.5 (62.5,100) 75 (50,100) 0.440 87.5 (35.5,100) 100 (50,100) 0.180 0.093†

Pain 57.5 (32.5,77.5) 57.5 (32.5,100) 0.936 57.5 (32.5,70) 67.5 (20,100) 0.049 0.062†

General health 
(GH) 60 (20,75) 65 (40,75) 0.045 65.5 (25,80) 70 (30,85) 0.119 0.613

Table 2. Quality of life comparison between the aquatic exercise group and the land-based exercise group

*Data are presented in median (min,max); †Mann-Whitney test

performed walking exercises. This difference 
could cause an imbalance in the results.17

 This study showed that there was 
a significant potential of aquatic and land-
based exercise in improving cardiorespiratory 
endurance, although each other improved in 
different parameters. There was an increase in 
cardiorespiratory endurance as indicated by the 
RPE parameter in the land-based exercise group. 
These findings were similar to those of Larose et 
al10 who reported that aerobic exercise on land 
could improve cardiorespiratory endurance in 
obese patients with knee OA. Cardiorespiratory 
endurance was measured by VO2 peak and 
improved in both female walkers (4%; p<0.001) 
and male walkers (5%; p<0.001). The prescribed 
intervention was supervised walking exercise by 
trained medical personnel three times per week 
for six months.10

 For the aquatic exercise group, there was a 
significant increase in the LF parameter compared 
with the other two parameters. This result is 
different with Wouters et al18 who reported no 
significant difference on the Borg CR-10 after 

administering aquatic exercise (p=0.11). Aquatic 
exercise consists of heating, running while in the 
water, and cooling down accompanied by music 
stimulation during the program. It comprises 
12 one-hour sessions, twice per week for six 
weeks.18 The differences between the results 
were due to type and duration of the intervention. 
In the Wouters et al,18 intervention in the aquatic 
exercise group subjects only performed walking 
exercises for six weeks meanwhile in this study 
we have used ankle weights for eight weeks.

 This study showed that aquatic exercise 
could reduce muscle fatigue. Aquatic exercise 
has been reduced weight-bearing stresses on the 
skeletal joints and to provide therapeutic benefits 
in conditions of orthopedic troubles. Also, another 
potential to improve cardiovascular fitness given 
that water has 700 times the density of air. This 
promotes an increase of energy expenditure for 
work done, and a reduction of the impact on the 
joints and partial weight support is provided by 
the buoyancy of water.17

 The warm environment of water and 
hydrostatic pressure can reduce edema, the 
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burden of painful joints, and also decrease 
muscle spasms, leading to muscle relaxation. 
It was also mentioned that warm temperature 
could decrease the activity of creatine kinase in 
the blood, which is associated with muscle fatigue 
as well as muscle damage caused by exercise.8,19 

Under warm conditions, blood flow to muscles 
will increase, and there will be a reduction of 
mediator molecules that activate nociceptors, 
resulting in reduction of pain, and inducing 
muscle relaxation.20

 Local muscle fatigue and central dyspnea 
are considered the two most important factors in 
healthy people in addition to perceived exertion. A 
strong relationship exists between RPE and both 
factors that can be illustrated with improved work 
function. They can cause a cessation of physical 
exercise when a person passes a tolerable level.12

 Our studies indicate that both aquatic 
exercise and land-based exercise have advantages. 
The buoyancy effect and warm water immersion 
during exercise could increase heat shock proteins 
that could protect muscles from damage due 
to exercise.17 Land-based exercise can increase 
muscle strength, therefore, it could improve knee 
function in knee OA patients. Increasing the level 
of physical activity in knee OA patients is the only 
way to improve cardiorespiratory endurance and 
functional status.10

 Based from the results, it would be 
beneficial if obese patients with knee OA who 
had subacute pain (VAS ranging 4-6) taking 
exercise under lukewarm water environment 
for the beginning to avoid leg fatigue and help 
relax muscle and reduce pain.11 Then after there 
are body adaptation to exercise and stronger 
muscles, the patients could be encouraged to have 
land-based exercise session as it would improve 
cardiorespiratory endurance.

Effects of aquatic exercise and land-based 
exercise on quality of life in obese patients 
with knee osteoarthritis
 This study showed that aquatic and 
land-based exercise could also improve quality 
of life obese patients with knee osteoarthritis. In 
this study, there were no significant differences 
between aquatic exercise and land-based 
exercise, as another study conducted by Lim 
et al21 had the same results. SF-36 was used in 

this study because it has already widely used 
and easily self-administered in physical activity 
research. SF-36 is commonly used to provide 
an indication of the health status of particular 
populations, to help with service planning and to 
measure the impact (in terms of health gains) of 
clinical and social interventions. The SF-36 is a 
36 item scale, which measures eight domains of 
health status: physical functioning, physical role 
limitations, emotional role limitations, energy/
fatigue, emotional well-being, social functioning, 
pain, and general health.22

 In this study, there was no significant 
difference between the aquatic exercise group and 
the land-based exercise group in all domains. Lim 
et al21 reported that an increase in compliance in 
aquatic exercise might reduce joint pressure and 
heavy feeling during movement in water, decrease 
the sweating effect, reduce stiffness because 
of the warm temperature of the water, reduce 
pain, and improve functioning compared with 
analogous parameters in land-based exercise.21 
Suomi et al23 also reported that, in patients with 
arthritis, both aquatic and land-based exercise 
have a positive effect on activity of daily living 
and physical function after 8 weeks, but found no 
significant difference between the 2 programs.23

 In land-based exercise group, there were 
quality of life improvements in the RLEP, RLPH, 
and EF domains accompanied by a decrease 
in the pain domain. These results were similar 
those stated in Kao et al24 study. In 2012, Kao et 
al24 conducted a study in 205 knee OA patients 
who were divided into two groups: a land-
based exercise group and a control group for 
eight weeks. The differences between this study 
compared to Kao et al24 are we used strengthening 
and aerobic exercise while they focused on lower 
limb stretching and strengthening.

 Obese patients with knee OA often avoid 
physical activities due to pain and frailty. As 
aerobic exercise improve biomechanical gait, 
maintaining body weight, improve balance and 
reduce disability and pain, patients could do 
daily activities feasibly. Due to sarcopenia and 
associated muscle weakness which is often found 
in this population, strengthening exercise has been 
proven to improve function, strength and pain in 
knee OA condition. Thus, combination of these 
exercises might improve limitations that affects 
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this population.4 As the subjects were given aerobic 
and strengthening exercise, they tend to have less 
depressive symptoms and gain confidence. Recent 
studies showed that aerobic exercise changed gene 
expressions in locus coeruleus and dorsal raphe 
nucleus to make people more resilience dealing 
with stress and depression.9

 Beside the benefits of land-based exercise, 
aquatic exercise could also increase quality of life 
in obese patients with knee OA, especially mental 
component. In this study, there were significant 
improvements in energy/fatigue, emotional well-
being (mental component summary), and general 
health (physical component summary) domains. 
In 2010, Lim et al21 conducted a study in 75 obese 
patients with knee OA. Subjects were divided into 
three groups, the aquatic exercise group, the land-
based exercise group, and the control group. There 
were significant improvements in the mental 
component summary and the physical component 
summary of the SF-36. Because obese patients with 
knee OA may experience both pain and discomfort 
during exercise, it is important for practitioners 
to develop exercise therapies that could help to 
reduce pain during exercise.25 Physical exercise 
in water is a possibility to try to increase physical 
and mental health of obese persons without the 
risk of injuries.18 It has been reported that aquatic 
exercise effects not only weight reduction and 
muscle strengthening, but also pain relief; and its 
effect extends to enhancing the quality of life.21 This 
could be good evidence for applying an exercise 
program to patients who need to do exercise but 
fail to comply because of increased pain.21 After 
the aquatic exercise, the health-related quality of 
life scores of participants showed an improvement 
in public distress and in the scales that normally 
deviate most from normal weight people: physical 
function and self-esteem.18 Furthermore, Nagle et 
al6 have investigated in forty-four obese patients 
undergoing 16-weeks intervention shown the 
aquatic exercise group had slightly greater non-
significant improvements on four out of seven 
SF-36 domains (role physical, bodily pain, general 
health, and social functioning) than the land-based 
group. The proposed mechanism underlying 
this response is an increased sensory input and 
muscle relaxation from the hydrodynamic and 
thermoregulatory properties of water. As a result 
of this increased physical and mental stimulation, it 
has been suggested that aquatic exercise distracts 
individuals from pain sensation.

 A limitation of this study was that the 
sample size of this study in small population, 
however, was used randomized controlled 
trial. Other limitations are there is no follow-up 
procedure was performed to observe the after-
effects of exercise.

 In conclusion, for the clinical settings 
it can be recommended that obese patients 
with knee OA with subacute pain start aquatic 
exercise due to the buoyancy and lukewarm 
water environment effect to reduce leg fatigue 
and to prevent injury due to accumulated stress 
on knee joint for improving cardiorespiratory 
fitness and enhanced general health, mental 
health and energy to consider altering the 
model of the exercise. After that exercise could 
be continued in land-based settings to improve 
RPE, RLPH, RLEP and decreased pain, which is 
important to improve knee OA conditions. This 
method has been done as a service protocol in the 
Obesity Outpatient Clinic Medical Rehabilitation 
Department of Cipto Mangunkusumo Hospital.
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ABSTRACT

Background: Soil-transmitted helminths (STH) infections lead to nutritional disorder and anemia among children. Albendazole 
400 mg is used to control STH, although it has a low cure rate for Trichuris trichiura. The effectiveness of albendazole could be 
increased by giving a dose of 400 mg for 3 consecutive days. The aim of the study was to investigate the effectiveness of the triple-
dose albendazole 400 mg course in decreasing STH and anemia prevalence.

Methods: This study used an experimental comparative design conducted in July 2016 and January 2017 in Perobatang Village, 
Southwest Sumba, Indonesia. Children aged 1–15 years were asked to collect fecal samples to be examined using a Kato-Katz 
method. Hemoglobin level (Hb) was tested using a rapid test diagnostic strip. STH positive subjects were given 400 mg of 
albendazole for 3 days witnessed by the researchers. Six months after, the stool samples and Hb levels were re-examined (post-
test).

Results: From the 156 subjects examined (pretest), the prevalence of Ascaris lumbricoides, Trichuris trichiura, and hookworm were 
65.4%, 55.8%, and 15.4%, respectively, and the prevalence of anemia was 71.2%. On post-test, the prevalence of A. lumbricoides, 
T. trichiura, and hookworm decreased to 8.3%, 12.8%, and 0%, respectively, and the prevalence of anemia decreased to 25%. 
There was a significant difference in the prevalence of STH infection and anemia before and after the administration of triple-dose 
albendazole (p=0.001).

Conclusion: The triple-dose albendazole is effective in reducing the prevalence of STH and anemia in children with STH infection.
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 Soil-transmitted helminths (STH) 
infections can lead to nutritional disorder and 
anemia in children. The most frequent types of STH 
are Ascaris lumbricoides, Trichuris trichiura, and 
hookworm (Necator americanus and Ancylostoma 
duodenale). A. lumbricoides absorbs nutrients 
from the host, while T. trichiura and hookworms 
feed on the host’s blood that could lead to anemia, 
especially in severe infection. Mild anemia could 
lead to weakness and activity disruption, whereas 
moderate and severe anemia could interfere with 
the growth and development of children and 
result in premature births for pregnant women 
and low birth weight of neonates.1,2

 The World Health Organization (WHO)3 
recommendation to control STH infections is 
a single-dose albendazole 400 mg. The drug 
has a broad-spectrum effect; therefore, it could 
control any type of STH infections. Nevertheless, 
the treatment of albendazole 400 mg single dose 
has a low cure rate for T. trichiura (34%).2 But 
the cure rate of albendazole could be increased 
by giving a dose of 400 mg for 3 consecutive 
days; however, its effectiveness is influenced by 
various factors such as infection level and food 
consumption. A high infection level may reduce 
the bioavailability of an anthelmintic, and a 
high number of immature stages may be less 
sensitive to anthelmintics.1,2 Foods that contain 
fat will increase the absorption of albendazole, 
which will affect the concentration of the drug in 
the blood.

 Perobatang Village, Southwest Sumba 
District (SSD), East Nusa Tenggara, Indonesia, is 
a remote area with a tropical climate. It suffers 
from difficulties including a lack of clean water, 
poverty, and low and poor education. The area 
has clay soil and a loose ground structure that are 
suitable for the development of infective larvae. 
Because of these factors, the infection rate of 
STH in this area is high. People mainly work as 
farmers and the children play on the ground, 
which increase the risk of STH infection.3,4 The 
daily consumption of Sumba people is mainly 
carbohydrates, and they very rarely consume 
fat; low-fat consumption can affect albendazole 
absorption. Hence, it is necessary to investigate 
the effectiveness of the triple-dose albendazole 
400 mg treatment regime in decreasing STH and 
anemia prevalence in children in Perobatang 
Village, SSD.

METHODS

 This study used an experimental design 
with a comparative categorical analysis in pairs 
of two proportions. The intervention given was 
a triple-dose 400 mg albendazole. The data were 
collected at Perobatang Village, SSD, in July 2016 
and January 2017. The subjects included were 
children aged 1–15 years (total sampling) who 
followed the whole series of the study. Exclusion 
criteria were severe STH infection and fever. The 
subjects were dropped out from the study if they 
had not followed the whole examination process.

 Prior to data collection, the subjects 
and their parents were explained about the 
purpose and role of the participants in the study. 
After informed consent has been obtained, an 
interview to gather biodata and measurement 
of hemoglobin (Hb) levels using a rapid test 
diagnostic strip were conducted. Afterward, the 
subjects were instructed on how to collect the 
fecal samples. Thumb-sized feces were placed 
into a 10 ml pot (priorly labeled), which was 
then returned to the researcher on the next day 
for examination using the Kato-Katz method and 
then examined microscopically.

 All positive subjects were given 
albendazole 400 mg (>2 to 15 years old) and 200 
mg (1 to <2 years old) for 3 consecutive days, and 
the administration of the drugs was witnessed 
by the researchers. Six months following the 
pretest, a re-examination of the stool and Hb 
level (posttest) was performed to investigate 
whether there is a decrease in STH prevalence 
and an increase of Hb level. The treatment was 
effective when there was a significant decrease 
in the prevalence of anemia in children with STH 
infection (p<0.05).

 The data were processed using Statistical 
Product and Service Solutions (SPSS) version 
20. McNemar’s test was used to determine the 
association of prevalence between STH and 
anemia in STH-infected children before and after 
the treatment. The α-value was set at 0.05, and 
the confidence interval (CI) was 95%. A p-value 
of less than 0.05 was considered significant. This 
study has obtained ethical clearance from the 
Faculty of Medicine, Universitas Indonesia No. 
876/UN2.F1/ETIK/2016.
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RESULTS

Prevalence of STH before and after 
intervention
 Out of the 250 children, 156 were 
included in this study. Before the treatment, the 
prevalence of STH infection was high (84%) and 
consisted of A. lumbricoides (65.4%), T. trichiura 
(55.8%), and hookworm (15.4%; Table 1). The 
infection intensity of the three worms was mostly 
moderate; however, 3% was regarded as severe 
infection for A. lumbricoides and T. trichiura. Six 
months after the treatment, the prevalence of 
A. lumbricoides, T. trichiura, and hookworms 
decreased significantly to 8.3%, 12.8%, and 0%, 
respectively (McNemar’s test, p<0.001; Table 2).

Prevalence of anemia before and after 
intervention
 As shown in Table 2, the prevalence of 
anemia before the treatment was 71.2%, and it 
significantly decreased to 25% after the treatment 
(McNemar’s test, p<0.001).

DISCUSSION

 Perobatang Village, SSD, is one of the 
underdeveloped regions in Indonesia. The 

residents face problems such as lack of clean 
water sources, poverty, and low education. To 
obtain water, wells must be more than 50 meters 
deep. The government made an artesian well 
for each village, but this is often not enough to 
fulfill their needs. The residents are also unable 
to dig their own wells because of the depth and 
fund limitation. These restrict the residents’ use 
of water primarily for cooking and drinking and 
rarely for washing their hands before meals or 
after contact with soil. These, in addition to their 
main occupation as rice and corn farmers, are 
risk factors for STH infections.

 The houses at Perobatang Village are 
usually built from traditional materials. The roofs 
are made of coconut leaves, walls of bamboos, 
and floor of soils. Pets such as dogs, pigs, and 
chickens roam freely inside the house. Houses 
are usually unequipped with latrines, hence, the 
poor hygienic practice of free defecation. The 
residents rarely use footwear because they cannot 
afford shoes and feel uncomfortable wearing 
them. These are the risk factors for hookworm 
infections. Hookworm larvae could penetrate 
through the exposed skin, which comes in direct 
contact with larvae-contaminated soil.

 Children actively play in the yard and are 
often in contact with the soil but rarely bath and 

Characteristics Ascaris lumbricoides, n (%) Trichuris trichiura, n (%) Hookworms, n (%) Anemia, n (%)
Gender
      Male, n=74 49 (31.4) 39 (25) 12 (7.7) 56 (35.9)
      Female, n=82 53 (34) 48 (30.8) 11 (7.1) 55 (35.3)
Age (years)
      1–4, n=49 29 (18.6) 16 (10.3) 3 (2) 38 (24.4)
      5–15, n=107 73 (46.8) 71 (45.5) 20 (12.8) 73 (46.8)
      Total 102 (65.4) 87 (55.8) 24 (15.4) 111 (71.2)

Table 1. The prevalence of soil-transmitted helminths (STH) and anemia based on gender and age of children at Perobatang 
Village, 2016

Table 2. The prevalence of soil-transmitted helminths (STH) and anemia before and 6 months after the treatment of triple-dose 
albendazole

CI=confidence interval

Prevalence
Ascaris lumbricoides Trichuris trichiura Hookworms Anemia
n (%) (95% CI) n (%) 95% CI n (%) (95% CI) n (%) (95% CI)

Before 102 (65.4) 57.7–72.4 87 (55.8) 48.1–63.5 24 (15.4) 9.0–21.2 111 (71.2) 64.1–78.3
After 13 (8.3) 4.5–12.8 20 (12.8) 7.7–17.9 0 0 39 (25) 18.2–31.8
McNemar’s test, p <0.001 <0.001 <0.001 <0.001
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wash their hands. Their nails were long, black, 
and dirty, which are a possible transmission site 
of STH eggs especially as they often do not wash 
their hands. STH infections in boys and girls were 
similar because of a comparable outdoor activity 
and soil contact as well as hygiene and sanitation 
practices. Based on age groups, children aged 
5–15 years had a higher STH infection rate 
compared with children aged 1–4 years. This is 
because school-aged children have more outdoor 
activities and hence are more in contact with soil 
compared with preschoolers.

STH infection status before and after the 
intervention
 After the administration of triple-dose 
albendazole, STH infection was decreased 
significantly. Randomized controlled studies 
conducted by Edegnika et al5 compared the single 
dose and repeated doses of albendazole in the 
treatment of A. lumbricoides, T. trichiura, and 
hookworm. Single-dose albendazole effectively 
treated A. lumbricoides with cure and egg 
reduction rates of 85% and 93%, respectively. 
Double-dose albendazole effectively treated 
hookworm with cure and egg reduction rates 
of 92% and 92%, respectively. Triple-dose 
albendazole is ineffective in treating T. trichiura 
but provides an egg reduction rate of 90.6%.

 Speich et al6 studied the efficacy and 
reinfection of STH 18 weeks after the treatment. 
Albendazole–oxantel pamoate showed good 
efficacy against T. trichiura (cure rates of 54% 
and egg reduction rate of 98.6%) than other 
anthelminthics. STH reinfection occurred 18 
weeks after the treatment, i.e. 37.2% against 
T. trichiura, 34.6% to A. lumbricoides, and 25% 
to hookworm. Tun et al7 conducted a study in 
Myanmar and found that 400 mg of albendazole 
every 6 months for 7 years succeeded in 
controlling STH without changing the subject 
environment and behavioral practices.

 The WHO recommends periodic drug 
treatment (deworming) to all children living in 
endemic areas once a year when the prevalence 
of STH infections in the community is over 20% 
and twice a year when over 50%. In this study, 
the prevalence of STH was more than 50%; 
hence, another mass drug administration must 
be carried out every 6 months using triple-dose 
albendazole. The results of this study endorse 

the local government to conduct mass treatment 
every 6 months for at least 5 consecutive years to 
control STH and provide clean water and latrines 
for residents in order to stop open defecation 
practices.

Anemia status before and after intervention
 Anemia due to chronic infection could be 
eliminated by treating the infection. Hence, anemia 
caused by an STH infection could be treated by 
eliminating the STH that infects the patients.8,9 
Hookworm is one of the common types of STH 
that most often cause anemia because it uses a 
hook to attach itself to the proximal duodenum of 
the intestinal mucosa, including the distal part of 
the jejunum and proximal ileum. The attachment 
causes rupture of the arterioles and venules in the 
luminal surface of the small intestine resulting in 
bleeding. Hookworm secretes a hyaluronidase 
enzyme that degrades intestinal mucosa and 
erodes blood vessels, resulting in blood loss. 
Hookworm can cause anemia because of the 
intestinal mucosal bleeding.10,11

 Anemia could also be caused by a T. 
trichiura infection especially in severe cases. 
Immature worms will migrate to the large 
intestine and penetrate the epithelial and 
intracellular cells. They continue to expand 
creating tunnels in the epithelium. The posterior 
part of the worm destroys the cell membrane, 
and the worm partially protrudes into the lumen 
of the colon, whereas the anterior portion is 
still attached to the epithelium. This causes the 
destruction of the normal bowel architecture; 
thus, the more severe the infection is, the more 
parasites are attached to the intestinal surface 
thereby causing more blood loss.12

 Severe ascariasis could also cause anemia, 
but not as severe as a hookworm infection. A. 
lumbricoides absorb the proteins and components 
needed to form erythrocytes, and Hb synthesis 
is disrupted. In ascariasis, anemia is due to iron 
deficiency from vitamins B6 and B12, folic acid, 
and other nutrients.13

 Smith et al14 conducted a research on 
indigenous communities in Manu forest, Peru. 
Researchers found that a double-dose albendazole 
yields a decrease in STH and increase of Hb 
to 1.89 g/l, while a double-dose mebendazole 
did not increase the Hb level. A combination 
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therapy of albendazole–praziquantel showed an 
increase in Hb at 2.37 g/l (95% CI: 0.13–0.34), 
but the administration of albendazole with iron 
supplementation did not provide an additional 
benefit to anemia. A cohort study by Casey et al15 
showed that triple-dose albendazole with iron 
supplementation and folic acid every week for 54 
weeks decreased anemia from 38% to 18%. The 
therapy also reduced hookworm infection from 
76% to 11%.

 In this study, prior to the administration 
of triple-dose albendazole, 71.2% of the subjects 
had anemia. Six months after the treatment, the 
subjects affected by anemia decreased to 25%. 
Anemia is more common in women than in 
men because women have menstruation. In this 
study, anemia in boys did not differ significantly 
with that of in girls because only a few girls have 
experienced menstruation.

 Furthermore, another factor that causes 
anemia is poor nutritional intake. Various 
substances, including metals (iron, cobalt, and 
manganese), vitamins (B12, B6, C, E, folate, 
riboflavin, pantothenic acid, and thiamine), and 
amino acids are needed to form erythrocytes. 
The function of erythrocytes is to circulate 
oxygen bound by Hb to all body tissues and 
carry CO2 to the lungs and out from the body.8,9 
In performing this function, Hb is an important 
factor in carrying erythrocytes.8 Hb is a protein 
consisting of Hb A (Hb dominant in the blood 
after 3–6 months of age), which is composed 
of four α2β2 polypeptide chains with its 
respective heme groups; adult patient’s blood 
also contains small amounts of fetal hemoglobin 
(HbF) and adult hemoglobin (HbA).9 Heme 
synthesis occurs in the mitochondria through a 
series of biochemical reactions and involves the 
condensation of glycine and succinyl-coenzyme 
A regulated by the enzyme δ-aminolaevulinic 
acid (ALA) synthase. Vitamin B6 is a coenzyme 
used in the formation of Hb; thus, food intake 
needs to be varied to obtain the necessary 
minerals and Hb-forming vitamins.9

 People at the village rarely consume 
nutritious food that contains iron, folic acid, and 
vitamin B12. Many of the villagers work as farmers 
and fishermen; thus, fish is the main source of 
protein. However, almost all of the fish caught are 
sold, leaving only a small portion to be consumed 

by the family. The villagers of Perobatang often 
keep swine, but they are still often for sale. 
Other sources of protein are chicken and eggs. 
In addition to raising animals, people need to be 
taught how to grow crops for consumption.

 STH treatment should be done every 6 
months. Health education primarily concerning 
the nutrition aspect and hygiene practice must be 
conducted. This way, the residents could prioritize 
the fulfillment of nutritional needs of each family 
and improve their hygiene practice.

 In conclusion, the administration of 
triple-dose albendazole effectively decreased the 
prevalence of STH and anemia in STH-infected 
children. The prevalence of A. lumbricoides, 
T. trichiura, and hookworms at baseline were 
65.4%, 55.8%, and 15.4%, respectively, and 
decreased to 8.3%, 12.8%, and 0%, respectively. 
The prevalence of anemia in children with STH 
infection was 71.2% and decreased to 25% after 
the treatment.
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ABSTRACT

Acanthamoeba keratitis (AK) is a very rare, sight-threatening corneal disease caused by the infection of a free-living amoeba. The 
aim of this report was to demonstrate the challenges in the diagnosis of AK with an atypical presentation. Amniotic membrane 
transplantation (AMT) was done in this case to accelerate wound healing. A woman who frequently used contact lens came with 
redness and a whitish spot in her left eye 2 weeks before admission. There was a history of rinsing contact lens in tap water. The 
patient had already been on a topical steroid for 2 weeks. Visual acuity of the left eye was light perception with wrong projection. 
Examination of the left cornea showed a semi-circular central ulcer with a 5.8-mm area and 1/3 stromal depth. It is surrounded 
by a feathery-edge infiltrate with positive satellite lesions but without hypopyon. It was diagnosed as corneal ulcers due to mixed 
infection (bacteria and fungi). After 2 weeks of bacterial and fungal therapy, the size of the ulcer decreased, but the corneal 
infiltrate remained; therefore, an Acanthamoeba culture was done to determine the possibility of Acanthamoeba infection. Two 
weeks after the Acanthamoeba topical therapy, the visual acuity improved. AMT was performed to accelerate wound healing. Two 
months post-AMT, visual acuity improved to 1/60 with no conjunctival or ciliary vasodilation, and the ulcer was resolved. The 
patient was planned to undergo keratoplasty. The diagnosis of AK with an atypical presentation is challenging. AMT can be used 
as an alternative therapy to accelerate wound healing.
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 Acanthamoeba keratitis (AK) is a 
very rare, sight-threatening corneal disease 
that results from the infection of a free-living 
amoeba.1–3 The estimated rate of AK is 1.2 
per million people in the United States and 
0.2–2 per 10,000 soft contact lens wearers per 
year in the United Kingdom.1 Acanthamoeba 
penetrates the eye through minimal corneal 
trauma, which usually occurs in individuals who 
routinely wear soft contact lenses.4 Patients 
with AK will experience pain and photophobia, 
and the infection runs progressively leading to 
corneal perforation if left untreated.2,5,6 Initial 
manifestation is characterized by a complete 
or partial ring infiltrate in the anterior stroma, 
which may respond well to steroid therapy.2,4 
Atypical manifestations, such as diffuse punctate 
epitheliopathy, dendritic epithelial lesion, or 
feathery-edge lesion, are also observed in other 
cases of keratitis. Therefore, AK is often mistreated 
as herpes simplex virus keratitis or even fungal 
keratitis in common practice.2,4,6 The diagnosis of 
AK is often difficult as the manifestations could 
mimic other types of keratitis. Furthermore, its 
treatment is time-consuming; hence, a proper 
and accurate diagnosis is crucial. A delayed 
diagnosis could also lead to a delay in treatment, 
and the prognosis of the disease could worsen. 
Here, we present a challenging diagnostic and 
treatment process of a contact lens-associated 
infective keratitis case caused by Acanthamoeba, 
which was treated with antibiotics and amniotic 
membrane transplantation (AMT) to enhance the 
healing process.

Case Report
 A 32-year-old woman came with chief 
complaints of redness and a whitish spot in her 
left eye since 2 weeks before admission. She 
complained of blurred vision and foreign body 
sensation without any significant pain. She had 
been using monthly disposable soft contact lenses 
for 1 year and regularly rinsed her contact lenses 
and case using commercial disinfectant solutions, 
but she also used tap water on many occasions. 
She went to a general practitioner and was 
treated with steroid ED four times daily without 
any improvements.

 The visual acuity of the left eye was light 
perception with wrong projection and the right 
eye was 6/6 with correction. Examination of 
the left cornea showed a semi-circular central 

ulcer with a 5.8-mm area and 1/3 stromal depth, 
surrounded by a feathery-edge infiltrate and 
satellite lesions. The anterior chamber was deep 
with no hypopyon, and the other part was hard to 
evaluate (Figure 1).

 We diagnosed this patient with a corneal 
ulcer due to suspected mixed infection of 
bacterial and fungal microorganisms of the left 
eye. The cornea was scrapped, and potassium 
hydroxide (KOH) and Gram examinations were 
carried out, but the results were negative. The 
patient was treated with moxifloxacin ED hourly, 
natamycin ED hourly, and polymyxin, neomycin, 
and gramicidin (Polygran®) EO three times 

 
Figure 1. The initial clinical appearance of the left eye 
showed a semi-circular central ulcer with an area of 5.8 
mm with 1/3 stromal depth, surrounded by a feathery-edge 
infiltrate and satellite lesions

Figure 2. Two weeks after the Acanthamoeba treatment, 
scar tissue started to form
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Figure 3. Clinical improvement of the left eye after the amniotic membrane transplantation procedure. (a) Two weeks after the 
procedure, there were no epithelial defects and infiltrate; (b) One month after, the central defect had been resolved and cicatrix 
formed; (c) Two months after, there was no conjunctival or ciliary vasodilation, and the ulcer resolved along with the corneal scar

a day. After 2 weeks of treatment, the visual 
acuity improved to light perception with good 
projection. However, the central corneal ulcer 
size remained 3×4 mm with 1/3 stromal depth. 
Because of an inadequate response to treatment, 
voriconazole ED was added hourly, and a culture 
for Acanthamoeba was performed to find other 
etiologic agents. Two weeks after the procedure, 
a positive result was obtained from the 
Acanthamoeba culture. Hence, we changed the 
treatment to propamidine isethionate (Brolene®) 
ED and polymyxin, neomycin, and gramicidin 
ED hourly for the left eye. After 2 weeks of the 
Acanthamoeba treatment, visual acuity improved 
to hand movement with good projection. Scar 
tissue started to form, but the epithelial defect 
was still observed in the cornea, which indicated 
delayed healing of the lesion (Figure 2).

 AMT was performed to accelerate the 
healing process of the ulcer after 6 weeks of 
treatment. The amniotic membrane has been 
used in ocular surface disorder as it acts as media 
for ocular surface growth and offers extensive 
antiinflammatory, antifibrosis, antiangiogenesis, 
and antibacterial properties, which eventually 
promote reepithelization. After surgery, treatment 
using propamidine isethionate ED and polymyxin, 
neomycin, and gramicidin ED was continued hourly 
for the left eye. Two months after AMT, visual 
acuity of the left eye gradually improved from hand 
movement with good projection to 1/60. Because 
of cicatrix in the central cornea, the patient was 
scheduled to undergo corneal transplantation until 
a corneal donor is available (Figure 3). The patient 
was informed and gave a consent for a publication.

DISCUSSION

 Several studies reported the use of a soft 
contact lens as one of the greatest risk factors 
for corneal infection.2,7 However, a recent study 
by Jiang et al8 reviewed clinical characteristics of 
AK between 1991 and 2013. Out of the 260 cases 
included, it was revealed that the most common 
risk factor was ocular trauma (53.1%) and then 
followed by contact lens wear (29.8%). In Cipto 
Mangunkusumo Hospital, the most common 
etiologies of the corneal ulcer-related soft contact 
lens are bacterial (68%) and fungal (9.55). Only 
one case of AK was found in the past 5 years.9

 In this case, the patient regularly rinsed 
her contact lenses and the case with commercial 
disinfectant solutions. However, she also 
frequently used tap water, which is known as one 
of the sources of Acanthamoeba. Acanthamoeba 
is found worldwide in air, dust, soil, and fresh 
waters, and it is relatively resistant to normal 
levels of chlorine in tap water.4

 In addition, the patient had also rinsed her 
eyes using betel leaf water twice. This might have 
intoxicated the cornea and caused necrosis and 
corneal melting, which facilitated the penetration 
of Acanthamoeba. Betel leaf has been described 
from ancient time as an antiseptic for corneal 
infection. Piper betle Linn. infusion in 5%, 10%, 
and 20% concentrations were safe in a normal 
cornea, but it is toxic in a damaged cornea.10 
Several risk factors were found in the patient 
such as using contact lens, rinsing contact lens on 
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tap water, which is the source of Acanthamoeba, 
and taking a steroid, which decreases the corneal 
defense mechanism, hence increasing the 
pathogenicity of Acanthamoeba.2,3

 However, the diagnosis of AK is often 
challenging as the manifestation may be similar 
to fungal keratitis or bacterial corneal ulcer; 
hence, further examination may be required. The 
patient was originally treated as mixed bacterial 
and fungal infection because of the risk factors, 
clinical manifestations, and epidemiology data 
that reveal that the most common etiologies of 
corneal ulcer are bacterial and fungal despite the 
negative result of Gram and KOH examinations. 
Other challenges lie in the confirmation of 
diagnosis as the gold standard examination is 
culture specimen inoculation in Escherichia 
coli-plated non-nutrient agar that requires 14 
days to grow; therefore, it is considered difficult 
and time-consuming to grow Acanthamoeba on 
the disc. Acanthamoeba has two forms in its life 
cycle: trophozoite and cyst. The trophozoites are 
sensitive to most available chemotherapeutic 
agents (antibiotics, antiseptics, antifungals, 
antiprotozoal including metronidazole, antivirals, 
and antineoplastic agents).11 However, cysts 
are more difficult to eradicate, and only a few of 
these drugs are proven effective. Treatments that 
are regularly used as an antiamoebic agent are 
biguanides (e.g., polyhexamethylene biguanide 
and chlorhexidine), diamides (e.g., propamidine), 
and aminoglycosides (e.g., neomycin). Biguanides 
are the most potent drug to eliminate the cyst 
form of Acanthamoeba.2,12

 A number of antimicrobial agents have 
been recommended for AK therapy based on 
their in vitro amebicidal effects as well as their 
clinical effectiveness. After the microbiology 
result, the patient was treated with propamidine 
isethionate ED and polymyxin, neomycin, and 
gramicidin ED. The biguanides interact with the 
cytoplasmic membrane, resulting in a loss of 
cellular components and inhibition of respiratory 
enzymes; thus, it has a cytocidal effect to 
Acanthamoeba.12 Even though diamidines also 
has a cytocidal effect, the drug is not available in 
Indonesia.

 Two weeks after treatment, the left eye 
showed a moderate response to the treatment. 
Visual acuity improved from hand movement 

with wrong projection to hand movement with 
good projection. The size of the infiltrate in the 
central cornea was reduced, and the lesion was 
surrounded with cicatrix tissue. Vemuganti et al13 
reported that in severe cases of AK, the cases that 
did not respond to adequate medical treatment 
should undergo surgical intervention.

 In terms of treatment of AK, penetrating 
keratoplasty is the most common surgical procedure 
done by ophthalmologists. Unfortunately, because a 
corneal donor was unavailable, keratoplasty should 
be postponed. Because of progressive corneal 
inflammation and persistent epithelial defect 
in this patient, AMT was performed to control 
inflammation and accelerate the healing process 
while waiting for the corneal donor in order to 
execute keratoplasty.14 Frozen amniotic membranes 
were arranged layer by layer from the bottommost 
until it covered the depth of the ulcer. The amniotic 
membranes were then stitched to the cornea using 
10.0 nylon and covered with bandage contact lens. 
The success rate of amniotic membrane use in 
corneal ulcer in Cipto Mangunkusumo Hospital is 
90%.14 Final measurement on visual acuity showed 
significant improvement from light perception to 
1/60.

 In conclusion, the diagnosis of AK with 
an atypical presentation is challenging. AMT can 
be used as an alternative therapy to accelerate 
wound healing.
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ABSTRACT

Background: The mass administration of anthelmintic such as albendazole is one of the strategies for eliminating soil-transmitted 
helminth (STH) infection. The widespread and long-term use of anthelmintics can cause resistance. The research on animals 
shows that factor that the single-nucleotide polymorphism (SNP) codon 200 β-tubulin gene of the worms is one of the factors that 
can cause the decreased efficacy of anthelmintics. This study aimed to determine the bases of codon 200 in A. lumbricoides and T. 
trichiura, which infect the people in Nangapanda, East Nusa Tenggara.

Methods: The worm samples were obtained from the intestinal helminth-infected patients from Nangapanda Sub-district. The 
DNA from the worm tissues were isolated, amplificated by polymerase chain reaction (PCR), and sequenced. The sequencing 
results were aligned to the reference sequence to obtain the codon bases in the 200 β-tubulin gene.

Results: TTC constitute the codon bases in the 200 β-tubulin gene found in two A. lumbricoides and one T. trichiura.

Conclusion: The SNP codon 200 β-tubulin gene was absent in A. lumbricoides or T. trichiura worms that were examined in this 
study.
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 Soil-transmitted helminth (STH) is one 
of the parasites that cause the most common 
infection in the world. More than 1 billion 
people have been infected, with 300 million 
showing clinical symptoms of severe infection 
by more than one species of STH.1–3 The mass 
anthelmintic treatment is one of the strategies for 
STH elimination.4 The World Health Organization 
(WHO) recommends the use of mebendazole 
or albendazole in the elimination program. The 
repeated and regular elimination program of 
those at risk ensures the low level of infection.5 
However, the long-term use of anthelmintic drugs 
can lead to resistance or at least decrease of the 
drug efficacy to combat the STH infection.5,6 A 
meta-analysis study in 2008 showed that the 
single-dose administration of 400 mg albendazole 
produces 88% cure rate against A. lumbricoides 
and 28% against T. trichiura.7 Although the 
decline in the efficacy of albendazole in humans 
have been reported, the resistance to albendazole 
has not been confirmed.8

 The albendazole acts against helminths 
through the binding of β-tubulin, one of 
the proteins that form microtubule.9,10 The 
microtubule is an important organelle for motility, 
cell division, and the secretion of nucleated cells 
in all living things.11,12 The binding of β-tubulin in 
STH will disrupt the microtubule polymerization, 
hampering the entire process of worm energy 
management and eventually resulting in the 
death of the worm or its removal from the body 
of the host.3,9

 Several factors could contribute to the 
decreased efficacy of benzimidazole, i.e. host, 
parasite, and drug. One of the factors involving 
parasites is single-nucleotide polymorphisms 
(SNPs), for example, the substitution of 
phenylalanine to tyrosine in codon 200 β-tubulin 
gene (Phe200Try).1,13,14 Several animal studies 
discovered a polymorphism in β-tubulin gene 
isotype 1 in the parasitic nematode Haemonchus 
contortus; this polymorphism leads to albendazole 
resistant in Kuningan, Yogyakarta, and Bogor.13,14 
This SNP was also discovered in the albendazole-
resistant Trichostrongylus worms.15

 The human studies in Haiti and Kenya 
identified the SNP codon 200 in T. trichiura 
(homozygote and heterozygote TAC) but not in A. 
lumbricoides (all homozygote TTC).1 Whether the 

parasitic worms A. lumbricoides and T. trichiura 
infecting the population in Indonesia feature 
an SNP profile similar to that found in Haiti and 
Kenya remains unknown. A study on a population 
in Nangapanda Sub-district, East Nusa Tenggara 
showed that after 7 rounds of three-month mass 
treatment with a single dose of albendazole, the 
percentage of T. trichiura infection decreased 
from 27.8% to 17.7% whereas A. lumbricoides 
infection decreased from 33.2% to 9.7%.16 Based 
on the differences in the decreased percentage 
in both species of STH, this study aimed to 
determine the profile of codon 200 β-tubulin 
gene in A. lumbricoides and T. trichiura infecting 
residents in Nangapanda Sub-district, Ende, East 
Nusa Tenggara.

METHODS

Sample collection
 The worm samples were obtained from 
the school children in Nangapanda Sub-district, 
Ende, East Nusa Tenggara after the administration 
of  albendazole treatment in accordance with the 
national program. The worm samples consisted 
of four A. lumbricoides worms (three females and 
one male) and one female T. trichiura. Each of the 
A. lumbricoides worms was obtained separately 
from four school-age children who had been 
given a single dose of 400 mg albendazole. On the 
other hand, the T. trichiura worm was obtained 
from school-aged children who had been given 
pyrantel pamoate. These worms were stored at a 
temperature of -20 °C before analysis. This study 
was approved by the Research Ethics Committee 
of the Faculty of Medicine, Universitas Indonesia 
(No. 194/PT02.FK/Etik/2006).

Isolation of DNA worms
 Prior to the isolation of A. lumbricoides 
worm, 0.25 g of worm tissue (posterior part) was 
weighed, cut into small pieces, and placed in a 
cryotube. The T. trichiura worm was inserted as a 
whole into another cryotube. Next, liquid nitrogen 
was added gradually to the sample while  being 
crushed repeatedly with a glass rod. The procedure 
of DNA isolation was performed according to 
the DNeasy Blood & Tissue kit (Qiagen, Hilden, 
Germany).17 A total of 20 µl proteinase K was added 
to the samples, which were then vortexed until 
homogeneity. The samples were then incubated 
at 56°C for 1 h, vortexed, and spun down. Next, 
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200 µl of AL buffer was added followed by 200 ml 
of ethanol (98%–100%), with each adding step 
followed by vortexing and spinning down. All the 
solutions were then placed in the DNeasy spin 
column placed in a 2 ml tube and were centrifuged 
with a speed of 8,000 rpm for 1 min. The filtrate 
was then discarded, and 500 µl of AW1 buffer was 
added. Afterward, the tubes were centrifuged at 
a speed of 8,000 rpm for 1 min. The filtrate was 
discarded, and 500 µl of AW2 buffer was added. 
Then, the tubes were centrifuged at a speed of 
14,000 rpm for 3 min. The filtrate was removed, 
and the tubes were centrifuged again without 
adding anything at the speed of 14,000 rpm for 1 
min. The spin columns were then transferred into 
two new tubes, and 100 µl buffer AE was added. 
The tubes were incubated at room temperature 
and were centrifuged at a speed of 8,000 rpm for 
1 min. The DNA concentration in the elution was 
measured using NanoDrop (Implen, Germany). 
The DNA samples were stored at -20 °C before use.

Polymerase chain reaction (PCR) and gel 
electrophoresis
 A total of 25 µl KAPA Taq HotStart Extra 
Readymix (Kapa Biosystems, MA., USA) was placed 
in a PCR tube and was added with 2.5 μl forward 
primer, 2.5 μl reverse primer for A. lumbricoides, 15 
μl RNA-free water, and 5 μl samples. The negative 
control contained RNA-free water. The tube was 
placed in the Rotor-gene PCR machine (Qiagen, 
Hilden, Germany), and PCR was conducted at 
an initial denaturation temperature of 95 °C for 
3 min, followed by denaturation temperature 
of 95 °C for 30 s, annealing temperature of 54.3 
°C for 30 s, extension temperature of 72 °C for 
1 min (denaturation temperature to extension 
temperature was then repeated 35 times), and 
a final extension temperature of 72 °C for 1 min 
(Table 1).

 The PCR results were visualized using 
electrophoresis. The target band was the β-tubulin 
amplicon of A. lumbricoides with a length of 158 
bp, whereas that of T. trichiura exhibited a length of 
163 bp.3 A total of 4 µl of PCR products (samples and 

Table 1. Primers used for PCR1

negative controls) and 4 μl of 100 bp ladder were 
mixed with 2 μl loading dye and 4 μl SYBR® green 
(1:1000). The mixtures were then added to the 
wells with 1.5% agarose gel. The electrophoresis 
machine was run with 118 mA, 85 V, 10 W for 45 
min. The results were read in the FireReader V4 
Gel Documentation Machine (UVItec, UK).

Sequencing
 PCR samples were then sent to 1st Base 
to be purified and sequenced using the Sanger 
method. The sequences were entered into the 
Basic Local Alignment Search Tool (BLAST) 
program to determine the similarity between the 
sample sequences and reference sequences in 
GenBank. BLAST program can be found at http://
blast.ncbi.nlm.nih.gov/Blast.cgi.

Alignment of sequence data
 The alignment was done by using BioEdit 
Sequence Alignment Editor version 5.0.9 with 
EU814697.1 as a reference for A. lumbricoides 
and KF410623.1 for T. trichiura.

RESULTS

DNA isolation
 The DNA concentration obtained from the 
worm tissues ranged from 109 ng/ml to 233 
ng/ml for A. lumbricoides and 9.65 ng/ml for 
T. trichiura. From these samples, the isolation 
of A. lumbricoides DNA from sample Y2 yielded 
the highest concentration (233 ng/µl) with the 
highest purity as shown by A260/280 of 1.769 
(Table 2). The sample of T. trichiura showed a 
concentration of 9.65 ng/µl with a ratio A260/280 
of 1.752 (Table 2).

PCR
 From the four DNA samples of A. 
lumbricoides, two samples were successfully 
amplified, Y1 and Y2, along with the sample of T. 
trichiura (Tt). Bands Y1 and Y2 measured about 
200 bp in length, whereas Tt featured a length 
of about 163 bp (Figure 1). As the PCR of the 

Primer Forward Reverse 
A. lumbricoides AGAGCCACAGTTGGTTTAGATACG AGGGTCCTGAAGCAGATGTC
T. trichiura CGCCTTTTTAGGTTTCAGATACA CGCCTTTTTAGGTTTCAGATACA

http://mji.ui.ac.id

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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remaining two samples of A. lumbricoides tissue 
(Y3 and Y4) failed to show any band, they were 
excluded from sequencing.

Sequencing
 Figures 2 and 3 show the alignment 
between A. lumbricoides reference and sequences 
Y1 and Y2. Both codon 200 from Y1 and Y2 
were similar to the reference EU8146873, that is 
TTC. The band length of Y1 spanned 162 bases, 
whereas Y2 comprised 160 bases.

 In the T. trichiura sample, we also found 
TTC in codon 200 similar to the reference 
AF0342193 (Figure 4). The band length of Tt 
amplicon was 135 bases.

DISCUSSION

 The sequencing was conducted using 
the PCR primer obtained based on the work of 

Table 2. DNA isolation from worm’s tissue

Figure 1. Electrophoresis of DNA samples from T. trichiura 
and A. lumbricoides adult worms. (K)=negative control; 
(Tt)=DNA samples of T. trichiura adult worm, (Y1 and 
Y2)=DNA samples of A. lumbricoides adult worm

Diawara et al1 (A. lumbricoides differs by 151 
bases from codon 200, whereas T. trichiura differs 
by 64 bases). The bases of codon 200 β-tubulin 
gene in A. lumbricoides worms consisted of TTC; 
the results were consistent with the findings from 
a previous study.1 The codon 200 β-tubulin gene 
in T. trichiura also contained TTC, consistent with 
the results of the study conducted by Hansen et 
al18 but not with those of the study conducted 
by Diawara et al,3 who discovered the bases TAC 
on codon 200. In this study, A. lumbricoides and 
T. trichiura worms were obtained from infected 
people with no history of mass treatment in an 
endemic area in Ende.

 In the study by Hansen et al,18 T. trichiura 
worms were obtained from people in Uganda 
after the first treatment with mebendazole 2x100 

 

K- Tt Lad Y1 Y2

 
Figure 2. The alignment between A. lumbricoides reference 
(above) and sequences Y1

Figure 3. The alignment between A. lumbricoides reference 
(above) and sequences Y2

Figure 4. The alignment between T. trichiura reference 
(above) and Tt sequence

 

 

No sample Species DNA concentration (ng/µl) A260/A280
Y1 A. lumbricoides 109 1.731
Y2 A. lumbricoides 233 1.769
Y3 A. lumbricoides 136 1.273
Y4 A. lumbricoides 121 1.282
Tt T. trichiura 9.65 1.752
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mg for 5 days. On the other hand, in the study 
by Diawara et al,3 the T. trichiura worms were 
obtained from school-age children who have 
never been treated. In Diawara et al3 study, the 
area where the samples were obtained was near 
a location with a history of mass anthelmintic 
treatment; thus, the people from the area who 
have been treated possibly relocated to locations 
where the samples were obtained. The difference 
in results between samples of T. trichiura worms 
from this study and Hansen et al18 with the result 
from Diawara et al3 may be caused by differences 
in the treatment history.

 Three worm samples were successfully 
amplified, two A. lumbricoides and one T. trichiura. 
The failure in amplification could be caused by 
poor DNA quality, which can be caused by sample 
storage conditions, such as storing at an unstable 
temperature or a temperatures less than -20 
°C, the addition of preservatives (formalin or 
alcohol), or excessive melting and freezing (freeze 
and thaw).19 This study found that both worms 
which were failed to be amplified exhibited a more 
crumbly consistency than the other worms. The 
purity of DNA concentration from A. lumbricoides 
that were not successfully amplified ranged 
from 1.2 to 1.3. These results indicated that the 
DNA from A. lumbricoides worms still contained 
contaminants, such as protein and DNA phenol.20

 Study with larger samples of the 
population from the same area must be conducted 
to determine the prevalence of SNP codon 200 
β-tubulin in A. lumbricoides and T. trichiura worms 
infecting the Nangapanda population. Studies can 
also be conducted on the residents of other STH 
endemic areas with more frequent anthelmintic 
treatments to determine the influence of 
anthelmintic administration on codon 200 SNP 
profile β-tubulin gene in A. lumbricoides and T. 
trichiura worms.

 In conclusion, this research showed 
that the bases in codon 200 β-tubulin from A. 
lumbricoides and from T. trichiura comprised 
TTC. The worms from Nangapanda individuals 
included in this study contained no SNP codon 
200 in their β-tubulin gene.
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 In the previous published article,1 there were 
three errors.

 The first error was published on page 
201, in the results section of the abstract. the 
result section from the abstract, the following 
text appears: "The findings indicated that 5 
of 12 factors could significantly predict Zika 
prevention practices of pregnant women at the 
Health Promotion Center Region 5 in Thailand: 
education, smoking behavior, check-up status 
during pregnancy, perception of susceptibility, 
and perception of benefit." The text was 
incorrect and should have read: "The findings 
indicated that 4 of 11 factors could significantly 
predict Zika prevention practices of pregnant 
women at the Health Promotion Center Region 
5 in Thailand: education, check-up status during 
pregnancy, perception of susceptibility, and 
perception of benefit."

Medical Journal of Indonesia

Corrigendum

Corresponding author: Issara Siramaneerat
issara_s@rmutt.ac.th

Issara Siramaneerat

Department of Social Science, Faculty of Liberal Arts, Rajamangala University of Technology Thanyaburi, Thailand

Characteristics Mean±SD or n (%) Coefficient p 95% CI
Age  
      18–20 years (Ref.) 35 (8.86%) - - -
      21–25 years 62 (15.7%) -2.111 0.222 (-5.207-1.352)
      26–30 years 91 (23.04%) -0.355 0.839 (-5.508-1.286)
      31–35 years 147 (37.22%) 1.925 0.308 (-3.778-3.068)
      ≥36 years 60 (15.18%) 6.262 0.123 (-1.785-5.636)

Correction to: Medical Journal of Indonesia. 2018;27(3):201–8

   https://doi.org/10.13-181/mji.v27i3.2424

 The second error was published on page 204, 
left column, first paragraph. In the first paragraph, 
the following text appears: "The respondents were 
classified into six age categories: 18–20 years, 21–
25 years, 26–30 years, 31–35 years, 36–40 years, 
and >40 years old." The text was incorrect and 
should have read: "The respondents were classified 
into five age categories: 18–20 years, 21–25 years, 
26–30 years, 31–35 years and ≥36 years old."

 The third error was published on page 205, 
in table 1, subheading age. It should have read as 
presented below (Table 1).
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