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In this issue, Kusuma et al1 recommend 
preincubation in trehalose prior to 
cryopreservation of CD271+ mesenchymal 
stem cells (MSCs).  Kusuma et al1 study 
showed that preincubation with trehalose 
increased cell viability compared to control 
that was not preincubated, and control without 
cryopreservation medium. However, this study 
only addressed viability after 24 hours in liquid 
nitrogen,1 and did not address other functional 
variables that play a role in the success of cell 
therapy, which used cryopreserved cells, such 
as differentiation capacity, clonogenic efficiency, 
immune-modulation properties, and senescence 
after thawing.

A review on many cryopreservation studies that 
used various concentrations of dimethylsulfoxide 
(DMSO) or other cryoprotectants without trehalosa 
preincubation for various periods including 24 
hours showed that in most studies, viability and 
differentiation capacity were not impaired.2 Most 
studies assessed viability directly after thawing,2 
while the study of Kusuma et al1 assessed post thaw 
viability after one hour in culture. Cells usually 
undergo apoptosis or necrosis through various 
pathways after hours to two days after thawing, 
and reduced viability is usually evident after three 
days in culture,2 thus post thaw viability assessment 
directly or after one hour in culture does not reflect 
real viable cell number, and if the cells are intended 
to be used in cell therapy directly after thawing, cell 
death may occur in the patient, and cell necrosis 
may cause inflammatory responses. 

Moreover, viable after cryopreservation does 
not necessarily means functional, as re-culture 
(passage) after cryopreservation needs more 
cells to be seeded compared to re-culture of 
fresh cells, which shows that though viable, most 

cryopreserved cells have lost their attachment 
and proliferation capacity. Therefore, measuring 
clonogenic efficiency is more appropriate to 
describe cell viability and proliferation capacity, as 
post thaw clonogenic efficiency is associated with 
better engraftment and outcome in cell therapy.3 
In addition, Kusuma et al1 study measured 
viability by water-soluble tetrazolium-1 (WST-
1) proliferation assay, which might give a higher 
viability result, as WST-1 measured metabolic 
activity, and cryopreserved cells were reported 
to have increased metabolic activity.2 Moreover, 
WST-1 proliferation assay in Kusuma et al1 study 
showed absorbance that was not interpolated 
to viable cell numbers, thus could not be 
compared to other cryopreservation studies that 
measured viable cell numbers using trypan blue 
exclusion. Therefore, viability benefit of trehalosa 
preincubation before cryopreservation needs 
further assurance using trypan blue exclusion 
method and clonogenic efficiency testing. In term 
of differentiation, further studies are needed to 
show whether trehalosa preincubation is superior 
compared to direct cryopreservation using DMSO 
containing cryopreservation medium.

Mesenchymal stem cells have immunomodulation 
properties and are promising to treat graft versus 
host, or autoimmune diseases. However, several 
studies showed that cryopreservation caused 
impairment in post thaw MSC immunomodulation 
properties4,5 due to activation of a heat shock 
program, but the impairment was reversible after 
24 hours of re-culture.4 Whether impairment of 
immunomodulation properties may be restored 
in vivo after transfusion into patients is not 
known, and needs further studies.6
 

The use of MSC with impaired immunomodulatory 
function due to cryopreservation is hypothesized 
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to play a role in the failure of MSC therapy in acute 
steroid-resistant graft-versus-host disease.6 The 
failure was supposed to arise from the fact that 
the MSCs (Prochymal from Osiris Therapeutics 
Inc) were derived from a mass production from 
a volunteer donor, which was expanded to 10,000 
doses, while other clinical trials expanded only 
to five, or maximal to ten doses. Moreover, most 
cryopreserved MSCs are thawed and transfused 
into patients within a few hours, without re-
culture to reverse cryopreservation deleterious 
effects.6 Over expansion may cause cell senescence 
due to cumulative population doublings that 
exceed the Hayflick limit.  

Moreover, impaired immunomodulatory function 
might be due to high numbers of pre-freeze and 
48-hours post thaw senescent cells.7 When a 
high number of post thaw senescent cells are re-
cultured, they lose their proliferation capacity and 
force non-senescent cells to proliferate more to 
become confluent, thus increases their cumulative 
population doublings to reach their Hayflick limit, 
and so non-senescent cells will become senescent, 
increasing the senescent cell population. A study 
showed that post thaw clonogenic efficiency of 
umbilical cord blood hematopoietic progenitor 
cells after cryopreservation in DMSO containing 
cryo-medium was 22%,3 which means that only 
22% of post thaw cells can proliferate. Reduced 
post thaw clonogenic efficiency might play a role 
in increased proportion of senescent cells, and 
thus their functional performance. In terms of 
immunomodulation properties and proportion 
of senescent cells after thawing, whether 
trehalosa pre incubation is superior compared to 
direct cryopreservation using DMSO containing 
cryopreservation medium is unknown, and 
therefore, further studies are needed.

In conclusion, pre incubation with thehalosa 
increased cell viability, but functional variables 
that play a role in the success of cell therapy, i.e. 
differentiation capacity, clonogenic efficiency, 
immunomodulation properties, and senescence 
after thawing need to be addressed.
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ABSTRAK

Latar belakang: Prevalensi kanker kolorektal meningkat di 
Asia termasuk di Indonesia. Annona muricata secara tradisional 
digunakan untuk menjaga kesehatan dan akhir-akhir ini 
digunakan untuk pasien kanker. Tujuan penelitian ini untuk 
mengetahui efek antiproliferatif ekstrak daun A. muricata dan 
kemampuannya meningkatkan aktivitas caspase  in vitro dan 
ex vivo.

Metode: Tiga puluh pasien kanker kolorektal secara acak 
dikelompokkan untuk menerima 300 mg ekstrak daun A. 
muricata (n=15) atau plasebo (n=15), setiap hari selama 
8 minggu. Setelah itu serum pasien kanker kolorektal dari 
kedua kelompok digunakan untuk penelitian ex vivo untuk 
mengetahui efek ekstrak terhadap aktivitas caspase-8 dan 
caspase-9 cell line kanker kolorektal. Efek antiproliferatif  
ekstrak air daun A. muricata dan fraksinya dievaluasi terhadap 
cell line kanker kolorektal (DLD-1 dan COLO 205) dengan 
alat tes mikrokultur berdasarkan pengurangan metabolisme 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT), dibandingkan dengan 5-fluorourasil dengan dosis 62,5-
2.000 µg/mL atau dengan plasebo. Data diuji dengan uji U 
Mann-Whitney. Batas kemaknaan ditetapkan pada nilai p≤0,05.

Hasil: Fraksi larut etanol dari ekstrak air  daun A. muricata  
menunjukkan efek sitotoksik pada sel kanker kolorektal DLD-
1 dan COLO 205, dengan konsentrasi hambatan lebih rendah 
dibanding plasebo dan 5-fluorourasil, masing-masing 20,59 
μg/mL dan 654,9 μg/mL. Serum pasien yang minum ekstrak, 
bermakna dalam menstimulasi aktivitas caspase 9 (p=0,001) 
pada DLD-1 cell line kanker kolorektal, namun tidak bermakna 
dalam menstimulasi aktivitas caspase 8 (p=0,372).

Kesimpulan: Hasil penelitian menunjukkan potensi sitotoksisitas 
ekstrak daun A. muricata dalam penelitian in vitro dan ex vivo 
kanker kolorektal.

ABSTRACT

Background: The prevalence of colorectal cancer is rising 
in Asia including Indonesia. Annona muricata tea leaves, that 
is traditionally used for maintaining health, and lately being 
used by cancer patients. The objectives of this study is to 
investigate its effects in human colorectal cancer cell in vitro 
and ex vivo.

Methods: Thirty patients with colorectal cancer (CRC) were 
enrolled in a randomized double-blind placebo-controlled 
trial. They were equally divided into two groups: those 
treated with 300 mg A. muricata leaf extract and placebo 
daily for 8 weeks. Serum from supplemented CRC patients 
of both groups was compared for caspase 9 and caspase 8 
enhancement activity. Antiproliferative effect of water extract 
of A. muricata leaves and its fractions were evaluated against 
colorectal cancer cell line (DLD-1 and COLO 205) compared 
with 5-fluorouracil and placebo, the dose range was 62.5-
2,000 µg/mL. Method used was 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Data 
were analyzed by Mann-Whitney U test. The p value was set 
at 0.05.

Results: Ethanol-soluble fraction of A. muricata leaves 
extract water extract (ESFAM) leaves extract had cytotoxicity 
effects on DLD-1 as well as COLO 205 cell line, as shown by 
the lower IC50 compared to 5-fluorouracil and placebo, 20.59 
μg/mL and 654.9μg/mL, respectively. Serum of subjects 
supplemented with extract significantly induced caspase 9 
(p=0.001) activity of DLD-1 colorectal cancer cell line, but 
not for caspase 8 activity (p=0.372).

Conclusion: The study's results suggest the cytotoxicity 
potential of  A. muricata  leaves extract  in in vitro and ex 
vivo studies.
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The prevalence of colorectal cancer is rising 
in Asia1 and it is now the third most common  
malignant disease in both men and women. There 
are two to four folds increase of cancer incidence 
in the last five years.2 In Indonesia colorectal 
cancer was recently estimated to be the five most 
prevalent cancer found in males and females 
among 13 cancer  registries.3 

Many types of cancer have the mechanism to 
avoid apoptosis induced by anticancer drugs.4 
The intervention of multistage carcinogenesis 
by regulating intracellular signaling pathways 
may give molecular basis of chemoprevention 
with a wide variety of dietary phytochemicals.5 
Therefore, there is a growing interest to explore 
the possibility of using phytochemicals such as 
the ones found in our diet as chemopreventive 
agents. 

Members of family Annonaceae have been 
investigated as potential sources of biologically 
active Annonaceous acetogenins, some of 
which has demonstrated a powerful anti-tumor 
activities.6 Currently, 34 acetogenins have been 
identified in the leaves of Annona muricata Linn.7  
People have used A. muricata leaves traditionally 
by brewing in hot water and  this preparation is 
found to be safe.8 The cytotoxicity of acetogenins 
has been shown to be stronger in tumorous than 
in normal cells.9  The primary site of action of the 
acetogenins is complex I of the electron transport 
chain in mitochondria.10 Study in mice showed 
that annonacin inhibited the normal growth of 
lung tumors during  two-weeks period.11 

Phytochemical assessment of A. muricata leaves 
showed the presence of alkaloids, tannins, 
flavonoids, saponins, anthraquinones and cardiac 
glycosides, ellagic acid,  polyphenolic compounds, 
triterpenoids, β-sistosterol.12-14 Polyphenols such 
as flavonoid quercetin and flavone (2-phenyl-4H-
1-benzopyran-4-one) may  have chemoprevention  
property by reducing the incidence of many types 
of cancers, especially colon cancer.4

Caspase-3 activity and deoxynucleotidyl 
transferase-mediated dUTP nick-end labelling 
(TUNEL) assessment showed that the ethanolic 
extract of A. muricata induced apoptosis in the 
myelogenous leukemic K562 cell line. A. muricata  
is considered to be a potential candidate for the 
development of pro-apoptotic drugs.14 Based on 

the findings, it is interesting to study the effect of A. 
muricata leaves extract towards cell proliferation 
as well as towards caspase-8 and caspase-9 in 
colorectal cancer cell in vitro. This study was the 
first ex vivo experiment using serum of colorectal 
cancer (CRC) patients after eight weeks treatment 
with the plant extract.

METHODS

The subjects for the ex vivo trial were CRC 
patients receiving outpatient care at the Cipto 
Mangunkusumo Hospital, Faculty of Medicine, 
Universitas Indonesia, Jakarta, Indonesia, after 
primary tumor resection. The protocol of this 
study was approved by Medical Ethics Committee, 
Faculty of Medicine, Universitas Indonesia (No. 
406/H2.F1/ETIK/2013). Participation in the study 
was voluntary, and written informed consent was 
obtained prior to the study. The clinical trial is 
registered on ClinicalTrials.gov under the identifier 
NCT02439580.

Male and female CRC patients older than 30 years 
who had undergone primary tumor resection 
and were willing to take one capsule per day of 
A. muricata extract or a placebo as an additional 
treatment throughout the study period were 
included in the study. In addition, the patients 
were required to have satisfactory hematological 
and biochemical function and Karnofsky 
performance status of ≥60%. 

Patients with the following conditions were 
excluded from the study: uncontrolled 
hypertension (untreated systolic blood pressure 
>160 mm Hg, or diastolic blood pressure >95 mm 
Hg); serious heart problems; upper limit of serum 
glutamic pyruvic transaminase (SGPT), serum 
glutamic oxaloacetic transaminase (SGOT), and 
creatinine  were 111 U/L, 123 U/L, 3.6 mg/dL 
respectively;  a disability rendering them unable 
to communicate verbally; or a history of cancers 
other than colorectal (such as non-melanoma 
skin cancer, basal cell carcinoma, and squamous 
cell carcinoma) in the past five years. Pregnant or 
lactating women, and those not using adequate 
contraception, were also excluded. In addition, 
patients taking other investigational drugs, 
patients with hereditary non-polyposis colorectal 
cancer (HNPCC), and patients taking probiotic 
supplementation during the study period were 
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also excluded to avoid potentially conflicting 
conditions and treatments.

Annona muricata L. extract
The A. muricata extract used in this study is a 
standardized vacuum dried extract (Zirzak Orac) 
produced by Javaplant, Central Java, Indonesia, 
containing 0.018% acetogenin (w/w). Zirzak Orac 
underwent further fractionation using ethanol to 
produce ethanol-soluble fraction of A. muricata 
leaves water extract (ESFAM). ESFAM contains 
0.36% acetogenin (w/w) or 3.6 mg/g, and a 10 
g water extract is equivalent to a 2 g ethanolic 
fraction.  

In this study, the CRC patients consumed either 
300 mg of ESFAM or maltose as a placebo in the 
form of a capsule after breakfast. 

Procedures
A randomized double-blind placebo-controlled 
trial (RCT) was conducted. The patients were 
randomly assigned into either ESFAM or placebo, 
through block randomization (four patients per 
block), supplementation was administered for 
eight weeks.

Peripheral blood samples were drawn from the 
patients through vein at the baseline and at the 
end of the study period. Venous blood samples 
used for the ex vivo study were centrifuged 
at 3,000 rpm for 10 minutes to obtain serum 
and then labeled and maintained at -80°C until 
analysis. Ex vivo study was performed by treating 
colorectal cell lines blindly with the serum of 
patients from both groups. 

Best result of ex vivo study could be achieved 
by using treated patients cancer cells. Before 
using commercial cell lines from American Type 
Culture Collection (ATCC®), efforts to develop cell 
line derived from CRC patients were failed as the 
cells from patients underwent surgery was highly 
contaminated  since these are colorectal tissues.

The human colorectal cell line types used in 
this study were COLO 205 and DLD-1 and were 
purchased from ATCC®

 
(Catalog No. CCL-222 and 

Catalog No. CCL-221, respectively); they were 
maintained according to supplier guidelines 
(American Type Culture Collection, ATCC, 
Manassas, VA). DLD-1 is derived from the Dukes’ 
type C human colorectal adenocarcinoma tissue, 

and COLO 205 is derived from the Dukes’ type D 
human colorectal adenocarcinoma tissue. Both 
lines were isolated from metastatic sites but there 
are differences, DLD-1 is from local metastatic site 
(lymph node) while COLO 205 is from a distant 
site (ascites). Both types of cell lines were chosen 
to represent both type of metastases.

Cells were incubated with 95% air and 5% CO2 at 
37°C; all cells were maintained below passage 20 
and used in experiments during the linear phase 
of growth. The human colorectal cancer cell lines 
DLD-1 and COLO 205 were maintained in RPMI-
1640 medium that supplemented with 10% fetal 
calf serum (FCS), 2 mM L-glutamine, 100 units/
mL penicillin, and 100 mg/mL streptomycin 
and maintained in a humidified environment 
containing 5% CO2 at 37°C.

In vitro cytotoxic test by MTT assay 
Antiproliferative effect of water extract of A. 
muricata leaves and its fractions, dose range  
62.5–2,000 µg/mL, were evaluated against 
colorectal cancer cell line DLD-1 and COLO 205 
with micro-culture assay based on the metabolic 
reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT); compared 
with 5-fluorouracil (5-FU) and placebo.

The cytotoxic activity of extract  was assessed 
using an MTT assay; cells were cultured in 96-
well micro titer plates, where each well contained 
2×104 cells, and treated for 48 hours. Cytotoxicity 
was assessed using the MTT test (Trevigen’s TACS® 

MTT cell proliferation assay), in triplicate.15-16  

Caspase activity assessment
Since apoptosis might be one of the prime 
candidate mechanisms, we analyzed the 
expression level of caspase-8 and caspase-9. The 
DLD-1 colorectal carcinoma cell line was chosen 
since it was shown to be a proper in vitro model 
as previously described.17 Cleaved caspase-8 
was measured using kit from R&D Systems, Inc. 
(USA & Canada) Catalog No. KCB705. This cell-
based enzyme-linked immunosorbent assay 
(ELISA) contains the components required to 
run an ELISA using fluorogenic substrates to 
measure cleaved caspase-8 (Asp391) in whole 
cells.

This simple and efficient assay removes the need to 
prepare cell lysates and can be used to investigate 

http://mji.ui.ac.id
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signaling pathways and the inhibitory property 
on cells. Cells were fixed and permeabilized in the 
wells after being grown in 96-well microplates 
and stimulated with ligands.

The target protein amount was assessed 
using a double immune enzymatic labeling 
procedure. Two primary antibodies were used 
to simultaneously incubate the cells. They are 
an antibody specific for the target protein and 
a normalization antibody that is specific for 
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), a housekeeping protein. The primary 
antibodies are obtained from different species. 
Two secondary antibodies recognizing the 
different species are labeled with either 
horseradish-peroxidase (HRP) or alkaline 
phosphatase (AP), and two spectrally distinct 
fluorogenic substrates for either HRP or AP 
are employed for detection. The fluorescence 
of the target protein is normalized to that of 
the total GAPDH in each well for the correction 
of well-to-well variations. 

This two-wave length assay results in precise 
analysis of cleaved caspase-8 (Asp391) with 
good reproducibility. Cleaved caspase-9 was 
measured using kit from eBioscience company, 
Catalog No. BMS2025/BMS2025TEN (USA & 
Canada).

Concentrations of extracts used to test the 
caspase activity are 25–50 µg/mL, as compared 
to 25–50 µg/mL 5-FU as positive control. The 
extracts data were complemented by parallel 
studies of direct addition of participants’ serum 
to the same human cell lines.

Ex vivo study was performed by treating 
colorectal cell lines with serum of patients 
from both groups; treated with leaves extract 
or placebo. Sera from patients of both groups 
were compared for caspase-8 and caspase-9 
enhancement activity.

Statistical analysis
SPSS for Windows version 22 (SPSS Inc., USA) 
was used to analyze the results. The Saphiro 
Wilk test was used to test the normality of the 
data. Independent T tests was used to examine 
differences in means for normally distributed 
data, otherwise Mann Whitney U test was used. 
The p value was set at 0.05. 

RESULTS

Cytotoxicity 
Inhibitory concentration (IC)50 values of the  
different extracts against DLD-1 are shown in 
Figure  1. ESFAM showed the lowest IC50 values, 
20.59 μg/mL.

Zirzak Orac and ESFAM showed the lower IC50 
values against COLO 205 compared to 5-FU which  
were  277.7 μg/mL and 654.9 μg/mL,  respectively 
(Figure  2).

Caspase activity 
The activity of caspase-8 and caspase-9 of DLD-
1 colorectal cancer cell line tended to be higher 
when treated with the extracts as compared to 
5-FU  as positive control, as well as untreated  
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cell and blank that only contained medium 
(Figure 3).

Ex vivo experiment on caspases  activities were 
conducted using  subjects’ serum to stimulate 
caspase-8 and caspase-9 activities of  DLD-1 
colorectal cell  lines. The results showed that serum 
from patients treated with ESFAM significantly 
enhanced the expression of caspase-9 (p<0.05) 
compared to placebo group. Serum from placebo 
group has significantly lower expression of 
caspase-9. Expression of caspase-8 tended to 
decrease in both groups (p=0.057) (Table 1).
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Figure 3. Caspase-8 and caspase-9 activities of DLD-1 colorectal cancer cell lines in vitro. ESFAM: ethanol-soluble fraction of A. 
muricata water extract

ESFAM (unit)
n=10

Within group 
difference (p value)

Placebo (unit)
n=10

Within group 
difference (p value)

Between group 
difference (p value) ‡

Caspase-9 0.001
Before 0.59 (0.49–0.71) 0.048 0.62 (0.52–0.79) 0.014
After 0.68 (0.60–0.75) 0.54 (0.47–0.64)

Caspase-8 0.372
Before 0.17 (0.14–0.20) 0.057 0.19 (0.16–0.23) 0.433
After 0.15 (0.13–0.19) 0.19 (0.16–0.23)

Table 1. Caspase-8 and caspase-9 activities of DLD-1 colorectal cell lines ex vivo before and after treatment

*Data are; †median (25th, 75th  percentiles); ‡Mann-Whitney U test was performed. ESFAM: ethanol-soluble fraction of A. muri-
cata water extract

DISCUSSION

The cytotoxic activity of different extracts of A. 
muricata leaves  have  been  assessed  against  
human  colorectal cancer cell lines COLO 205 
and  DLD-1.  There was a dose dependent manner 
in decreasing viable cells after treatment with 
ESFAM and Zirzak Orac (0.0625–2 mg/ml) for 
48 hours both in COLO 205 and  DLD-1 cell lines.  
ESFAM showed the lowest IC50 against DLD-1, 
while Zirzak Orac and ESFAM had the lowest IC50 
against COLO 205. 
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These findings are consistent with previous 
in vitro studies in demonstrating the cytotoxic 
activity of  the leaves  extracts, as well as its 
fractions,  against  colon adenocarcinoma (HT-
29) cell lines, pancreatic carcinoma cell (PACA-2),
prostate adenocarcinoma (PC-3), hepatoma cell 
lines Hep G2 clone 2,2,15 and  HeLa cell culture 
and T47D breast cancer cell lines.18-19 Ethanolic 
extract of the leaves from Colombia, Indonesia, 
and Taiwan showed inhibitory activities against 
Cells-MDBK, CA-Mammary-MCF-7, and HepG2 
clone 2,2,15 respectively. Ethanolic extract of 
the leaves from Borneo, Costa Rica, USA showed 
inhibitory activities against cell culture CA-9KB.11 
In vivo study in mice showed that annonacin 
inhibited the growth of the lung tumors during 
two-weeks period, it did not eradicate the tumors 
nor stop their growth in mice.

This study revealed the superiority of the extracts 
in vitro against colon cancer cells compared to 5-FU; 
and  consistent  with other  studies  showed  that 
acetogenins as well as the extract are more potent 
than the standard drugs (adriamycin, vincristine, 
and vinblastine).10-11 Data from previous study on 
colon cancer cell lines  suggested  that there were 
pathways for 5-FU resistance including altered 
regulation of nucleotide metabolism, amino acid 
metabolism, cytoskeleton organization, transport, 
and oxygen metabolism.20 The cytotoxicity of 
acetogenins has been shown to be stronger in 
tumorous than in normal cells.9 This study showed 
that ESFAM with the higher concentration of 
annonacin showed similar cytotoxicity against both 
types of cell lines.  

Study on caspase activity was conducted to 
determine the mechanisms of action of the 
cytotoxicity of A. muricata leaves extracts. 
Caspase-8 and caspase-9 activities were tested 
both in vitro and ex vivo on human colorectal cancer 
DLD-1 cell lines. Caspase-821 and caspase-917 were 
the most important regulator in DLD-1.

The activities  of both caspases tend to increase by 
induction of ESFAM and Zirzak Orac compared to 
5-FU and control cell in vitro. These results are in 
agreement with previous studies, where ethanolic 
extract of A. muricata induced apoptosis in the 
myelogenous leukemic K562 cell line through 
inducing caspase-3 activity and deoxynucleotidyl 
transferase-mediated dUTP nick-end labeling 
(TUNEL).22

This study was the first ex vivo study for A. 
muricata leaves extract that exposing CRC cell 
lines with patients serum after eight weeks 
treatment with ESFAM. The use of serum 
from patients supplemented with ESFAM was 
aimed to overcome the limitation in conducting 
bioavailability study, which was not currently 
possible due to uncertainty of bioactive 
compounds in the extract. In vitro study on ESFAM 
may reflect the effect of the extract against the 
cell tumor directly when it  passed  through  the 
tumor in colon, and ex vivo study using patients’ 
sera  represented  the effect of ESFAM  after  being 
absorbed  and entered the blood circulation.

The result of ex vivo caspase activity study is 
consistent with the in vitro study.  Patients’ serum 
from ESFAM group significantly increased the 
activity of caspase-9 compared to placebo group. 
On the contrary, patients’ serum from placebo 
group tended to decrease caspase-9 activity.

Annonaceous acetogenin has been shown 
previously inducing apoptosis in cancer cell lines 
by involving multiple pathways. The primary 
site of action of the acetogenins is complex I of 
the electron transport chain in mitochondria.10 
Acetogenins have also been shown being the 
potent inhibitors of NADH oxidase in plasma 
membranes of cancerous liver cells. Specifically, 
the bis-THF acetogenin bullatacin was shown to 
be a strong inhibitor of this enzyme in liver cancer 
cell; however, bullatacin showed no inhibition 
of the NADH oxidase against “normalized” liver 
cells.23  

The enhancement of caspase-9 activity in this 
study is consistent with the above studies where 
caspase-9 plays key role in intrinsic pathway, 
namely mitochondrial-mediated pathway. 
Patients’ serum induces cytotoxicity after 
consumption of A. muricata leaves extract most 
probably mediated through the effect of the 
extract in enhancing caspase-9 activity. 

Activity of caspase-8 in ex vivo study was 
contradictory with result of in vitro study, where 
caspase-8 activity tended to decrease instead 
of increase. This result may indicate that the 
pathway for apoptosis capacity is not through 
extrinsic pathway. The non-significant result  may 
also due to inadequate dose given to subjects, 
resulted in an  insufficient amount in the serum 
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to enhance the caspase-8  activity. It may also  due 
to low concentration of serum in the cell culture 
media, which  is only 10%. Number of caspase-8 
reseptor on DLD-1 cell lines may also contribute 
to this result. 

In conclusion, A. muricata leaves water extract 
and its ESFAM exhibited cytotoxic activities in 
colorectal cancer cells in vitro. ESFAM significantly 
induced caspase-9 activity of DLD-1 colorectal 
cancer cell line ex vivo using serum of colorectal 
cancer patients after eight weeks treatment with 
ESFAM.
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ABSTRAK

Latar belakang: Hipoksia plasenta menimbulkan stres 
oksidatif yang merusak protein  penaut kapiler. Penelitian ini 
bertujuan mengevaluasi perubahan ekspresi protein penaut 
endotel pada kondisi hipoksia dan melihat kaitannya dengan 
kejadian perdarahan intraventrikel.

Metode: Penelitian ini menggunakan plasenta bayi prematur 
(29 hipoksia dan 29 non hipoksia) sebagai model penilaian 
integritas vaskuler. Kadar hypoxia inducible factor (HIF)-1α 
diukur sebagai respons jaringan plasenta terhadap hipoksia, 
sedangkan malondialdehide (MDA) dan glutathion (GSH) 
diukur sebagai petanda stres oksidatif. Ekspresi protein 
penaut endotel (N-kaderin dan okludin) dinilai dengan 
imunohistokimia. Perdarahan intraventrikel dianalisis dengan 
ultrasonografi kepala pada hari ketiga. Uji t tidak berpasangan, 
uji Mann-Whitney dan uji kai kuadrat digunakan untuk 
menganalisis data secara statistik.

Hasil: Kadar HIF-1α dan MDA lebih tinggi {13,64±8,70 pg/
mg protein dan 10,31 pg/mg protein (rentang 1,92–93,61)} 
pada kelompok hipoksia dibandingkan kelompok non-hipoksia 
{10,65±5,35 pg/mg protein and 9,77 pmol/mg tissue (rentang 
2,42–93,31)}. Kadar GSH identik pada kedua kelompok {38,14 
(9,44–118,91) dan 38,47 (16,49–126,76) ng/mg protein  
(p=0,810). mRNA N-kaderin (0,13) dan okludin (0,096) lebih 
rendah pada kelompok hipoksia dibanding non-hipoksia 
(p=0,001). Ekspresi protein N-kaderin (3,4; 75,9; 6,9; 13,8 0%) 
dan okludin (20,7; 3,4; 69,0; 3,4; 6,9%)  pada kelompok hipoksia 
tidak berhubungan dengan perdarahan intraventrikel (p=0,783 
dan p=0,743).

Kesimpulan: Hipoksia plasenta menyebabkan perubahan 
ekspresi protein penaut endotel kapiler plasenta, tetapi tidak 
terbukti berhubungan dengan perdarahan intraventrikel.

ABSTRACT

Background: Placental hypoxia may lead to oxidative stress, 
which inflicts damage to capillary protein junction. The aim 
of this study was to evaluate altered expression of endothelial 
junction protein of capillaries in hypoxia condition and to 
observe its correlation with the incidence of  intraventricular 
hemorrhage in premature infants.

Methods: A cross-sectional study was conducted by using 
placental tissues of premature infants as amodel of capillary 
integrity (29 hypoxic and 29 non-hypoxic). Hypoxia 
inducible factor (HIF)-1α was measured to define placental 
tissue response to hypoxia; malondialdehyde (MDA) and 
glutathione (GSH) served as markers of oxidative stress. The 
expressions of junctional proteins, N-cadherin and occludin 
were analyzed by immunohistochemistry. Intraventricular 
hemorrhage (IVH) was detected by cranial ultrasound at the 
third day. Unpaired t test, Mann-Whitney, and Chi-square 
tests were used to analyze the data.

Results: The HIF-1α and MDA levels were slightly, but not 
significantly, higher in hypoxia group {13.64±8.70 pg/mg protein 
and 10.31 pmol/mg tissue (ranged 1.92–93.61), respectively}  
compared to non- hypoxia group {10.65±5.35 pg/mg protein 
and 9.77 pmol/mg tissue (ranged 2.42–93.31)}. GSH levels 
were not different in both groups (38.14 (ranged 9.44–118.91) 
and  38.47(ranged 16.49–126.76) ng/mg protein, respectively. 
mRNA expression of N-cadherin (0.13) and occludin (0.096) 
were significantly lower in hypoxia comparedto non-hypoxia 
group (p=0,001), while protein expression of  N-cadherin (3.4; 
75.9; 6.9; 13.8%) and occludin  (20.7; 3.4; 69.0; 3.4; 6.9%)  in 
hypoxia group was not associated with IVH (p=0.783 and 
p=0.743).

Conclusion: Hypoxia altered expression of endothelial 
junction protein in placental capillaries, but no association 
with intraventricular hemorrhage was observed.
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Placenta is a multifunctional organ delivering 
nutrition and oxygen needed by the fetus 
through maternofetal circulation by passing 
the maternofetal barrier.1 The barrier, contains 
several layers including the syncytiotrophoblast, 
cytotrophoblast, connective tissue derived 
from mesoderm, and a single layer of capillary 
endothelium.2,3 The capillary endothelial layers 
consist of endothelial cells connected each other 
by transmembrane junction proteins.4 There are 
two areas of junction, i.e. the tight junction and 
adherent junction. Occludin is one of proteins 
found in the tight junction, while N-cadherin is 
a protein contained in the adherent junction.4,5 
Those endothelial junction proteins have a 
function to control the  permeability of endothelial 
layer.4,6,7

 

Several conditions such as hypoxia may cause 
damage on endothelial junction. Hypoxia causes 
imbalance between oxidants and antioxidants 
known as the oxidative stress,8,9 which damages 
lipid, nucleic acids, protein, DNA and other cellular 
components, including the intercellular junction 
protein in the capillary endothelium.8,10–12 Any 
damage of endothelial junction protein will result 
in the development of intercellular endothelial 
gap that may lead to increased permeability of 
capillary endothelial layer and disrupts capillary 
function.4,13 

A study by Trollmann et al14 suggested that placenta 
hypoxia may indicate cerebral hypoxia distress in 
fetal rats, while another study evaluating hypoxia 
in premature infants found that cerebral hypoxia 
may become a predictor of the development of 
intraventricular hemorrhage.15 Intraventricular 
hemorrhage is a distinctive intracranial bleeding 
in premature infants caused by the increase in 
endothelial capillary permeability in the germinal 
matrix,16–18 an area in the brain which is only 
present in premature infants with gestational age 
of ≤36 weeks.5,16,19 The germinal matrix consists of 
a lot of capillaries containing a single endothelial 
layer. Just like maternofetal barrier in placenta, 
the blood brain barrier is constructed by capillary 
endothelial layers together with basal membrane 
containing pericytes, and perivascular astrocyte 
foot process.5,17 

Data from Harapan Kita Woman and Children 
Hospital, Jakarta, 2012 demonstrated that one 
third of premature newborn suffered from 

intraventricular hemorrhage, and one third have 
hypoxia.

The aim of our study was to evaluate altered 
expression of endothelial junction protein of  
capillaries in hypoxia condition in premature 
infants and to observe its correlation with 
permeability changes, as well as the occurrence 
of  intraventricular hemorrhage in premature 
infants. Due to limitation in obtaining brain 
specimens of premature infants, our study used 
placenta tissues as specimens of our samples. 
 

METHODS

This was an observational cross-sectional 
study, conducted at the Molecular Laboratory 
for Oxidative Stress Studies, Department of 
Biochemistry; Molecular Biology Laboratory 
of Department of Physiology; and Department 
of Histology Faculty of Medicine, Universitas 
Indonesia, between January 2013 and December 
2014. 

The samples derived from placental tissue 
specimens obtained from premature infant born 
at Budi Kemuliaan and Harapan Kita Woman and 
Children Hospitals, Jakarta. The inclusion criteria 
were placental tissues of premature infants with 
gestational age of ≤36 weeks.  

Specimens were grouped according to hypoxia 
(venous oxygen saturation <60%) and non-
hypoxia group (venous oxygen saturation >60%). 
Placental tissues of infants with congenital defects 
were excluded. 

Sample size was calculated using two proportions 
hypothesis test for two independent groups. 

n1 = n2 =  (Zα √2pq  + Zβ √p1q1 + p2q2)2 

                (p1 – p2)2 

          √       √            
         

By taking p1 value 0.67 and p2 value 0.33, and the 
power β of 80%, a minimum of 33 samples were 
needed in each group.

Placental hypoxia was determined based on 
umbilical vein saturation measured by blood gas 
analysis.20 Intraventricular hemorrhage (IVH) was 
detected using cranial ultrasound on the third 
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day. The protocol of the study has been approved 
by The Research Ethic Committee of the Faculty 
of Medicine, Universitas Indonesia (No.16/H2.F/
ETIK/2013). 

ELISA technique for detecting HIF-1α protein 
level 
Hypoxia inducible factor (HIF-1α) was measured 
using an enzyme-linked immunosorbent assay 
(ELISA) kit Cusabio. The microplate provided in this 
kit was pre-coated with an antibody spesific for HIF-
1α. Standards or samples were added to microplate 
wells, added with a biotin-conjugated antibody 
preparation spesific for HIF-1α. Subsequently, 
horseradish peroxidase (HRP)-avidin was added 
to each microplate well followed by tetramethyl 
benzidine (TMB) substrate solution. Only the wells 
that contained HIF-1α, biotin-conjugated antibody, 
and enzyme-conjugated avidin would exhibit the 
change in color. The enzyme-substrate reaction 
was terminated by addition of  stop solution,  and 
color change was measured by ELISA reader at  λ 
of 450 nm. 

Wills method of placental MDA measurement
About 100mg of placental tissue in 1 ml of PBS at 
pH 7.0 was homogenized using micropestel and 
microtube.  Subsequently, 200 µL of 20% trichloro 
acetic acid  (TCA) was added into 50 µL of placental 
homogenate to induce protein precipitation and 
then treated with centrifugation with the speed of 
5,000 g for 10 minutes. Supernatant was removed 
and 400 µL thiobarbituric acid (TBA) was added. 
After boiling for 10 minutes in water bath, the 
absorbance was measured at λ 530 nm.21

 
Ellman method of placental GSH measurement
Gluthation peroxidase (GSH) level was measured 
from 50 mL of placental homogenate in phosphate 
buffer at  pH 8.0 which was added with 200 μL of 5% 
TCA for protein precipitation. After centrifugation 
with 5,000 g for 10 minutes, 25 mL of dithio-
bisnitrobenzoate (DTNB) solution was added to 
the supernatant of placental homogenate and 
incubated for one hour. Absorbance was measured 
at l = 412 nm. The level of GSH was measured as μg 
GSH/mg placental protein. The level of placental 
protein was calculated using the curve of standard 
bovine serum albumin (BSA) solution.22

Histomorphology of placental vascular tissue
Placental  tissue was immersed in cold 0.9% 
NaCl, and cut in  3-5 mm thickness. After fixation, 

dehydration, clearing and embedding, then it 
was cut into sections with microtome in 4-5 µm 
thickness. Hematoxylin eosin staining was used 
for histomorphology analysis and the specimens 
were observed under light microscope. Evaluation 
was performed using modification of Moenadjat24 
scoring system with a score of 1-3. Score 1: 
nuclei are not located in a single line, endothelial 
layer is not intact. Score 2: nuclei are located in 
a single line, endothelial layer is not intact, and 
score 3: nuclei are located in a single line, intact 
endothelial layer.23

Immunohistochemistry of N-cadherin and 
occludin detection
We performed deparafinization, dehydration, 
washing, addition of peroxidase blocking 
solution, washing, then incubate by N-cadherin 
and occludin primary antibodies with the ratio 
of 1:25. Incubation was continued by adding 
secondary antibody (novolink polymer). 
3,3’-diaminobenzidine (DAB) solution was added 
to the specimen and then  counterstained by 
incubating them in hematoxylin solution. The 
specimens were observed under light microscope. 
This assay examined the distribution and color 
intensity of the fine granules of N-cadherin 
and occludin. Evaluation was performed using 
modification of Moenadjat scoring with a score of 
1-5.24 

According to the Moenadjat24 modification 
scoring, score 1: the distribution of N-cadherin/
occludin molecule did not show color intensity. 
Score 2: the distribution of N-cadherin/occludin 
molecule was not homogenous on the wall, or 
cytoplasm of endothelium attached to basal 
membrane with moderate or weak intensity. 
Score 3: the distribution of N-cadherin/occludin 
molecule was homogenous on the wall, or 
cytoplasm of endothelium attached to basal 
membrane with moderate or weak intensity. 
Score 4: the distribution of N-cadherin/occludin 
molecule was not homogenous on the wall, or 
cytoplasm of endothelium attached to basal 
membrane with strong intensity. Score 5: the 
distribution of N-cadherin/occludin molecule 
was homogenous on the wall, or cytoplasm of 
endothelium attached to basal membrane with 
strong intensity.

RNA isolation and RT-qPCR technique for 
detecting mRNA of N-cadherin and occludin
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Parameters Hypoxia (n=29) Non-hypoxia (n=29) p
Oxygen saturation (%) 46.30 (20–59.9) 80.10 (60.90–98.70) 0.010*

HIF-1α (pg/mg protein) 13.64±8.70 10.65±5.35 0.122
MDA (pmol/mg tissue) 10.31 (1.92–93.61) 9.77 (2.42–93.31) 0.414
GSH (ng/mg protein) 38.14 (9.44–118.91) 38.47 (16.49–126.76) 0.810
mRNA N-cadherin expression 0.13 1 0.001†

mRNA occludin expression 0.096 1 0.001†

Intraventricular hemorrhage 7 (24.14%) 7 (24.14%) 0.620

Table 1. Comparison between hypoxia parameter indicators in the placental tissue of hypoxic and non-hypoxic preterm infants

*Mann-Whitney; †chi-square; HIF-1α: hypoxia inducible factor -1α; MDA: malondialdehyde; GSH: gluthation peroxidase 
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Total mRNA samples were obtained from 
isolated placental tissue using the Rneasy mini 
kit  (Qiagen). RNA concentration was determined 
using a NanoDrop 2000 (ThermoScientific). 
Real-time reverse transcriptase –q polymerase 
chain reaction (RT-qPCR) was performed 
using Rotor Gene Q-5plex (Qiagen) with 
QuantiTect SYBR Green RT PCR kit (Qiagen) 
one step method. rRNA 18S gene was used as 
internal control. The sequence of N-cadherin 
and occludin and 18S were obtained from 
National Center for Biotechnology Information 
(NCBI)-Gene bank. The primers of N-cadherin: 
forward 5’-TTCGGGTAATCCTCCCAAATC-3’, 
reverse 5’-CACAATCCTGTCCACATCT-3’, 
product 98 bp. The primers of occludin: 
forward 5’-TAACTTCGCCTGTGGATGAC-3’, 
reverse 5’-CTCTTTGACCTTCCTGCTCTT-3’,  
product 109 bp. The primers of 18S: forward 
5’-CACGGACAGGATTGACAGATT-3’, reverse 
5’-GCCAGAGTCTCGTTCGTTATC-3’, product 119 
bp.  The protocol for real-time RT-qPCR were: a 
single cycle of reverse transcription at 50°C for 
30 minutes, a single initial denaturation  (95°C, 
15 minutes), 40 cycles of denaturation (94°C, 
15 seconds), annealing  (57°C, 15 seconds) and 
extension  (72°C, 30 seconds) and a single cycle of 
final extension (72°C, three minutes), which was 
continued with melt curve (at a range temperature 
of 72°–95°C and increasing 0.5°C for each cycle, 
wait for two seconds, and do the Aquire to melt 
A on green one time. Real-time RT-qPCR data was 
calculated according to Livak method.

Statistical analysis  
The levels of HIF-1α were compared with 
unpaired t test. Oxygen venous saturation, level 
of MDA, GSH, IVH, and relative ratio mRNA 
were compared by Mann Whitney test. Protein 

expression and association between protein 
expression with intra ventricular hemorrhage 
were analyzed by using Chi-square test. 

RESULTS

Twenty nine placentas of preterm infants in 
both groups have been colected and used for 
measurement of study parameters. Oxygen 
saturation of umbilical vein in hypoxic group 
{46.30% (range 20.0 to 59.9%)} was significantly 
lower than that of non-hypoxia group {80.10% 
(range 60.9% to 98.7%)}, p=0.001). The mean 
value of HIF-1α protein level in placenta of 
hypoxic group was slightly, but not significantly 
higher than in non-hypoxia group (p=0.122). The 
same phenomenon was also observed for MDA 
(p=0.414) and GSH (p=0.810) levels. By using the 
Livak method, we found that the relative mRNA 
expression of N-cadherin in hypoxia group was 
significantly weaker than those in the non-hypoxia 
group (0.13 vs 1, p=0.001); and the relative mRNA 
expression of occludin in hypoxia group was also 
significantly weaker compared to non-hypoxia 
group (0.096 vs 1, p=0.001). (See Table 1). 

Using modification score of Moenadjat24 we 
found that the endothelial layer of placental 
capillary in hypoxia group was more intacts than 
in non-hypoxia group, although the difference 
was not statistically significant (p=0.066). 
Immunohistochemistry of N-cadherin expression 
in hypoxia group was significantly weaker than 
those in non hypoxia group (p=0.001), as well as 
occludin (p=0.001) (Table 2). 

Histomorphology of placental capillary 
endothelial demonstrated that intact basal 
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Parameters Hypoxia
(n=29)

Non-hypoxia
(n=29) p*

Histomorphology 0.066
Score 1 (%) 17.2 3.4
Score 2 (%) 34.5 20.7
Score 3 (%) 49.3 75.9

N-cadherin expression 0.001
Score 1 (%) 3.4 0
Score 2 (%) 75.9 13.8
Score 3 (%) 6.9 20.7
Score 4 (%) 13.8 41.4
Score 5 (%) 0 21.4

Occludin expression 0.001
Score 1 (%) 20.7 3.4
Score 2 (%) 3.4 20.7
Score 3 (%) 69.0 44.8
Score 4 (%) 3.4 20.7
Score 5 (%) 6.9 10.3

Table 2. Comparison between histomorphology an immuno-
histochemistry parameters in the placental tissue of hypoxic 
and non-hypoxic preterm infants

* Chi square test
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Figure 1.  Histomorphology of placental capillary endothe-
lial layer HE staining, 40x magnification. Panel A: intact basal 
membrane and endothelial cells are tightly attached to the 
basal membrane in non-hypoxia group; Panel B: basal mem-
brane is not intact and some of endothelial cells are not tight-
ly attached to the basal membrane in hypoxia group
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membrane and endothelial cells weare tightly 
attached to the basal membrane in non-hypoxia 
group. In contrast, basal membrane was not intact 
and some of endothelial cells were not tightly 
attached to the basal membrane in hypoxia group 
(Figure 1).

The expression of N-cadherin protein on 
endothelial layer of placental capillary showed 
an intact basal membrane and endothelial cells 
attached tightly to basal membrane in non-
hypoxic group; while on hypoxia group, an 
incomplete basal membrane could be detected 
with some of endothelial cells not tightly attached 
to basal membrane (Figure 2). 

Figure 3 shows the expression of occludin protein 
on endothelial layer of placental capillary. The 
complete basal membrane with endothelial cells 
attached tightly to basal membrane was seen in 
non-hypoxic group, while a thin layer of basal 
membrane was seen in hypoxic group (Figure 3). 

In the present study, intraventricular hemorrhage 
occurred in seven out of newborn in hypoxia and 
non-hypoxia group.

DISCUSSION

In the present study, we have tried to evaluate 
the role of HIF-1α and oxidative stress in the 
regulation of vascular integrity of umbilical 
vein using placental tissue of hypoxic and 
non-hypoxic preterm infants. This was done 
in an attempt to explain the phenomenon of 
intraventricular hemorrhage of preterm infants. 
mRNA relative expression and protein expression 
of N-cadherin and occludin, the proteins that 
maintain the integrity of capillary, was also 
evaluated. In addition, visualization of vascular 
integrity was also done by histomorphology and 
immunohistochemistry methods.
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Figure 2. The expression of N-cadherin protein on endothe-
lial layer of placental capillary, 40X magnification. A)  positive 
control;  B) negative control; C) non-hypoxia specimens; D) 
hypoxia specimens. Primary antibody: anti-N-cadherin anti-
body mouse monoclonal to N-cadherin; secondary antibody: 
novolink polymer. There are complete basal membrane and 
endothelial cells attached tightly to basal membrane in panel 
A and C; while on panel B and D, there are incomplete basal 
membrane and some of endothelial cells are not tightly at-
tached to basal membrane
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Figure 3. The expression of occludin protein on endothelial 
layer of placental capillary using light microscope with 40x 
magnification. Primary antibody: anti-occludin antibody 
rabbit polyclonal to occludin; secondary antibody: novolink 
polymer. A) positive control; B) negative control; C) non-
hypoxia specimens; D) hypoxia specimens. There are com-
plete basal membrane and endothelial cells attached tightly 
to basal membrane in panel A and C; while on the contrary, 
there is a thin layer of basal membrane in panel B and D
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Response of placental tissue to hypoxia was 
indicated by the higher level of HIF-1α in hypoxia 
group compared to non-hypoxia group, although 
no significant difference was observed between the 
two groups. The mechanism of HIF-1α regulation by 
reactive oxygen species (ROS) in oxidative stress has 
not been fully understood. However, ROS probably 
induces HIF-1α accumulation by inhibiting its 
degradation, and even activating its transcription 
through adenosine monophosphate (AMP) kinase-
dependent mechanism. The regulation of HIF-
1α by monophosphate-activated protein kinase 
(AMPK) as a response to ROS occurs through c-jun 
terminal kinase and Janus kinase pathways.25 The 
results of our study are consistent with the general 
characteristics of increased HIF-1α level in various 
tissues as have been shown by other studies.15,26–28 

Increased mitochondrial ROS can induce various 
pathways of signal transduction that may lead to 
gene expression. ROS can activate tyrosine kinase 
receptor or inhibit phosphatase protein or activate 
mitogen activated protein kinase (MAPK) pathway, 
phospholipase CY (PLCϒ), protein kinase-C (PKC) 
and then activate transcription factors and target 
gene expression, including HIF-1α.27 

 

Oxidative stress occurred in hypoxic placenta can 
be detected by measuring the level of MDA, which 
is a product of basal membrane lipid peroxidation 

process,10,11 and by measuring the endogenous 
antioxidant, GSH level.29,30 In our study, the MDA 
level was higher in hypoxia group compared to 
non-hypoxia group, and the GSH level was lower, 
indicating that oxidative stress has been occured 
in hypoxia condition, although the difference was 
not statistically significant.  

Junction proteins of capillary endothelium can 
be directly impaired by free radicals produced 
by hypoxia or through signal transduction.31 

Protein damage in the endothelial layer of 
placental capillary directly produces carbonyl 
compounds.8,31,32 In our study, impaired 
endothelial protein junction of placental capillary 
was indicated by the significantly weaker 
expression of endothelial junction protein in 
hypoxia group compared to non-hypoxia group. 
Lower expression of endothelial junction protein 
in placental capillary may cause the development 
of intercellular gap among endothelial cells, which 
increases the permeability of placental capillary 
endothelial layer.31 Oxidative stress due to hypoxia 
may cause reduced N-cadherin expression, either 
at protein or mRNA level. Theoretically, H2O2 
initially activates tyrosine kinase and reduces 
the activity of cadherin/catenin phosphatase. 
Long-term exposure of H2O2 (24–48 hours or 
more) may inhibit phosphorylation p38 of 
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MAPK families since the exposure of H2O2 may 
cause downstream of N-cadherin expression.33,34 

Oxidative stress due to hypoxia may also explain 
lower expression of occludin junction protein, both 
at protein and mRNA level. Activation of myosin 
light chain kinase (MLCK) and it subsequent 
phosphorylation product, the myosin light chain 
(MLC), might have the role in the lower expression 
of endothelial occludin junctional protein, which 
may lead to lower occludin expression,35 as as 
well as lower relative occludin mRNA expression 
as demonstrated by the significantly lower 
expression of occludin protein expression and 
its relative mRNA in hypoxia group compared to 
non-hypoxia group of the present study. 

The trend of lower protein expression and 
occludin relative mRNA expression might be 
related to reduced adenosine triphosphate (ATP) 
production during hypoxia, which subsequently 
inhibited phosphorylation, leading to further 
downstream of occludin expression, both at 
protein and mRNA level. Phosphokinase C, which 
is activated during hypoxia, can also reduce 
occludin and threonine phosphorylation, which 
lead to less tight junction between occludin 
and actin, and ultimately results in changes of 
molecular conformation.36 

However, histomorphology analysis with 
hematoxylin-eosin (HE) staining, did not show 
any significant difference of endothelial integrity 
of placental capillary between the hypoxia and 
non-hypoxia group.  Hypoxia may induce capillary 
fragility or interruption of  cerebral blood flow 
which can destroy capillary endothelial  junctional 
protein,17 and the increase risk of IVH can be 
expected. However, this study revealed that the 
incidence of intraventricular hemorrhage was 
not different between hypoxia and non-hypoxia, 
although the expresssion of junctional proteins, 
N-cadherin, and occludin, were significantly lower 
in hypoxia group. Explanation of this discrepancy 
was not fully understood. But, some mechanisms 
could be proposed. First, it is possible that the 
decrease of junctional protein expression was not 
sufficiently low to disrupt endothelial integrity. 
Secondly, the structural difference between the 
placental barrier and blood brain barrier might 
have resulted in different resistance. Blood 
brain barrier is rich of perivascular astrocytes 
foot process rendering smaller gap between its 
endothelial cells.3,5,7,17 In addition, other factors 

than hypoxia may have contributes in the 
occurence of IVH.17 

In conclusion, placental hypoxia in premature 
infants in our study was associated with lower 
expression of endothelial protein junction of 
capillary placenta and may cause changes of 
placental capillary permeability. The changes of 
capillary placental protein expression did not 
correlate with intraventricular hemorrhage.
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ABSTRAK

Latar belakang: Kelainan jantung merupakan komplikasi 
yang sering terjadi pada anemia sel sabit (sickle cell). 
Bila terjadi bersamaan dengan kelainan paru, maka akan 
meningkatkan angka kematian. Namun pada sickle cell trait 
(SCT) umumnya tampilan klinis nomal, walaupun ada kelainan 
genetik. Penelitian ini bertujuan mempelajari hubungan SCT 
dengan faktor prognostik kardiovaskular dengan mengukur 
kadar kolesterol HDL, LDL, kreatin kinase jantung (CK-MB), 
C-reactive protein ultra sensitif (usCRP), homosistein (Hyc), 
dan N-terminal pro-brain natriuretic peptide (NT-pro BNP), 
pada bangsa Sudan dewasa penyandang sickle cell trait.

Metode: Suatu studi potong lintang dilakukan pada 200 
penyandang SCT dan 200 dewasa sehat sebagai kontrol. Studi 
ini dilakukan di Khartoum Specialized Hospital, Al-Bayan 
Hospital, Obayed Clinical Center, dan Dr. Nadir Specialized 
Hospital, Sudan antara Januari 2015 dan Januari 2016. 
Seluruh subjek berusia antara 20–32 tahun. LDL -C, HDL-C, CK-
MB, NT-pro BNP dan usCRP diukur degan alat analisis kimia 
otomatis Hitachi 912 (Roche Diagnostic, Jerman), sedangkan 
homosistein diukur dengan metode ELISA menggunakan kit 
spesial.

Hasil: Kadar LDL-C, hsCRP, dan NT-proBNP lebih tinggi 
secara bermakna pada kelompok sickle cell trait (p<0,001), 
sedangkan homosistein dan CK-MB lebih tinggi, namun tidak 
bermakna (p=0,069, dan p=0,054). Sebaliknya, HDL-C pada 
kelompok SCT lebih rendah dibanding kontrol, namun secara 
statistik tidak bermakna.

Kesimpulan: Sickle cell trait berkaitan dengan meningkatnya 
faktor risiko kardiovaskuler.

ABSTRACT

Background: Cardiac dysfunctions have been recognized 
as a common complication of sickle cell anaemia (SCA), and 
together with pulmonary disorder accounts for many deaths 
in these patients. However, sickle cell traits appear clinically 
normal, although they have genetic abnormality. The aim of 
this study was to assess the effect of sickle cell trait on cardiac 
prognostic markers by measuring high density lipoprotein 
(HDL-C), low density lipoprotein (LDL-C), cardiac creatine 
kinase (CK-MB), ultra-sensitive C reactive protein (us-
CRP), total homocysteine (Hyc), and N-terminal pro-brain 
natriuretic peptide (NT-pro BNP) tests in adult Sudanese 
patients with sickle cell trait.

Methods: A cross-sectional study was performed in 200 
healthy volunteers as a control group and 200 diagnosed 
patients with sickle cell trait. It was carried out in Khartoum 
Specialized Hospital, Al-Bayan Hospital, Obayed Clinical 
Center and Dr. Nadir Specialized Hospital, Sudan between 
January 2015 and January 2016. All participants were 
between 20-32 years old. LDL-C, HDL-C, CK-MB, NT-proBNP 
and hs-CRP concentrations were measured by Hitachi 912 
full-automated Chemistry Analyzer (Roche Diagnostics, 
Germany) as manufacturer procedure, while homocysteine 
level was measured by ELISA technique using special kit.

Results: When compared to control group, the levels of 
LDL-C, hs-CRP and NT-proBNP revealed significant increase 
in patients’ sera (p<0.001), while Hyc and CK-MB levels 
were increased insignificantly in patients with SCT (p=0.069, 
p=0.054 respectively). On the other hand, comparison to 
control group, HDL-C showed insignificant reduction in 
patients (p=0.099).

Conclusion: The results suggest that sickle cell trait 
increased the risk of patient-related complication secondary 
to cardiac dysfunction.

http://dx.doi.org/10.13181/mji.v25i3.1412
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Sicklemia or sickle cell anemia (SCA) includes 
a group of hematological diseases that are 
autosomal recessive inherited that includes 
several genotypes, with a prevalence of 
hemoglobin S (Hb S).1 Adults with SCA express 
both systolic and diastolic cardiac disorder; 
however the age of violation of dysfunction 
has not been defined.2 A few estimates suggest 
that in excess of 300,000 children are born 
annually with either SCA or one of its variants 
or one form of thalassemia.3 Hb S differs from 
adult hemoglobin A (Hb A) and is created by 
substitution of one amino acid in the β-globin 
gene at 6th position (HBB c.20A>T; p.Glu6-
Val).4 World Health Organization (WHO) 
estimates that 70% of deaths are avoidable 
by putting in place “preventive” measures.5 
Between ages 20 and 30 years old, they have 
renal impairment, pulmonary hypertension, 
reducing osteonecrosis, retinopathy, leg ulcers, 
and pain disaster; and at age above 30 years 
old, they have renal failure and congestive 
heart failure.6

Persons who are heterozygous and have Hb 
S usually do not show symptoms but the 
homozygous patients having Hb S (SS) show 
symptoms of sickle cell disease (SCD) that 
includes persistent pain, obstructive blood 
vessel, and inflammation and these symptoms 
cause high mortality rates in countries with 
low-income.7 The sickle cell trait (SCT) is 
inherited through a sickle cell gene from either 
parent while the SCD is inherited from two 
sickle cell genes, one from each of the parent. 
The symptoms appear in patients with SCD 
because they have a kind of Hb S that converts 
normal red blood cells into sickle shapes, 
the symptoms do not appear in SCT patients 
because these patients have both normal Hb 
A and Hb S. The children of SCT patients can 
inherit the sickle cell gene.8 Persons with SCT 
usually do not suffer from symptoms of SCD 
and live their life normally, but they can inherit 
the normal gene from one parent (A) and sickle 
cell (S) gene (AS)  to their babies.9

Sickle cell trait as well as chronic anemia can 
lead to heart dysfunction. Young SCA patients 
have left ventricular hypertrophy, so they need 
cardiac assessment.10 Cardiac remodeling is one 
feature of SCA but for SCT it falls under some 
suspicions.11

This study was envisaged to determine the 
effects of sickle cell trait on some diagnostic and 
prognostic biomarkers used for heart problems 
by measuring high density lipoprotein (HDL-C), 
low density lipoprotein (LDL-C), cardiac creatine 
kinase (CK-MB), ultra-sensitive C reactive 
protein (us-CRP), total homocysteine (Hyc) and 
N-terminal pro-brain natriuretic peptide (NT-
proBNP).

METHODS

This cross-sectional study was carried out 
in Khartoum Specialized Hospital, Al-Bayan 
Hospital, Obayed Clinical Center and Dr. Nadir 
Specialized Hospital, Sudan. The study was 
carried out between January 2015 and January 
2016. 

Sample size
The study included 400 participants, 200 were 
already diagnosed patients with SCT and 200 
were normal healthy volunteers as a control 
group. All participants were between 20–32 
years old during the time of collection and 
all were in normal body mass index (BMI) to 
avoid confounding influence of weight in the 
results. Patients on drugs therapy that can affect 
estimation and/or those with heart and patients 
who refused to participate were excluded from 
the study. 

Sampling
All the participants signed an informed consent. 
Data concerning patients and their health 
information (such as age, tall, weight, health 
condition, sickle cell disease complications and 
duration) were obtained using a questionnaire. 
The ethical committee of Omdurman Islamic 
University approved the study (No. OIU/resMLS/
CCH/53 A).

The patients were asked to fast 8–10 hours 
before the blood test. Six milliliters of blood 
through venepuncture was collected from each 
patient in serum separator tube (SST). The serum 
separation was done after centrifugation at 
3,000 rpm for five minutes. The serum then was 
assayed for LDL-C, HDL-C, CK-MB, NT-proBNP 
and high sensitivity C-reactive protein (hs-CRP) 
by using commercially available kits-Roche/
Hitachi cobas systems (Roche Diagnostics, 
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Germany) as manufacturer procedure. Serum 
homocysteine was measured using a special 
kit and ELISA method using AXIS-SHIELD kit 
(England).12

Statistical analysis
The results were compared between sickle cell 
trait patients with control. The statistical package 
for social sciences (SPSS) was used. Statistical 
analysis by student t test with p<0.05 considered 
the significance.

RESULTS

The results of control (n=200) and SCT patient 
(n=200) groups those were age and BMI matched 
(p=0.115, 0.204, respectively) were showed in 
Table 1. The levels of LDL-C (143.21±22.93 mg/dL), 
hs-CRP (56.61±18.47 mg/L), and NT-proBNP 
(364.09±38.12 pg/mL) were significantly 
elevated in SCT patients’ sera (p<0.001) when 
compared to control group (108.66±21.70 mg/
dL; 35.50±2.15 mg/L, and 219.55±25.37 pg/mL 
respectively). 

The Hyc (6.47±2.08μmol/L) and CK-MB 
(3.318±1.74 ng/mL) levels were insignificantly 
modified in SCT patients (p=0.069, 0.054 
respectively) when compared to control group 
(4.92±1.77 μmol/L, 2.944±1.00 ng/mL). 

Groups Control Patients p
Number 200 200 N/A
Age (years) 26.25±5.25 29.50±5.50 0.115
BMI (kg/m2) 22.30±1.05 23.57±3.41 0.204
LDL-C (mg/dL) 108.66±21.70 143.21±22.93 <0.001
HDL-C (mg/dL) 46.67±8.13 43.45±17.16 0.099
us-CRP (mg/L) 35.50±2.15 56.61±18.47 <0.001
Hyc (μmol/L) 4.92±1.77 6.47±2.08 0.069
CKMB (ng/mL) 2.944±1.00 3.318±1.74 0.054
NT-proBNP 
(pg/mL) 219.55±25.37 364.09±38.12 <0.001

Table1. Comparison of cardiac function tests levels between 
control and sickle cell trait patients: (mean ± SD)

BMI: body mass index; LDL-C: low density lipoprotein; 
HDL-C: high density lipoprotein; us-CRP: ultra-sensitive C 
reactive protein; Hyc: total homocysteine; CKMB: cardiac 
creatine kinase; NT-pro BNP: N-terminal pro brain natri-
uretic peptide

The HDL-C (43.45±17.16 mg/dL) levels were 
low in SCT patients when compared to control 
group (46.67±8.13 mg/dL) but the results were 
insignificant (p=0.099).

DISCUSSION

Sickle cell trait patients have normal concentration 
of hemoglobin with normal red blood cells count 
unlike patients with sickle cell disease. The 
hemoglobin electrophoresis or high performance 
liquid chromatography is commonly used 
diagnosis of SCT. Of the total hemoglobin, around 
50-60% is Hb A and sickle 35–45%.13

In the present study, there were significant high 
levels of serum LDL-C (p<0.001) in SCT patients 
(143.21±22.93 mg/dL) com pared to controls 
(108.66±21.70 mg/dL). Otherwise, HDL-C 
showed insignificant reduction (p=0.099) in 
patients (43.45±17.16 mg/dL) when compared 
to control (46.67±8.13 mg/dL). Many studies 
showed positive associations between SCA 
(not SCT) and lipid alterations. Rahimi et al14 
re ported that the LDL-C and total cholesterol 
levels in SCD subjects were significantly 
reduced. Also, Galvão et al15 affirmed the 
differences between patients and healthy 
persons but without specifying the type of lipid 
and the type of SCA. 

Furthermore, in this study, the mean level of 
us-CRP was increased significantly (p<0.001) 
in serum of SCT patient (56.61±18.47 mg/L) 
compared to control group (35.50±2.15 mg/L). 
Our results call attention to indirectly protective 
role of us-CRP in sickle cell trait leading to 
increase level in serum.  Regardless of age, our 
results were in line with the report of Krishnan 
et al16 whose report included children with 
chest pain; further, these results were coincided 
with the results of Okocha et al17 despite they 
conducted only Hb SS. 

The results of serum NT-proBNP need more 
concern in this study, whereas the NT-proBNP 
levels showed highly significant increase (p<0.001) 
in patients with sickle trait (364.09±38.12 pg/mL) 
when compared to control (219.55±25.37 pg/mL). 
According to the report of Machado et al,18 high 
results of NT-proBNP indicate heart remodeling 
with the level of BNP or NT-proBNP in the blood 
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directly related to its severity. Ndumele et al19 
also reported that increased NT-proBNP values 
are predicting congestive heart failure in adults 
less than 50 years of age. Accordingly, SCT patient 
might be suffer from cardiac remodeling although 
the asymptomatic condition.

Aside from that, Hyc level was found to be 
insignificantly higher (p=0.069) in patients 
with sickle cell trait (4.92±1.77 μmol/L) when 
compared to control group (6.47±2.08 μmol/L). 
The same pattern in the present study was found 
in the serum level of CK-MB, that was exhibited 
as insignificantly elevated (p=0.054) in patients 
(3.318±1.74 ng/mL) when compared to control 
(2.944±1.00 ng/mL). The report of Ali et al20 
clarified that elevation of Hyc is not commonly 
found in sickle cell trait; but if found high that 
may indicate meningeal vessel thrombosis. Nnadi 
et al21 stated that creatine kinase test in sickle cell 
anemia is sensitive for muscular disorder due to 
sickling particularly in vaso-occlusive crisis more 
than cardiac disorders.

The significant elevation of serum levels of 
NT-proBNP, us-CRP, and LDL-C in patient with 
sickle cell trait synchronously with normal Hyc, 
CK-MB, and HDL-C documenting that in spite of 
patients do not suffer from heart dysfunctions, 
but the sickle cell trait may lead to heart failure 
in future.
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ABSTRAK

Latar belakang: Neutropenia merupakan salah satu efek 
samping dari pengobatan kemoterapi kanker payudara yang 
sering dijumpai. Kejadian neutropenia ini menyebabkan pasien 
berisiko untuk terkena infeksi dan mengakibatkan penundaan 
kemoterapi. Tujuan dari penelitian ini adalah mencari hubungan 
polimorfisme ATP-binding cassette sub-family B member 1 
(ABCB1) C3435T dengan derajat neutropenia pada pasien kanker 
payudara yang diterapi dengan regimen yang mengandung 
doksorubisin-taksan.

Metode: 72 perempuan Indonesia yang didiagnosis kanker 
payudara dan mendapat kemoterapi mengandung regimen 
doksorubisin-paklitaksel di Rumah Sakit Umum Pusat Haji 
Adam Malik Medan diikutsertakan pada penelitian kohort ini. 
DNA sampel diekstraksi dari leukosit perifer dan pemeriksaan 
polimorfisme ABCB1 C3435T dianalisis dengan metode PCR-
RFLP. Data karakteristik pasien dan neutropenia dilihat dari data 
rekam medis. Data pasien diambil selama 3 siklus kemoterapi. 
Uji Kruskal Wallis digunakan untuk menganalisis hubungan 
polimorfisme ABCB1 C3435T dengan derajat neutropenia 
pasca-siklus kemoterapi I-III. Uji Wilcoxon digunakan untuk 
menganalisis kecenderungan penurunan jumlah neutrofil 
absolut selama 3 siklus kemoterapi. Distribusi frekuensi genotipe 
dan alel ditentukan dengan Hardy-Weinberg Equilibrium.

Hasil: Proporsi ABCB1 C3435T wildtype (CC) sebesar 
22 (30,6%), heterozigot varian sebesar 38 (52,8%) dan 
homozigot varian sebesar 12 (16,7%). Tidak ditemukan 
hubungan polimorfisme ABCB1 C3435T dengan derajat 
neutropenia (p>0,05). Terdapat perbedaan rerata jumlah 
neutrofil absolut antara periode setelah kemoterapi I, dan III 
(p<0,05), tidak ada penyimpangan frekuensi genotipe dan alel 
yang signifikan terhadap Hardy-Weinberg Equilibrium.

Kesimpulan: Polimorfisme ABCB1 C3435T tidak berhubungan 
dengan derajat neutropenia pada pasien kanker payudara yang 
mendapat kemoterapi mengandung doksorubisin-paklitaksel 
namun dijumpai kecenderungan penurunan jumlah neutrofil 
absolut selama pemberian 3 siklus kemoterapi.

ABSTRACT

Background: Neutropenia is the most common adverse 
event of breast cancer chemotherapy which can be life 
threatening due to opportunistic infection, neutropenic 
episodes may lead to delay or reduction of drug doses which 
may compromise treatment outcomes. In this study, we 
investigated the association of ATP-binding cassette sub-
family B member 1 (ABCB1) gene C3435T polymorphism 
with the grading of neutropenia in breast cancer patients 
who treated with doxorubicin-taxan.

Methods: 72 Indonesian female breast cancer patients 
from Haji Adam Malik Hospital who had been diagnosed 
and treated with doxorubicin-taxane regimen were selected 
for this cohort study. DNA was extracted from peripheral 
leucocytes and ABCB1 C3435T polymorphism was analyzed 
with PCR-RFLP. Patient data were collected from patient’s 
medical record for 3 cycles of chemotherapy. Association 
between ABCB1 C3435T polymorphism with neutropenia 
was assessed using Kruskal-Wallis test. Decline of absolute 
neutrophil count was assessed using Wilcoxon test. Genotype 
deviation and allele frequencies were also determined by 
Hardy-Weinberg Equilibrium.

Results: The frequencies of ABCB1 C3435T genotype 
for wildtype (CC), heterozygous (CT) and homozygous 
mutant (TT) was 22 (30.6%), 38 (52.8%) and 12 (16.7%) 
respectively. No association were found between ABCB1 
C3435T polymorphism and the grading of neutropenia 
(p>0.05). There was a difference on the average of absolute 
neutrophil count after the first chemotherapy and after 
the third chemotherapy (p<0.05). There was no significant 
deviation of allele and genotype frequency from Hardy-
Weinberg Equilibrium.

Conclusion: ABCB1 C3435T polymorphism had no 
association with the grading of neutropenia in breast 
cancer patients treated with doxorubicin-taxane regimen, 
however there was a trend of absolute neutrophil count 
declining during the 3 cycles of chemotherapy.
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Breast cancer is the most common cancer among 
women who live in developed and developing 
countries with 1.38 million women newly 
diagnosed worldwide.1 In Indonesia, breast 
cancer is the most common cancer among women 
with incidence rates of 26:100,000 women and 
breast cancer patients have the highest number of 
hospitalization with 16.86%. The medical record 
of Adam Malik Hospital located in Medan, North 
Sumatera showed 532 women were hospitalized 
due breast cancer in 2012 and majority of cases 
were diagnosed in the late stages.2 

Chemotherapy is an important breast cancer 
treatment that not only alleviate survival rates, but 
also cause various adverse events. Neutropenia 
is the most common adverse event which can be 
life threatening due to opportunistic infection. 
Neutropenic episodes may lead to delay and/or 
reduction of drug doses which may compromise 
treatment outcomes.3 C3435T polymorphism 
in exon 26 of ATP-binding cassette sub-family B 
member 1 (ABCB1) which encode P-glycoprotein 
(P-gp) was considered to be associated with an 
increasing risk of neutropenia. P-gp is an energy-
dependent multidrug efflux pump, known as 
multidrug transporter for many various toxins 
including carcinogenic agents and anticancer 
agents such as antracycline, taxane, alcaloid vinca, 
epidopolitoxin and tamoxifen. P-gp is normally 
expressed in the epithelial cells of kidney, liver, 
gastrointestinal track, adrenal gland, blood brain 
barrier and hematopoietic stem cells.4 

ABCB1 gene, localized to chromosome 7q21, 
contains 28 exons, ranging in size from 49 to 587 
bp. ABCB1 gene codes P-gp which consist of 1,280 
amino acids. The ABCB1 gene is polymorphic 
and 50 single nucleotide polymorphisms (SNP) 
has been identified so far. The most important 
ABCB1 gene polymorphism is the C3435T. 
Polymorphism of ABCB1 C3435T changes the 
structure and function of P-gp. The C3435T 
polymorphism of ABCB1 gene is a change of one 
base in nucleotide position 3,435 in exon 26 
from cytosine (C) to thymine (T). Eventhough 
this SNP is synonymous which does not result 
in change of amino acid. The change in isoleucin 
(Ile1145Ile) changes P-gp function. The C3435T 
is the most commonly studied since this SNP has 
a high frequency in African-American population 
(10%), and Caucasian and Asian Population 
(40%–50%).5

Doxorubicin is the first anthracycline which 
was produced from Streptomyces peucetius (var.
caesius) in the early 1960s. Doxorubicin has a 
broad-spectrum activity. Doxorubicin acts by 
intercalating deoxy ribonucleic acid (DNA), 
inhibition of topoisomerase II, formation of 
reactive oxygen species and lipid peroxidation. 
Taxanes is an antimicrotubulus drug group which 
consists of paclitaxel and docetaxel. Antitumor 
activity of the taxane group is the result of the 
drug binding with beta subunit of tubulin which 
stabilizes tubulin polymerisation. Acute toxicity 
which can happen after the administration of 
doxorubicin-taxane is myelosupression in which 
neutropenia is more common to happen than 
trombocytopenia.6

A lot of attention is given to ABCB1 C3435T 
polymorphism, which is the most prevalent 
SNP, to see P-gp expression in different tissues 
of human being and in different ethnicity. 
Presentation of T allele in C3435T decreases P-gp 
level in Caucasian, Chinese, Philipinos, Portugese, 
and Saudi Arabians.4,5 Despite of ABCB1 C3435T 
resulting in synonymous isoleucine to isoleucine 
change, it has been observed that individual 
homozygous for the T-allele had a two-fold lower 
level of P-gp expression compared with individual 
homozygous for the C-allele.5

In vitro and in vivo studies showed that this silent 
polymorphism changes the folding and function 
of P-gp. The wobble codon is considered to be 
responsible for the changes in protein translation.7 
Homozygous variant (TT) have declining 
absolute neutrophil count, about 1.5 times lower 
compared to the wildtype group (CC).8 This study 
is relevant with prior observation that T allele is 
associated with declining P-gp expression in liver 
and the declining of CD56+ cell activity, an effect 
associated with declining messenger ribonucleic 
acid (mRNA) stabilization as a result of this SNP.9

In this study, we investigated the association of 
ABCB1 gene C3435T polymorphism with the 
grading of neutropenia in breast cancer patients.
 

METHODS

Seventy two female Indonesian breast cancer 
patients from Haji Adam Malik Hospital, Medan, 
who had been diagnosed and treated with 
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doxorubicin-paclitaxel regimen were selected 
for this cohort study from February to August 
2014. The patients were interviewed using case 
report form in order to find out several patient’s 
data and underwent physical examination and 
laboratory test. Based on approved case report 
form list, selection of patients had been made 
which fulfilled inclusion and exclusion criteria. 
Physical examination has been done by physician 
in oncological polyclinic of Department of Surgery 
Haji Adam Malik Hospital, Medan. Physical 
examination data are body weight, height (for 
determine body surface area), Karnofsky score, 
stadium tumor-node-metastasis (TNM) also 
determined.  The result of pathological anatomy 
examination was determined by pathological 
anatomy specialist. Laboratorium test has been 
done in Clinical Pathology Lab of Haji Adam 
Malik Hospital, medan. Laboratory test data are 
complete blood count (CBC) examination, kidney 
function test (ureum, creatinin), and liver function 
test serum glutamic oxaloacetic transaminase 
(SGOT) and serum glutamic pyruvic transaminase 
(SGPT). Informed consent was obtained from 
all subjects. Eligible patients had histologically 
confirmed breast cancer, had been planned to 
receive paclitaxel-doxorubicin regimen, ages 16–
68 years old, had normal liver function and kidney 
function, had a normal CBC. Patient who smoked, 
had a history of cardiac disease, hematologic 
disease, had infection, consumed drug induced 
neutropenia (antipsychotic, anticonvulsant) 
and had previous radiotherapy in the last three 
months were excluded from this study. This 
protocol of this study has been approved by 
Medical Ethics Committee University of North 
Sumatera (No. 27/KOMET/FK USU/2014).

Genomic DNA was isolated from peripheral 
leukocyte. The amplification of isolated DNA 
was performed with polymerase chain reaction 
(PCR) with each reaction containing DNA GoTaq® 
Green Master Mix (Promega), forward primer 
(5’-TGTTTTCAGCTGCTTGATGG-3’) and reverse 
primer (5’-AAGGCATGTATGTTGGCCTC-3’), 
nuclease free water, and DNA template with the 
final volume of 25 μl. The PCR cycle consisted 
of an initial two minutes denaturation at 94°C, 
followed by 35 cycles of denaturation at 94°C 
for 30 seconds, annealing at 60°C for 30 seconds 
and extension at 72°C for 30 seconds, the final 
elongation was performed at 72°C for seven 
minutes.

The ABCB1 C3435T polymorphism was analyzed 
with polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP). 
Briefly, 5 μl of PCR product was digested by one 
unit restriction endonuclease enzyme Sau3AI 
(Promega) at 37°C for two hours. Digested 
products were separated by 2% agarose gel 
electrophoresis and observed directly under 
ultraviolet (UV) light after staining with ethidium 
bromide. Electrophoresis patterns showed 158 bp 
fragment for homozygous wildtype (CC), 197 and 
158 bp fragment for heterozygous variant (CT), 
and 197 bp fragment for homozygous variant (TT). 
Neutropenic data and characteristic of subjects 
were collected from medical records for three 
cycles of chemotherapy. Neutropenia was classified 
into grade 1–4 based on Common Terminology 
and Criteria of Adverse Events v.4.0 (CTCAE).10

Statistical analysis was performed by applying 
statistical package for social sciences software 
(SPSS v.19.0). Kruskal-Wallis test was performed 
to check the association of polymorphism with 
grading of neutropenia. Analysis of declining 
absolute neutrophil count trend was checked 
by Wilcoxon test.  P values less than 0.05 were 
considered significant. Distribution of allele 
frequency and genotype was calculated by Hardy-
Weinberg Equilibrium. 

RESULTS

Characteristics of subjects can be seen in Table 1. 
Frequencies of CC, CT and TT genotypes were 22 
(30.6%), 38 (52.8%), and 12 (16.7%) respectively. 
The electrophoresis pattern of ABCB1 C3435T 
can be seen in Figure 1. We found four ethnics 
that were Bataknese, Minangkabau, Javanese, and 
Acehnese. Distribution of ABCB1 C3435T was 
varied among these ethnics. Bataknese had the 
highest frequency of homozygous CC genotype 
(wildtype) with 12 (54.50%), Javanese had the 
highest frequency of heterozygous variant (CT) 
with 21 (55.30%) and homozygous variant (TT) 
was the lowest among all ethnic groups.  There 
was no association between ABCB1 C3435T 
polymorphism with the grading of neutropenia 
(p>0.05) for post-chemotherapy cycle 1, cycle 2 
and cycle 3. We can see from Table 2.

In this study, no association between 
polymorphism of ABCB1 gene C3435T and 
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Variables n (%)
Ethnicity

Acehnese 10 (13.9%)
Bataknese 29 (40.3%)
Javanese 30 (41.7%)
Minangkabau 3 (4.2%)

Age group
28-35 2 (2.8%)
36-43 14 (19.4%)
44-51 29 (40.3%)
52-59 20 (27.8%)
60-68 7 (9.7%)

BMI classification
Underweight 1 (1.4%)
Normal 29 (40.3%)
Overweight 30 (41.7%)
Obese 12 (16.7%)

Stages of breast cancer
IIA 7 (9.7%)
IIB 7 (9.7%)
IIIA 3 (4.2%)
IIIB 37 (51.4%)
IV 18 (25%)

Histopathology of breast cancer
Invasive ductal carcinoma 55 (76.4%)
Invasive lobular carcinoma 3 (4.2%)
Infiltrating ductal carcinoma 14 (19.4%)

Histopathology grading
Grade I 21 (29.2%)
Grade II 45 (62.5%)
Grade III 3 (4.2%)
Unknown 3 (4.2%)

Table 1. Characteristic of subjects

BMI: body mass index
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Figure 1. Electrophoresis pattern of ABCB1 C3435T by PCR-
RFLP: CC genotype (C, D), TT genotype (E), CT genotype 
(F,G,H), 100 bp DNA ladder marker (A), Undigested PCR 
product (B)

the grading of neutropenia was observed 
(p>0.05). However, we observed the trend of 
declining absolute neutrophil count with higher 
chemotherapy cycles (Table 3) and also there was 
no any significant deviation of alelle and genotype 
frequency from Hardy-Weinberg Equilibrium 
(p>0.05).

DISCUSSION

From this study we can find various ethnic groups 
including Bataknese, Javanese, Minangkabau, 
and Acehnese. This study was relevant with 
observation that said breast cancer incidence 
was varied among different race/ethnicities with 
white women having a tendency to get breast 
cancer compared to African-American women.11 
Difference between incidence rates and survival 
rates from different ethnic groups was a result 
from cultural and environmental factors in 
terms of unpreventabe risk factor, exposure to 
carcinogenic agents, socioeconomic status, and 
genetics. Unpreventable risk factors include age 
during first menarche, age during menopause, 
and age during first birth. These factors were 
associated with the duration of estrogen 
exposure.12

From this study, the breast cancer patients were 
in 44–51 years old group. This result was relevant 
with recent study with the most of breast cancer 
patients were in range 44–55 years of age.13 From 
this study, the subjects between age 45–68 years 
old and overweight were 22 person (30.56%), and 
10 person was obese (13.89%) (data not shown).  
Post-menopausal obese women have a higher 
risk for breast cancer due to aromatase activity 
which converts androstenendion to estrogen.12 
This study also showed that the most frequent 
type of breast cancer based on histopathology 
was invasive ductal carcinoma. This result was 
relevant with prior study which showed that 
invasive ductal carcinoma was the most common 
type found.14 

In this study, ABCB1 C3435T polymorphism 
did not have an association with neutropenia. 
This result was relevant with prior study for 
121 breast cancer patient which received 
paclitaxel monotherapy that showed there was 
no association between polymorphism of ABCB1 
C3435T with neutropenic event.15 Another study 
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Chemotherapy cycle
Normal Grade I-II Grade III-IV Total

p*
n % n % n % n %

Post-cycle I 0.371
CC 18 32.1 4 28.6 0 0.0 22 30.6
CT 29 51.8 7 50.0 2 100.0 38 52.8
TT 9 16.1 3 21.4 0 0.0 12 16.7
Total 56 100.0 14 100.0 2 100.0 72 100.0

 Post-cycle II 2.109
CC 18 34.6 3 17.6 1 33.3 22 30.6
CT 27 51.9 10 58.8 1 33.3 38 52.8
TT 7 13.5 4 23.5 1 33.3 12 16.7
Total 52 100.0 17 100.0 3 100.0 72 100.0

Post-cycle III 2.408
CC 14 30.4 7 33.3 1 20.0 22 30.6
CT 26 56.5 11 52.4 1 20.0 38 52.8
TT 6 13.0 3 14.3 3 60.0 12 16.7
Total 46 100.0 21 100.0 5 100.0 72 100.0

Table 2. Association of ABCB1 C3435T with neutrophil grading post-chemotherapy cycle I, cycle II, and cycle III

*Kruskal-Wallis test. CC: ( cytosine-cytosine); CT: (cytosine-thymine); TT: (thymine-thymine)

Range Mean Median SD p*
Pre-chemotherapy cycle I 2,620–23,390 5,870.3 5,095.0 3,010.20 -
Post-cemotherapy cycle I 580–19,710 4,657.9 4,110.0 3,250.65 0.001
Post-chemotherapy cycle II 540–10,200 3,880.0 3,725.0 2,004.79 <0.001
Post-chemotherapy cycle III 290–9,520 3,602.1 2,920.0 2,163.44 <0.001

Table 3. Trend of declining absolute neutrophil count

*Wilcoxon test. SD: standard deviation

also showed for 1,012 breast cancer patients 
receiving antracycline, 5-fluorouracyl (5-FU) 
and cyclophosphamide (CAF) for 3–6 cycles also 
showed there was no association between ABCB1 
polymorphism with neutropenia grade III-IV.3

This result was contradictive with study in 58 
cancer patients with docetaxel monotherapy that 
there was an association between polymorphism 
of ABCB1 C3435T with grade III neutropenia with 
TT homozygous cancer patients experiencing 
grade III neutropenia.16 Study  in 18 patients 
showed that there was a decline in absolute 
neutrophil count up to 80% in patients that have 
homozygous TT after administration of paclitaxel 
monotherapy.8

Another study also showed that polymorphism 
of ABCB1 C3435T have an asociation with grade 
III and IV neutropenia in acute lymphoblastic 
leukemia in children who received chemotherapy.17 
Several studies also showed that there were up to 
two times of declining of P-gp level in individual 
who carries homozygous variant TT of ABCB1 
C3435T.18

The result which showed no association between 
ABCB1 C3435T polymorphism and neutropenia 
can be reasoned by two factors, administration 
of doxorubicin-paclitaxel given by standard 
doses and other genetic factors which influence 
the function of P-gp which encoded by ABCB1 
gene.19
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In this study, patients were given standard doses 
of doxorubicin of 50 mg/m2 and paclitaxel of 175 
mg/m2. This result was relevant with the study in 
112 breast cancer patients that showed increase 
of severity of neutropenia, trombocytopenia and 
anemia along with the increase of doxorubicin 
doses. Patients who received more than 60 
mg/m2  in this case 75 mg/m2 and, 90 mg/
m2 have a tendency to get granulocyte-colony 
stimulating factor (G-CSF) or prophylaxis 
antibiotic. Additional toxicity that can happen 
after paclitaxel administration (doses of 175 
mg/m2) can generally be tolerated by patients. 
Granulocytopenia occurs in 62% patients 
receiving doxorubicin-cyclophosphamide  and 
just 16% of patients with paclitaxel.20

The prior study also supports our findings, in 
275 breast cancer patients that show that was an 
increase of febrile neutropenia of about 32% with 
60 mg/m2 doxorubicin, and 175 mg/m2 paclitaxel. 
The other study also showed that combination 
of doxorubicin-paclitaxel have a better response 
rate (47%) than doxorubicin monotherapy (36%) 
or paclitaxel monotherapy (34%).21 Another 
study reported that neutropenia grade III-IV 
did not happen in 112 breast cancer patients 
although this may be due to subjects were also 
give filgastrim, a G-CSF, along the doxorubicin-
paclitaxel regimen.22 Several studies showed that 
the administration of doxorubicin-paclitaxel with 
appropriate standard doses proved effective and 
can be tolerated by patients.

The second factor is that there was an association 
between ABCB1 C3435T polymorphism with 
several other SNP in ABCB1 gene that can 
influence the expression of P-gp. Based on the 
latest study, we know that there are 50 known 
SNPs in ABCB1 gene. Collection of several SNPs 
that are linked is known as haplotype. The most 
common haplotype is the combination of C3435T 
with G2677T and C1236T. Haploptype might 
be responsible for variation of P-gp function 
compared to that of just one SNP.4,7

This study is also supported by other study 
which showed that there was a difference of P-gp 
function caused by ABCB1 haplotype.23 Anoher 
study showed that combination of C3435T with 
G2677T and C1236T polymorphisms can cause a 
less functional P-gp.24 In C3435T polymorphism, 
the change in nucleotide (C to T) can cause 

ribosomal delay and leads to ribosome stalling 
during translation. Significant delay of translation 
will disrupt interaction with chaperone protein 
and resulting in P-gp protein production with a 
slightly different structure.7 In this study, we also 
found trend of absolute neutrophil declining with 
more chemotherapy cycles, the prior study also 
supports our findings, which explained the risk of 
neutropenia in later cycles of chemotherapy and 
the administration of growth factor can reduce 
the severity of neutropenia in the later cycles of 
chemotherapy.25  

The limitations of this study were the other 
hematologic parameters from complete blood 
counts (e.g. leucocyte, platelet) were  not taken into 
account because we only focused on the effect of 
chemotherapy to neutrophil counts.  As far as we 
were concerned, the other hematologic parameter 
did not disturb the result of this study because 
they did not impact to neutrophil count directly 
whereas the other confounding factors that could 
intrude neutrophil counts, such as patients who had 
infection, or had taken drugs that can interfere the 
counting, were already excluded in this study.

In conclusion, there was no association of ABCB1 
C3435T polymorphism with neutropenia grading, 
further studies need to be done to analyze the 
impact of haplotype on neutropenic episodes in 
breast cancer patients receiving doxorubicin-
taxane regimen.
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ABSTRAK

Latar belakang: Cara persalinan serta beberapa faktor 
risiko demografi dan obstetri tertentu berhubungan dengan 
inkontinensia urin tekanan (IUT) pascapersalinan. Penelitian 
ini bertujuan menilai prevalensi kejadian IUT pascapersalinan, 
hubungan cara persalinan, serta faktor risiko demografi, dan 
obstetri tertentu dengan IUT pascapersalinan.

Metode: Penelitian kohort observasional prospektif melibatkan 
semua perempuan primipara yang menjalani perawatan 
pascapersalinan. Sebanyak 400 primipara tanpa riwayat 
inkontinensia urin sebelumnya yang memenuhi kriteria dan 
bersedia ikut penelitian diikuti sampai 3 bulan pascapersalinan. 
Dilakukan analisis bivariat dengan uji kai kuadrat dilanjutkan 
dengan analisis multivariat uji regresi logistik untuk 
mendapatkan faktor risiko yang berpengaruh terhadap IUT 
pascapersalinan.

Hasil: Prevalensi IUT pascapersalinan adalah 8,8%. Cara 
persalinan secara bermakna berhubungan dengan IUT 
pascapersalinan, perempuan yang menjalani persalinan 
pervaginam lebih banyak yang mengalami IUT (14,1%) 
dibandingkan perempuan yang menjalani persalinan seksio 
sesar (7,1%) dengan OR=2,1 (IK 95%=1,05-4,31), risiko ini 
meningkat bila persalinan pervaginam tersebut dibantu  dengan 
alat (vakum) dengan OR=9,1 (IK 95%=3,9-21,6), namun tidak 
ada perbedaan statistik kejadian IUT pada seksio sesar yang 
dilakukan darurat dibandingkan dilakukan secara terencana 
dengan OR=0,84 (IK 95%=0,28-2,57). Analisis multivariat 
memperlihatkan faktor risiko IMT ≥30 kg/m2 saat persalinan, 
persalinan dengan alat/vakum, berat lahir bayi ≥3360 g, dan 
lama kala dua ≥60 menit berhubungan dengan  kejadian IUT 3 
bulan pascapersalinan.

Kesimpulan: Inkontinensia urin tekanan meningkat pada periode 
pascapersalinan dini wanita primipara. Walaupun persalinan 
per vaginam meningkatkan kejadian IUT pascapersalinan, seksio 
sesar terencana ataupun seksio sesar darurat tanpa persalinan 
per vaginam tidak meningkatkan risiko IUT.

ABSTRACT

Background: Mode of delivery and some certain risk 
factors have a relationship to postpartum stress urinary 
incontinence (SUI). For that reason, the objective of this study 
was to assess the prevalence of postpartum stress urinary 
incontinence (SUI), the relationship between postpartum 
SUI and mode of delivery; and the association between SUI 
and other demographic and obstetric factors.

Methods: In this prospective observational cohort study, all 
primiparous women who were under postpartum care in 
obstetric and gynecologic ward were recruited. Four hundreds 
primiparous women with no history of urinary incontinence 
(UI) who fulfilled the criteria and would like to participate in 
this study were followed up for three months after delivery. 
The analysis was done using Stata 12. Bivariate analysis 
using Chi-square test and multivariate analysis using logistic 
regression test were done to obtain associated risk factors to 
postpartum SUI.

Results: The prevalence of postpartum SUI was 8.8%. The 
mode of delivery was significantly associated with postpartum 
SUI, there were more women who got vaginal delivery that 
had stress urinary incontinence (14.1%) compared to women 
caesarean section (7.1%) with OR=2.1 (95% CI=1.05-4.31), 
this risk increased when vaginal delivery was assisted with 
vacuum instrument (OR=9.1, 95% CI=3.9-21.6). There was no 
statistical difference of stress urinary incontinence incidences 
in patients with emergency or elective caesarean section with 
OR=0.84 (95% CI=0.28-2.57). Based on multivariate analysis 
BMI ≥30 kg/m2 at labor, vacuum assisted delivery, birth 
weight more than 3,360 g, and second stage labor more than 
60 minutes appeared to be associated with an increased rate 
of postpartum SUI.

Conclusion: Stress urinary incontinence increased in 
the early postpartum period of a primiparous woman. 
Although vaginal delivery increased the risk of postpartum 
SUI, elective nor emergency caesarean delivery without 
vaginal delivery id not appear to increase the risk of stress 
urinary incontinence.
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Urinary incontinence is a worldwide public 
health problem that affects the life of millions 
of women and causes serious socio-economical, 
physical and psychological problems. It will 
also affect sexual intercourse that causes a 
decrease in quality of life, depression, and 
lower self-esteem. Urinary incontinence could 
harm women’s emotional state, which will 
cause lower self-esteem and fear of sexual 
intercourse.1 In a study, it was stated that 
urinary incontinence, Alzheimer’s disease and 
stroke were the three chronic diseases that 
would badly affect and decrease the quality of 
health.2 

World Health Organization (WHO) stated 
that urinary incontinence was a major health 
problem, and there were more than 200 million 
populations in the world having problems with 
micturition.3 The increasing cost related to urinary 
incontinence treatment became government’s 
awareness whereas billions of dollar were issued 
every year in United States.4,5 

Urinary incontinence prevalence among women 
was about 3-55% depending on the limits and 
age groups, which were varied in each country 
due to several factors.6 According to systematic 
review by Thom and Rortveit7, acquired urinary 
incontinence postpartum prevalence was 33%, 
half of whom was stress urinary incontinence 
prevalence.7 In Indonesia, urinary incontinence 
prevalence was still unknown because there was 
an assumption that urinary incontinence was 
a normal condition in postpartum women and 
a lot of women tended to feel shy to check their 
condition to health professionals.8 It was also 
estimated that the people seek treatment to non-
formal health providers, causing a lot of cases 
unregistered and the data were less accurate. 
Although this problem was rather disturbing and 
affected the quality of life, patients rarely seek for 
medical treatment.9

Stress and urge urinary incontinence are the two 
most frequent types. Stress urinary incontinence 
is a type of urinary incontinence related to 
physical activity, defined by uncontrolled 
urinary excretion during activity, sneezing or 
coughing.10 Stress urinary incontinence and 
prolapsed pelvic organs are common incidence 
and need to be repaired on operation in 11% 
women near 80 years old, with a possibility of 

reoperation as 30%. This incidence is related to 
vaginal delivery and parity which cause pelvic 
floor dysfunction.11 Boyles et al showed that 
the first labor influenced the most towards the 
mechanism of continence.12 However, it was still 
questioned whether caesarean section could 
prevent pelvic floor trauma.1,13–15

In a study, it was reported that women with 
persistent stress urinary incontinence at three 
months postpartum, 92% would continue 
to stress urinary incontinence for five years 
postpartum.16–18 This study aimed to know the 
prevalence and risk factors of postpartum stress 
urinary incontinence (SUI) in Indonesia. 

METHODS

This study was an observational cohort study 
which included all primiparous women who 
were hospitalized after labor in obstetric and 
gynecology ward in Arifin Achmad Hospital, 
Pekanbaru, Riau during July 1st – December 
31st 2014. Primiparous women with no history 
of urinary incontinence (UI) who fulfilled the 
criteria were recruited. The inclusion criteria 
were single gestation, gestational age while 
labor is equal or more than 37 weeks, birth 
weight more than 2,500 grams, and would 
like to join this study by signing informed 
consent form. Then, subjects were asked to fill 
questionnaire sheet of urinary incontinence 
called the questionnaire for urinary 
incontinence diagnosis (QUID)19 validated 
in Bahasa Indonesia with an assistance from 
research team who had been trained regarding 
the filling of QUID questionnaire. The adopted 
QUID questionnaire was translated by sworn 
translator and validated by urogynecology 
consultants in urogynecology division of Cipto 
Mangunkusumo Hospital (RSCM) Jakarta. 
Presampling of QUID questionnaire was 
done in urogynecology clinic at RSCM using 
30 random samples and the validation test 
result was reliable with Cronbach’s alpha 
value was 0.97 for SUI type questionnaire and 
0.96 for urgency urinary incontinence (UUI) 
type questionnaire.20 Patient’s data regarding 
demography risk factors likes age, body weight 
before gestation and during the labor, body 
masss index (BMI) as well as obstetric risk 
factors like delivery mode, length of second 
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stage (started from full dilation to expulsion of 
the baby), baby’s body weight at birth, presence 
or absence of episiotomy and presence or 
absence of perineal laceration with its severity 
were collected from medical record. After that, 
researcher conducted cough test by himself. 
Before conducting the test, the subjects were 
instructed to do a spontaneous micturition 
followed by drinking two glasses of water 
(16oz=450ml) and waiting for two hours. After 
that, subjects were asked for coughing loudly in 
lithotomy position. Cough test was positive when 
urinary excretes from external urethral meatus. 
If there was no urinary excreted from external 
urethral meatus, then the test was repeated in 
the standing position. In a monitoring at three 
months postpartum, subjects were asked to 
refill QUID questionnaire and we underwent 
cough test again. Subjects suffering stress 
urinary incontinence before gestation and 
having incomplete data were excluded from 
this study. The protocol of this study has been 
approved by Ethical Review Board for Medicine 
and Health research Universitas Riau Faculty of 
Medicine, Pekanbaru-Riau, Indonesia (No. 10/
UN19.1.28/UEPKK/2014).

The analysis of this study was processed 
with statistic data analysis (Stata) 12. Data 
distribution of subject was processed by 
univariate descriptive analysis and presented 
in number (n) and percent (%), based on the 
dummy descriptive data table. The relationship 
between risk factors (demography and obstetric) 
and postpartum stress urinary incontinence 
was conducted with bivariate analysis. After 
that, we conducted a selection for variables 
that fulfilled criteria to be included into 
multivariate analysis using stepwise backward 
method. The p value was significant if it was 
less than 5% with 95% confidence interval. 
The results of the analysis were reported in 
frequency, p value percentage, and odd ratio 
(OR). After conducting multivariate analysis for 
independent variable, we conducted calibration 
test (Hosmer and Lemeshow) and area under 
curve (AUC) discrimination test.21 

RESULTS

During July until December 2014, a total of 447 
primiparous women shortlisted by inclusion 

and exclusion criteria were willing to join this 
study on the first examination right after their 
deliveries. In this population, 137 subjects 
(31.6%) suffered urinary incontinence with 
distribution of urinary incontinence type as 
follows: 40 subjects (8.9%) were stress urinary 
incontinence, 51 subjects (11.4%) were urge 
urinary incontinence, and 46 subjects (10.3%) 
showed mixed urinary incontinence. From 447 
subjects, 400 subjects (89.5%) were willing 
to come and complete this study on second 
examination at three months postpartum. In 
this population, 81 subjects (20.3%) suffered 
urinary incontinence, 75 subjects (54.7%) 
were persistent urinary incontinence at three 
months postpartum and six subjects (7.41%) 
were new cases. From 81 population suffering 
urinary incontinence, 35 subjects (8.8%) were 
stress urinary incontinence, 25 subjects (6.3%) 
were urge urinary incontinence and 21 subjects 
(5.3%) showed mixed urinary incontinence as 
seen in figure 1.

Subjects characteristic
There were 400 subjects that had undergone 
second examination at three months postpartum 
(Table 1).

Figure 1. Flow chart of the study. SUI: stress urinary incon-
tinence; OAB: overactive bladder
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analytical subjects in this study. The relationship 
between independent variable (risk factors) 
and dependent variable (persistent SUI) was 
analyzed in table 2.

Chi-square variables with p<0.250 in the 
bivariate analysis was considered having 
relationship to the incidence of postpartum 
SUI and further qualified included into the 
multivariate analysis. Bivariate analysis showed 
that BMI classification ≥30, weight increased 
≥15kg, episiotomy, perineal laceration stage 
3-4, vacuum delivery, birth weight ≥3,360 g, 
and length of second stage ≥60 minutes had 
relationship with the persistent SUI at three 
months postpartum in primiparous women as 
table 2.

Multivariate analysis 
All of the risk factors related to the persistent 
SUI at three months postpartum which had 
been selected with bivariate analysis were 
further included into the multivariate analysis 
using backward stepwise method. This process 
would stop when all variables left had p value 
less than 0.05. Therefore, the risk factors that 
significantly associated with persistent three 
months postpartum SUI were BMI >30 kg/m2, 
vacuum delivery, birth weight >3,360 g and 
length of second stage ≥60 minutes (Table 3). 
To rate the quality of multivariate analysis, 
calibration test was done using Hosmer & 
Lemeshow test (p=0.521) and discrimination 
test AUC value 90.4% (95% CI=0.847–0.961). 
Statistically, this analysis had a good quality 
and strong aspects of calibration (p>0.05 in 
Hosmer & Lemeshow test) and discrimination 
AUC >80% (95% CI).21

DISCUSSION

In this study, 81 subjects (20.3%) developed 
urinary incontinence at three months postpartum. 
This finding was higher than the result by Boyles 
et al12 in Oregon, USA (17.1%), but lower than 
the result of study in Scotland by Glazener et al22 
(29%) and meta-analysis by Thom and Rortveit 
(28.7%).7

Out of 81 subjects who had urinary incontinence, 
35 subjects (8.8%) had SUI, 25 subjects (6.3%) 
urge urinary incontinence/overactive bladder 

Variable Category Median (min-
max) or n (%)

Age (years) 27.00 
(19.03–36.98)

Classification ≥30 years 97 (24.3)
25–29 years 196 (49.0)
20–24 years 97 (24.3)

<20 years 10 (2.5)
BMI in pregnancy 26.65 

(20.31–37.24)

BMI classification ≥30 81 (20.3)
25–29 190 (47.5)

<25 129 (32.3)
Weight increase (kg) 13.00 

(6.00–24.00)
Classification of 
weight increase 

≥20 kg 25 (6.3)

15-19 kg 112 (28.0)
<15 kg 263 (65.8)

Episiotomy Yes 137 (34.3)
No 263 (65.8)

Perineal laceration Grade 3–4 24 (6.0)
Grade 1–2 & no rupture 376 (94.0)

Delivery mode Vacuum extraction 35 (8.8)
Spontaneous 121 (30.3)

Emergency CS 2nd stage 4 (1.0)
Emergency CS first 

stage
168 (42.0)

Elective CS 72 (18.0)
Birth weight (g)
median

3,100 
(2,500–3,900)

Birth weight 
classification

≥3700 36 (9.0)

3360–3699 67 (16.8)
3000–3359 153 (38.3)

<3000 144 (36.0)
Length of second 
stage (minutes)

13.17
 (0.00–75.98)

Length of 2nd stage 
classification

>60 21 (5.3)

≤60 + Elective CS 379  (94.8)

Table 1. Characteristic of the subjects

CS: caesarian section

Bivariate analysis 
From 354 primiparous women, no abnormalities 
were found in 319 subjects, whereas 35 subjects 
were diagnosed with persistent postpartum 
stress urinary incontinence which became the 
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SUI Normal p OR 95% CI
N % N % Min Max

Age ≥30 years 10 12.2 72 87.8 0.999
25–29 years 15 8.4 163 91.6 0.999
20–24 years 10 11.8 75 88.2 0.999
<20 years 0 0.0 9 100.0

Age ≥30 years 10 12.2 72 87.8 0.424 1.37 0.63 2.99
<30  years 25 9.2 247 90.8

BMI in pregnancy ≥30 17 24.3 53 75.7 0.002 3.88 1.62 9.29
25–29 9 5.4 157 94.6 0.454 0.69 0.27 1.81
<25 9 7.6 109 92.4

BMI ≥30 17 24.3 53 75.7 <0.001 4.74 2.29 9.79
<30 18 6.3 266 93.7

Weight increased ≥20 kg 4 18.2 18 81.8 0.136 2.44 0.75 7.92
15–19 kg 11 12.0 81 88.0 0.312 1.49 0.69 3.25
<15 kg 20 8.3 220 91.7

Weight increased ≥15 kg 15 13.2 99 86.8 0.155 1.67 0.82 3.39
<15 kg 20 8.3 220 91.7

Episiotomy Yes 18 14.4 107 85.6 0.036 2.10 1.04 4.23
No 17 7.4 212 92.6

Perineal laceration Grade 3–4 5 26,3 14 73,7 0,030 3,63 1,22 10,78
Grade 1–2/nil 30 9,0 305 91,0

Delivery mode (1) Vaginal delivery 20 14.1 123 85.9 0.033 2.13 1.05 4.31
C-Section 15 7.1 196 92.9

Delivery mode (2) Vacuum device 14 41.2 20 58.8 <0.001 9.97 4.42 22.49
Spontanesous + CS 21 6.6 299 93.4

Birth weight ≥3360 g 22 28.9 54 71.1 <0.001 8.31 3.94 17.5
<3360 g 13 4.7 265 95.3

Length of 2nd stage >60 minutes 11 52.4 10 47.6 <0.001 14.16 5.47 36.68
≤60 minutes + elective CS 24 7.2 309 92.8

Table 2. Bivariate analysis correlation between risk factors and persistent postpartum SUI

Medical Journal of Indonesia

BMI: body mass index; CS: caesarian section; SUI: stress urinary incontinence

Variables Coefficient S.E. Wald df p OR CI95%
Min Max

BMI ≥30 1.938 0.492 15.527 1 <0.001 6.94 2.65 18.20
Vacuum delivery 2.147 0.691 9.641 1 0.002 8.56 2.21 33.16
Birth Weight ≥3360 g 3.037 0.568 28.628 1 <0.001 20.84 6.85 63.40
Length of 2nd stage>60 minutes. 2.826 0.821 11.836 1 0.001 16.87 3.37 84.40
Constant 4.912 0.579 72.026 1 <0.001 0.01

Table 3.  Multivariate analysis of logistic regression (final model)

AUC 0.904 (CI95% 0.847–0.961); Hosmer and Lemeshow test (p=0.521)

(UUI/OAB), and 21 subjects (5.3%) had mixed 
type. Compared to previous studies, the 
prevalence of persistent SUI at three months 

postpartum in primiparity in this study was 
similar to the study by Tincello et al (8.7%),23 
higher than findings by Viktrup et al (6.1%),16 
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(OR=0.84, 95% CI=0.28–2.57). Study by Boyles 
et al12 also found similar results that there was 
no significant difference between the incidence 
of urinary incontinence in the elective caesarean 
section (6.1%) and emergency caesarean 
section before labor (5.7%) or caesarean section 
during labor (6.4%).12 This finding supported 
the theory that the risk of postpartum urinary 
incontinence was relatively the same between 
caesarean section done before labor and  during 
labor.12 Therefore, labor process did not reduce 
the protective effect of cesarean section to the 
risk of SUI. This finding was clinically important 
since most primigravid patients tried to give 
vaginal delivery before having a caesarean 
section, thus vaginal delivery that ended up 
with caesarean section did not increase the 
risk of SUI. Although the result of this study 
and Boyle’s study showed that the risk of SUI 
within three months postpartum was increased 
in subjects who undergone vaginal delivery, 
this finding was only consistent for short term 
outcome (three months).12 This was relevant 
to the recommendation issued by National 
Institutes of Health State of the Science 
conference: Caesarean Delivery on Maternal 
Request in 2006. It stated that within three 
months postpartum, the group of women who 
had planned cesarean section developed less 
urinary incontinence compared to the group 
of women who had vaginal delivery. However, 
two years afterwards, the incidence of urinary 
incontinence in both groups was the same.24

This study results also showed that birth weight 
more than 3,360 g was increasing the risk of SUI 
with OR=8.31 (95% CI=3.94–17.50) and much 
more when reaching >3,700 g with OR=9.99 
(95% CI=4.09–24.37). Eftekhar et al25 showed 
that birth weight >3,000 g are increasing 
the risk of SUI at four months postpartum 
(p<0.001; χ2=22.5). Glazener et al22 obtained 
increasing risk of SUI with birth weight was 
>3,700 with OR=1.56 (95% CI=1.12–2.19). 
Boyles et al12 showed that birth weight had no 
influence to urinary incontinence in caesarean 
section subjects, but birth weight of 4,000 g or 
more in vaginal birth would increase the risk 
of urinary incontinence with OR=1.22 (95% 
CI=1.03–1.45).12

The increasing risk of SUI in subjects with the 
longer duration of the second stage of labor, by 

and lower than the result by Glazener et al22 
(13.5%). This finding was also lower than the 
result of a meta-analysis by Thom and Rortveit7 
with SUI prevalence average of 12.6%.7 Based 
on the distribution of urinary incontinence 
type, 43% of subjects had stress urinary 
incontinence, 31% had OAB, and 26% had mixed 
urinary incontinence (Figure 1). This finding 
was similar to the result found by Glazener et 
al22 and meta-analysis by Thom and Rortveit.7,22 
The study by Glazener et al22 showed that 48% 
subjects had SUI, 22% had OAB, and 30% had 
mixed type, while Thom and Rortveit7 found that 
the frequency of SUI was 46%, about twice the 
prevalence of OAB.

This study also found an increased risk of 
SUI at three months postpartum in women 
with BMI >30 kg/m2 (OR=4.74, 95% CI=2.29–
9.79). However, increase of maternal weight 
throughout gestation did not increase the risk 
of postpartum SUI (OR=1.67, 95% CI=0.82–
3.39). Study by Boyle et al12 found that BMI 
>30 kg/m2 at delivery would increase the risk 
of SUI (OR=1.88, 95% CI=1.17–3.01),12 but no 
correlation between SUI and weight gain during 
gestation. Eftekhar et al found that BMI >30 
increased the risk of SUI within four months 
postpartum (p=0.001; χ2=17.6).24

Among 143 subjects who had vaginal delivery 
and 211 subjects who undergone caesarean 
section, 20 subjects (14.15%), and 15 subjects 
(7.1%) respectively developed SUI. The risk 
of developing persistent SUI within three 
months postpartum was higher in primiparity 
with vaginal delivery than those who had 
caesarean section (OR=2.1, 95% CI=1.05–4.31). 
The risk was increased if the vaginal delivery 
was assisted by vacuum device (OR=9.1, 95% 
CI=3.9–21.6). This result agreed with the 
findings by Glazener et al22 that showed an 
increased risk of postpartum SUI in vaginal 
delivery (21%) compared to caesarean section 
(6%) with OR=3.97 (95% CI=2.69–5.81).22 
Meta-analysis by Thom and Rortveit7 also found 
a higher incidence of SUI in vaginal delivery 
(average of 30.8%) compared to caesarean 
section (average of 14.8%).7

This study also showed that emergency 
cesarean section did not increase the risk of 
SUI compared to elective caesarean section 
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60 minutes, was denoted in this study (52.4%), 
compared with less than 60 minutes in duration 
(7.2%) with OR=14.16 (95% CI=5.47–36.68). 
Boyle et al obtained increasing risk of urinary 
incontinence in subjects with duration of the 
second stage of labor >45 minutes (61.5%) 
compared with subjects with duration <45 
minutes (51.5%) with p=0.001.12 

The result of this study gave important 
information to patients, clinicians, and 
stakeholders related to options of giving 
delivery mode with its risk of SUI later. 
Clinicians’ awareness in antenatal care to 
motivate and give advice to pregnant women to 
maintain ideal body weight during pregnancy 
had a big role in preventing the negative impact 
of SUI in their quality of life in the future.

In conclusion, results from this study reveal that 
vaginal delivery is associated with a higher risk 
of stress urinary incontinence than caesarean 
delivery. Labor did not affect the protective 
effect of cesarean delivery. Modifiable risk 
factors for stress urinary incontinence, such as 
obtaining an ideal body weight, and preventing 
a traumatic and long process of vaginal delivery 
were identified and hold promise as potential 
preventive measures for postpartum stress 
urinary incontinence. 
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ABSTRAK

Latar belakang: Spesies Candida merupakan patogen yang 
didapat di rumah sakit yang penting terutama pada bayi yang 
masuk perawatan intensif neonatus (NICU). Penelitian ini 
dilakukan di NICU Rumah Sakit Arab Saudi, Riyadh, KSA untuk 
menganalisis pola kolonisasi Candida pada neonatus beserta 
menentukan faktor risiko potensial.

Metode: Kultur jamur surveilans mingguan dilakukan pada 
daerah anus, rongga mulut, umbilikus, dan liang telinga pada 
neontaus dilakukan saat lahir sampai pasien dipulangkan dari 
rumah sakit. Kolonisasi dianalisis berdasarkan waktu, tempat, 
spesies, berat lahir, dan usia gestasi. Sumber lingkungan 
potensial dan tangan dari petugas kesehatan juga dilakukan 
kultur jamur setiap bulan. Uji kepekaan antijamur juga 
dilakukan.

Hasil: 100 subjek diajak untuk penelitian ini. Jumlah kolonisasi 
secara keseluruhan 51%. Kolonisasi awal didapatkan pada 27 
neonatus (27%) sedangkan 24 neonatus (24%) didapatkan 
pada saat akhir perawatan di NICU. Daerah perianal dan rongga 
mulut merupakan daerah kolonisasi tersering. C. albicans 
merupakan spesies isolat terbanyak (56,8% dilanjutkan C. 
tropicalis (17,6%), C. glabrata (15,6%), dan C. krusei (2%). 
Dari 51 isolat Candida, 68,6% sensitif terhadap flukonazol, 
80% terhadap itrakonazol, dan 64,7% terhadap ketokonazol, 
sedangkan hanya 33% yang sensitif terhadap amfoterisin B.

Kesimpulan: Candida merupakan penyebab umum infeksi pada 
bayi yang masuk ke NICU dan C. albicans merupakan spesies 
Candida tersering. Infeksi neonatus yang disebabkan spesies non-
albicans timbul pada usia yang lebih lanjut selama dirawat di 
NICU.

ABSTRACT

Background: Candida species are important hospital-
acquired pathogens in infants admitted to the neonatal 
intensive care unit (NICU). This study was performed in 
the NICU of Saudi Arabian Hospital, Riyadh region, KSA to 
analyze patterns of neonatal Candida colonization as well as 
to determine the potential risk factors.

Methods: Weekly surveillance fungal cultures of anal 
area, oral cavity, umbilicus and ear canal of neonates 
were performed from birth until their discharge from the 
hospital. Colonization was analyzed for timing, site, species, 
birth weight and gestational age. Potential environmental 
reservoirs and hands of health care workers (HCWs) were 
also cultured monthly for fungi. Antifungal susceptibility of 
the identified isolates was also determined.

Results: One hundred subjects have been recruited in 
this study. The overall colonization rate was 51%. Early 
colonization was found in 27 (27%) neonates whereas 24 
(24%) neonates were lately colonized during their stay in 
NICU. Colonization was more in preterm neonates than in 
full and post term. Perianal area and oral cavity were the 
most frequent colonized sites. C. albicans was the main spp. 
(58.8%) isolated from the neonates followed by C. tropicalis 
(17.6%), C. glabrata (15.6%), and C. krusei (2%). Of the 51 
isolated Candida spp., 68.6% were sensitive to fluconazole, 
80% to itraconazole and 64.7% to ketoconazole, while only 
33% were sensitive to amphotericin B.

Conclusion: Candida has emerged as a common cause of 
infections in infants admitted to NICU, and C. albicans is 
the most commonly isolated candidal species. Neonatal 
infections caused by non- albicans species occur at a later 
age during their stay in NICU.
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Candida is a cause of neonatal infection in 
premature infants, especially for extremely low and 
very low birth weight infants.1,2 Candida species 
have become important nosocomial pathogens 
in NICUs and are responsible for considerable 
morbidity and mortality, especially in preterm 
infants.3,4 Although C. albicans has been the most 
frequently isolated species in colonized or infected 
neonates, colonization and infection with non- 
C. albicans spp., particularly C. tropicalis, and C. 
parapsilosis, has also increased dramatically.3,5,6  
In very low birth weight (VLBW) infants (birth 
weight less than 1,500 g), C. albicans is the third 
most common cause of neonatal late onset sepsis 
(LOS), which occurs after the first 72 hours of life. 
This was illustrated in a multicenter study from 
the National Institute of Child Health and Human 
Development (NICHHD) Neonatal Research 
Network that evaluated 6,956 VLBW infants (range 
of birth weight from 401 to 1,500 g) admitted over 
a two-year period from 1998 to 2000.1 C. albicans 
was the causative agent in (6%) of first episodes of 
LOS following coagulase negative staphylococcus 
(48%), and Staphylococcus aureus (8%) in 
frequency.2 In addition, C. parapsilosis was isolated 
as the causative agent in (4%) of the cases. 

Transmission of the Candidal strains is either 
by vertical transmission from the mother or 
horizontal transmission from health care workers 
or the hospital environment.7 Colonization with 
Candida has been identified as the major risk 
factor and a necessary first step in development 
of candidemia, providing a reservoir of the 
potentially invading Candida strains.8,9 Molecular 
typing studies confirm that most invasive fungal 
infection arise endogenously and result from a 
colonizing Candida strain, rather than another 
completely different isolate.10–12 In view of the 
risk of colonization, this study aimed to analyze 
patterns of Candida colonization in the (NICU) of 
Saudi Arabian Hospital as well as to determine 
the potential risk factors, the possible source of 
colonization and the susceptibility pattern of 
Candida isolates to different antifungal drugs.

METHODS

Cases
This study was conducted on a total of 100 neonates 
admitted to the NICU of Saudi Arabian hospital 
(Riyadh region, KSA) from September 2014 to 

October 2015. Neonates with an expected stay of 
more than one week in the NICU were enrolled 
in the study. Fungal surveillance cultures were 
obtained from the neonates, on admission and 
at weekly interval thereafter till NICU discharge. 
Fungal colonization was defined by a positive 
surveillance culture at any time during their stay 
in NICU or at baseline.13 Early colonization was 
considered when Candida species was isolated 
from the initial cultures, while late colonization 
was considered when the initial cultures were 
negative and at least one subsequent culture was 
positive. Data were collected to assess possible 
risk factors for Candida colonization such as 
mode of delivery, gestational age, birth weight 
(BW), total parenteral nutrition (TPN), use of 
antibiotics, and other medications.

Samples collection and culture
Pre-moistened (with sterile normal saline) 
cotton-tipped swabs were used to obtain samples 
from the oral cavity, perianal area, ear canal, and 
umbilicus of the neonates’ weekly from birth 
until discharge. Monthly swabs were also taken 
from potential environmental reservoirs such 
as benches, wash basin, and cubicles and from 
both hands of NICU health care workers (HCWs) 
rotating through the unit. The entire surface 
of the hand, the area under the fingernails, 
and between the fingers, were swabbed with a 
separate swab for each hand. All the samples were 
directly inoculated on sabouraud dextrose agar 
(Himedia laboratories, Mumbai, India) with 50 
mg chloramphenicol/liter and 50 mg gentamicin/
liter and incubated at 37°C for 48 hours.

Examination of the mycological growth                                                        
Identification of the isolated Candida strains
The conventional yeast identification methods 
based on morphology, Gram stained smears, 
sporulation and fermentation characteristics 
as well as the assimilation of a wide range of 
carbon and nitrogen sources were used. The 
isolates were tested to grow on media without 
different vitamins (thiamine, pantothenate, myo-
inositole, pyridoxine, niacin, para aminobenzoic 
acid). The pathogenic potentialities of the yeast 
isolates were studied by testing protcolytic, 
lipolytic and haemolytic activity. The species 
were also determined by the germ tube test 
and the KJ3006 HiCanclicla Identification Kit 
(Himedia laboratories, Mumbai, India) according 
to manufacturer’s instructions.
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Confirmatory tests
Tween 80 oxgal-caffic acid (TOC) agar plates 
were streaked with a 48 hours-old yeast colony, 
covered with a sterile cover slip, incubated at 
37°C for three hours and observed for germ tube 
production. TOC agar plates were incubated at 
28°C for 2–3 days in the dark to promote the 
production of chlamydospores, hyphae and 
pseudohyphae. Ascospore formation and urea 
hydrolysis were also tested for the isolated strains 
to confirm the identification.

Antifungal susceptibility testing
Susceptibility testing of isolates was performed 
for amphotericin B, ketoconazole, itraconazole, 
fluconazole (Hi media laboratories, Mumbai, 
India) using the disk diffusion method according 
to the guidelines of Clinical Laboratory Standards 
Institute (CLSI).14

Statistical analysis
Quantitative variables were presented as medians 
or mean ± standard deviation (mean ± SD), 
whereas qualitative variables were described as 
number and percentages. Data were analyzed 
using Chi-square tests and Mann-whitney test, as 
appropriate. Univariate analysis for detection of 
risk factors was performed using Chi-square tests. 
A p value of <0.05 was considered statistically 
significant. All statistical analyses were carried 
out using the Statistical Package for the Social 
Sciences (SPSS) software version.

RESULTS

During the study period, Candida colonization 
was detected in 51 (51%) out of 100 neonates. 
Early colonization was found in 27 (27%) 

       Characteristics All neonates 
(n=100)

Early colonized
(n=27)

Late colonized    
(n=24)

Sex
Male: n (%) 52 (52) 17 (63) 10 (41.7)
Female: n (%) 48 (48) 10 (37) 14 (58.3)

Preterm n (%) 54 (54) 17 (63) 13 (54.2)
Fullterm n (%) 18 (18) 4 (14.8) 3 (12.5)
Postterm n (%) 28 (28) 6 (22.2) 8 (33.3)
Weight (kg)

Mean±SD 2.27±0.82 2.38±0.86 1.86±0.7

Median 2.39 2.39 1.5
<1.5 kg: n (%) 24 (24) 6 (22) 13 (54)
>1.5 kg: n (%) 76 (76) 21 (77) 11 (45)
Delivery

Vaginal 16 (16) 4 (14.8) 5 (20.8)
Cesarean section 84 (84) 23 (85.2) 19 (79.2)
PROM 4 (4) 2 (7.4) 3 (12.5)

TPN n (%) 31 (31) 5 (18.5) 11 (46)
Oral feeding n (%) 76 (31) 20 (74) 12 (50)
Antibiotic intake n (%) 89 (31) 24 (89) 21 (87.5)
Colonization Site 

Perianal 3 1 (60%) 16 (59%) 15(62.5%)
Oral 29 (56%) 16(59%) 13 (54%)
Ear 10 (19.6%) 5 (18.5%) 5 (21%)

Umbilicus 15 (29%) 7 (26%) 8 (33%)

Table 1. Characteristics of study neonates with early and late colonization

PROM: premature rupture of membrane; TPN: total parenteral nutrition
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neonates whereas 24 (24%) neonates were 
lately colonized during their stay in NICU. Three 
Candida species were isolated from the hands of 
3 nurses on different occasions, while no Candida 
was isolated from the environmental samples. 
The characteristics of the neonates and those with 
both early and late colonization are presented in 
Table 1.

Twenty eight (54%) neonates were colonized 
with Candida at one site (15 initially and 13 
during the stay), while 23 (45%) were colonized 
at two or more sites (12 initially and 11 during 
the stay). Perianal area and oral cavity were the 
most frequent sites of early and late colonization.

Fermentation reactions
In this study the Candida strains isolated from 
the study neonates in NICU were also identified 
by using fermentation tests. The results were 
negative in all isolates of C. krusei, except D- 
glucose while the different species of Candida 
were able to ferment a narrow range of sugars as 
described in Table 2. 

Assimilation tests
In the present study, six species of Candida were 
identified; Candida albicans, C. tropicalis, C. 
glabrata , C. krusei, C. lusitaniae and C. parapsiolosis. 
The results of vitamin assimilation tests revealed 
that none of the isolates were capable of growing 
on melibiose, lactose, erthritol, methanol and 
inulin as carbon source (Table 3) as well as 
creatinine, nitrate and nitrite as nitrogen source 

Physiological characteristics C. albicans C. tropicalis C. glabrata C. krusei C. lusitaniae C. parapsilosis
Fermentation Reactions 
D - glucose + + + + + +
D - galactose + + - - +/- +
Maltose + + - - + -
Sucrose - +/- - - + -
Trehalose + + + - + -
Melibiose - - - - - -
Lactose - - - - - -
Cellobiose - +/- - - + -
Raffinose - - - - - -
Inulin - - - - - -
Starch + + - - - -
D - Xylose + + - - + +

Table 2. Fermentation reactions of Candida strains isolated from the study neonates in NICU

(Table 3). The results of vitamin assimilation 
showed that C. tropicalis was unable to grow on 
medium without thiamine. 

Confirmatory tests for identification of 
Candida strains 
Germ tube test, hydrolysis of urea, Ascospore 
formation, and Chlamydospore formation along 
with assimilation and fermentation results 
confirmed the identification of the isolated 
Candida strains (Table 4).
               
Pathogenic potentialities of the isolated 
Candida strains
The pathogenic potentialities were tested for 
the isolated Candida strains and the results 
showed that the strains were able to grow at 
37°C, which indicates their ability to grow at 
body temperature. Also, they could hydrolyze 
casein and patient’s fats indicating their ability 
to produce proteolytic and lipolytic enzymes 
(Table 4).

Overall, C. albicans was the most frequent 
spp. (58.8%) isolated from the neonates in 
NICU, followed by C. tropicalis (17.6%), and C. 
glabrata (15.6%). However, while C. albicans 
was the predominant early colonizing spp. 
(92.6%), the most common Candida spp. lately 
colonizing the neonate was C. tropicalis (33.3%) 
followed by C. glabrata (29.2%) then C. albicans 
(20.8%). The three Candida spp. isolated from 
hands of nurses were two C. glabrata and one 
C. tropicalis.
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Table 3. Assimilation tests of substances as carbon source by Candida strains isolated from the study neonates in NICU

Physiological characteristics C. albicans C. tropicalis C. glabrata C. krusei C. lusitaniae C. parapsilosis
Assimilation Tests:

D - Glucose + + + + + +
D - Galactose + + - - +/- +
L - Sorbose +/- +/- - +/- +/- +/-
D - Glucose amine - - - + - -
D - Ribose +/- +/- - - + +/-
D - Xylose + + - - + +
L - Arabinose +/- + - - +/- +
D - Arabinose - - - - +/- -
L - Rhamnose - - - - + -
Sucrose + +/- - - + +
Maltose + + - - + +
Trehalose + + + - + +
Cellobiose - +/- - - + -
Salicin - +/- - - + -
Arbutine + + - + + -
Melibiose - - - - - -
Lactose - - - - - -
Raffinose - - - - - -
Inulin - - - - - -
Starch + + - - - -
Glycerol +/- +/- +/- + + +
Erythritol - - - - + -
Ribitol + +/- - - + +
Xylitol + - - - + -
L - Arabinitol + + - - - -
D - mannitol + + - - + +
D - Gulcitol - + - - + +
Myo - inositol - - - - - -
Succinate +/- + - + + +/-
Citrate +/- +/- - +/- +/- +/-
Methanol - - - - - -
Ethanol + - - + + +
Nitrate - - - - - -
Nitrite - - - - - -
Ethylamine + + - + - +
L - lysin - - - + - +
Creatine + - + - - -
Creatinine - - - - - -
Cadaverine + + + + + +
without thiamine + - + + + +
without pantothenate + + + + + +
without myo - inositol + + + + + +
without pyridoxine + + + + + +
without Niacin + + + + + +
without para amion-benzoic acid + + + + + +

Assimilation test of nitrogen source
Nitrate - - - - - -
Nitrite - - - - - -
Ethylamine + + - + - +
L - lysin - - - + - +
Creatine + - + - - -
Creatinine - - - - - -

Physiological characteristics
Cadaverine + + + + + +
without thiamine + - + + + +
without pantothenate + + + + + +
without myo - inositol + + + + + +
without pyridoxine + + + + + +
without Niacin + + + + + +
without para amion-benzoic acid + + + + + +
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Growth on 
Cycloheximide 

medium

Growth
at 37°C

Produce 
lipolytic 
enzyme

Produce 
proteolytic 

enzyme

Casein 
hydrolysis

Chlamydospore 
formation

Ascospore
formation

Hydrolysis 
of Urea

Germ Tube 
test

Candida 
strains

+++++Chlamydoconidia--+C. albicans
+++++Blastoconidia---C. tropicalis
-+++-Blastoconidia---C. glabrata
-++++Blastoconidia-+/--C. krusei
-+++-Blastoconidia---C. lusitaniae
-++++Blastoconidia---C. parapsilosis

Table 4. Confirmatory tests for identification and pathogenic potentiates of Candida strains isolated from the study neonates 
in NICU

Of the 54 preterm neonates, 30 (55.5%) were 
colonized with Candida, which was more than 
colonization in full term neonates (7/18; 38.8%) and 
post term neonates (14/28; 50%). The most common 

Early Colonization
95% CI pNo (n=73) Yes (n=27)

Sex 0.219–1.340 0.182
Male 35 (48%) 17 (63%)
Female 38 (52%) 10 (37%)

Weight 0.553–4.982 0.363
≤1.5 kg 20 (27.4%) 5(18–5%)
>1.5 kg 53 (72.6%) 22(81.5%)

Preterm 37 (51%) 17(63%) 0.549
Fullterm 14 (19%) 4(15%)
Postterm 22 (30%) 6 (22%)
Delivery 0331–3.866 0.840

Vaginal 12 (16.4%) 4(15%)
CS 61 (83.6%) 23 (85%)

Late colonization
Sex 0.683–4.375 0.245

Male 42 (55%) 10 (42%)
Female 34 (45%) 14 (58%)

Weight 0.058–0.437 0.001
≤1.5 kg 12(16%) 13 (54%)
>1.5 kg 64 (84%) 11 (46%)

Preterm 41 (54%) 13(54.2%) 0.653
Fullterm 15 (20%) 3(12.5%)
Postterm 20 (26%) 8 (33.3%)
Delivery 0.199–2.081 0.459

Vaginal 11 (14.5%) 5(21%)
CS 65 (85.5 %) 19(79%)

TPN 15 (20%) 11(46%) 1.289–9.184 0.011

Candida species isolated from the 30 colonized 
preterms was C. albicans (18; 60%) followed by 
C. tropicalis (7; 23.3%), C. glabrata (2; 6.7%), C. 
lusitamae (2; 6.7%), and C. krusei (1; 33.3%).

Table 5. Neonatal risk factors for  Candida colonization of the study neonates

CS: cesarean section; TPN: total parenteral nutrition
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Neonatal risk factors related to early and late 
colonization as determined by univariate 
analysis are presented in Table 6. No risk factors 
was identified for early colonization, However, 
late colonization was significantly associated 
with BW <1.5 kg and total parenteral nutrition 
(Table 5).

Antifungal susceptibility testing 

Candida albicans and C. tropicalis were found 
to be highly susceptible to azoles, especially to 
itraconazole in contrast to C. glabrata and C. 
krusei, which were totally resistant to azoles. 
Neonatal isolates of Candida species exhibited 
decreased susceptibility to amphotericin B where 
only 40% of C. albicans, 22% of C. tropicalis and 
none of C. glabrata and C. krusei isolates were 
sensitive to amphotericin (Table 6).

As regards to antifungal drug susceptibility of 
the 51 isolated Candida spp., 35 (68.6%) were 
sensitive to fluconazole, 41 (80%) to itraconazole 
and 33 (64.7%) to ketoconazole, while only 
17 (33%) of Candida spp. were sensitive to 
amphotericin B.

As regards to the Candida species isolated from 
hands of nurses, C. tropicalis was sensitive to the 
azoles while the two C. glabrata were resistant to 
all antifungal drugs tested. These isolates gave the 
same pattern of susceptibility as that of the same 
spp. lately colonizing the neonates at the same 
week of sampling, suggesting a possible source of 
colonization.

Table 6. Antifungal sensitivity of Candida species isolated from neonates in the NICU

S: Sensitive; I: Intermediate; R: Resistant

DISCUSSION

Candida species generally colonize the skin, 
gastrointestinal tract, lower female genital tract, 
intertriginous areas (eg, groin and armpits), 
and the foreskin of the uncircumcised male. 
Similar to adults and older children, colonization 
usually precedes invasive fungal infection. 
Neonates are generally infected with a clone with 
which they had previously been colonized.11,15 
In infants admitted to the NICU, colonization 
occurs in 30% to 60% of patients. Many studies 
have shown that the rate of colonization is 
dependent upon the birth weight of the infant. 
A retrospective analysis of weekly surveillance 
fungal cultures of the skin, gastrointestinal tract, 
respiratory tract, and umbilicus performed in 
50 extremely low birth weight (ELBW) infants 
(birth weight below 1,000 g) from birth to six 
weeks of age demonstrated colonization by a 
Candidal species in 62 percent of infants by six 
weeks of age.16 Approximately 85 percent of the 
colonization occurred in the first two weeks of life. 
The skin and gastrointestinal tract were the first 
sites colonized, followed by the respiratory tract. 
Colonization was inversely related to gestational 
age. In a study of VLBW (birth weight below 1,500 
g) infants, approximately 27 percent of patients 
were colonized with a candidal species, of which 
one-third developed mucocutaneous candidiasis 
and 8% invasive candidal infection15. The level of 
colonization is an important factor in developing 
invasive disease. The greater the density of 
organisms, the more likely it is that the organism 
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Candida spp.
Fluconazole Itraconazole Ketoconazole Amphotericin B

S
n (%)          

I
n (%)           

R
n (%)

S
n (%)

I
n (%)

R
n (%)

S
n (%)

I 
n (%)

R
n (%)

S
n (%)

I
n (%)

R
n (%)

C. albicans (n= 30) 24 (80)     6 (20) - 30 (100) - 24 (80) 6 (20) 12 (40) 18 (60) -

C.tropicalis (n=9) 9 (100) -
- 9 (100) - 7 (78) 2 (22) 2 (22) 7 (78) -

C.glabrata (n=8) -       - 8 (100) -
- 8 (100) - 8 (100) - 1 (12.5) 7 (87.5)

C.krusei (n=1) -         -  (100) 1 (100) - 1 (100) 1 (100) -
C.lusitaniae (n=2) 2 (100) - - 2 (100) - 2 (100) - 2 (100) - -
C.parapsilosis (n=1) -                  - 1 (100) - 1 (100) - 1 (100) 1 (100) - -
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will penetrate the host epithelial barriers, spread 
to the underlying tissue, and be disseminated 
through the blood stream.

In the present study about half of the 100 
neonates admitted to the NICU were colonized 
with Candida. Early colonization was found in 
27 (27%) neonates whereas 24 (24%) neonates 
were lately colonized during their stay in NICU. In 
a similar study done in during the same period by 
Mohamed et al17 they found that 62.5% of patients 
have become colonized by fungi during their stay. 
Mahieu et al4 also reported a much lower rate of 
early Candida colonization where only 1.2% of 
neonates were colonized. This notable difference 
might be attributed to their cultures included 
umbilical, ear, groin and axillary swabs, without 
culturing the oral mucosa which is a main site of 
early colonization. In addition, variation in the 
rate of colonization depends upon management 
protocol and nature and intensity of routine 
antifungal antiseptics measures applied in a 
particular setup.5

Fifty-four percent of study neonates were 
colonized with Candida at one site, while 45% 
were colonized at more than one site. Although the 
clinical relevance of Candida colonization at one 
site is limited, the relationship between multisite 
colonization and subsequent development of 
candidemia has been demonstrated by several 
investigators.18,19

Perianal area and oral cavity were the 
most frequently colonized sites (60% and 
56%, respectively). This high rate of early 
gastrointestinal colonization is in accordance 
with observations of others who found rates up 
to 90% when rectal culture was done at birth.1,16 
Gastrointestinal tract can serve as a reservoir 
from where the fungus can spread, particularly 
if there is a breach in mucosal lining20. The 
critical role of such colonization was confirmed 
by Saiman et al10 where GIT colonization was a 
risk factor for candidemia and molecular typing 
revealed that a high proportion of neonates had 
preceeding Candida colonization with the same 
clone that caused candidemia.

Overall, C. albicuns was the most frequent species 
(58.8%) isolated from the study neonates 
followed by C. tropicalis (17.6%), C. glabrata 
(15.6%), C. lusitaniae (4%), and C. kmsei and C. 

parapsilosis (2% each). In concordance with our 
findings is the study of Farmaki et al6 where the 
most frequent isolates were C. albicans (42%), C. 
tropicalis (24%), C. kmsei (11%), C. parapsilosis 
(7%), and C. glabrata (7%) while C. htsitanitie 
was isolated in one neonate in association with C. 
tropicalis.

In early colonization, C. albicans was the most 
common spp. (92.6%), which agrees with that 
reported by Mahieu et al4, where C. albicans was 
also the main colonizing spp. at birth (82%). On 
the other hand, the non-C. albicuns predominated 
in late colonization; C. tropicalis (33.3%), and C. 
glabrata (29.2%) while C. albicans represented 
20.8%. In line with our findings, Mohamed et 
al17 reported that the non- C. albicans were the 
most commonly acquired fungi during the stay 
in PICU; C. glabrata (14.3%), C.tropicalis, (12.5), 
and C.krusei (7.1%) vs C.albicans ( 8.9%). An 
increase in the frequency of the non-albicans spp. 
isolated from neonates with late colonization was 
also demonstrated by Farmaki et al representing 
59%.6

In accordance with our study, other investigators 
reported that most of the neonates who exhibit 
early colonization are colonized by C. albicans, 
presumably as being the most frequent species 
that colonizes the maternal vagina.4,6,21 In contrast, 
due to close relation of non- C. albicans species 
with NICU practices and materials, these strains 
more frequently colonize and infect neonates 
staying in the NICU for longer periods where 
horizontal transmission takes place.6

The increase in the non- C. albicans in several 
NICUs might also be attributed to the possibility 
of selection of less susceptible species by 
the extensive use of antifungal prophylaxis. 
Furthermore, the increasing use of several 
diagnostic and therapeutic interventions such as 
central venous catheter and parenteral nutrition 
might explain the shift away from C. albicans 
towards other species.22

The isolation of C. tropicalis in the present study is 
noteworthy, being more virulent than C. albicans 
and disseminated infection is associated with high 
mortality rates.23 Likewise is the isolation of C. 
glabrata which has been reported as a significant 
nosocomial pathogen in pediatric patients 
causing high mortality due to the development of 
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a secondary resistance to fluconazole.10 Although 
only one of each of C. krusei and C. parapsilosis was 
isolated, yet it also must be noted too. C. krusei 
has been increasingly incriminated in serious 
disseminated infections while C. parapsilosis is 
considered a relevant nosocomial pathogen and 
the most frequent Candida colonizing catheters 
owing to its ability of biofilm formation.24

The above data show that preterm neonates 
colonization (55.5%) was more than in full term 
neonates (38.8%) and post term neonates (50%) 
and C. albicans was the most common colonizing 
species (60%), followed by C. tropicalis (23%). 
In the study of Mendiratta et al,5 colonization in 
preterm (33.9%) was significantly higher than 
in term neonates (10%) and C. albicans was also 
the main isolate (45.9%) followed by C. tropicalis 
(21.6%). Manzoni et al3 also reported C. albicans 
as the most frequent isolated spp. (83.5%), 
followed by C. parapsilosis (15.9%) and C. glabrata 
(7.9%). Increased colonization in preterm has 
been attributed to relative immunodeficiency 
such as decreased function of neutrophils and 
relative quantitative deficiency of maternal IgG to 
Candida.25

No risk factors in the present study were 
associated with early colonization. In the study of 
Farmaki et al6 and Mahieu et al,4 vaginal delivery 
was identified as a risk factor for early colonization 
and most likely represents acquisition during 
delivery.  Its in line with what was stated by 
Saiman et al10 that delivery via cesarean section 
(CS) was protective from Candida colonization 
at birth. However, the association could not be 
detected in this study probably because more 
than 80% were born by CS.

Lower gestational age at birth was a significant risk 
factor for early neonatal colonization in the study 
of Mahieu et al.4 Although, not considered as risk 
factor in the present study, early colonization was 
more associated with preterms. The increased 
colonization in neonates of low gestational age 
can be explained by vulnerability of this group to 
critical illness that subject them to more invasive 
devices in NICU and aggressive antibiotic use 
predisposing them to fungal colonization.

Low BW and total parenteral nutrition 
administration were identified as risk factors 
for late colonization in the present study. LBW 

was also demonstrated by Saiman el al10 as a risk 
factor for Candida colonization and BW <1,500g 
was the only independent risk factor for late 
colonization in the study of Farmaki et al.6 The 
longer stay of low BW neonates in the NICU might 
explain why they are colonized by Candida spp. 
more frequently than larger neonates. In addition, 
degree of prematurity, central venous catheters 
and other factors could all be contributory.6 
Total parenteral nutrition was significantly 
associated with Candida colonization. Saiman et 
al postulated that loss of normal GIT flora due to 
delayed enteral feeding may facilitate Candida 
species colonization.10

Antibiotics, especially third generation 
cephalosporin administration were found to be 
associated with colonization in neonates in many 
studies.6,10,11 Antibiotics are known to suppress 
immune system25 and administration to already 
compromised neonates promotes colonization,5 
in addition to inhibition of the endogenous 
microflora and unopposed flourishing of 
Candida.26 However, an association could not 
be detected in the present study, as 89% of the 
study neonates have received third generation 
cephalosporin on admission.

Of the isolated Candida species, 68.6% were 
sensitive to fluconazole, 80% to itraconazole and 
64.7% to ketoconazole, while only 33% were 
sensitive to amphotericin B. Candida isolates 
from NICU and PICU in the study of Kuzucu et 
al12 showed a higher susceptibility pattern where 
93% and 82% were susceptible to fluconazole 
and itraconazole, respectively, while all were 
sensitive to amphotericin B. These results come 
in line with the study of Farmaki el al6 in NICUs, 
where C.albicans was highly susceptible to azoles. 
Kusucu et al12 reported that the sensitivity of 
C. albicans isolated from patients in NICU and 
PICU was 86.7% and 73.4% to fluconazole and 
itraconazole, respectively.

About third of Candida species isolated in the 
present study were sensitive to amphotericin 
B which is inconsistent with the findings of 
Farmaki et al6 and Kuzucu et al12 where Candida 
isolates from NICU and PICU patients remained 
completely susceptible to amphotericin B. Only 
40% of C. albicans and 22% of C. tropicalis 
isolated in the present study were sensitive to 
amphotericin B.
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No Candida was isolated from the environmental 
surfaces in NICU, however from the hands of 
HCWs, one C. tropicalis and two C. glabrata were 
isolated. These isolates had the same antifungal 
susceptibility pattern as the same species 
lately colonizing the neonates at the same time 
of sampling, indicating a probable source of 
colonization. In the study of Saiman et al10 29% of 
the HCWs hands were positive for Candida, where 
C. parapsilosis was cultured from 19%, C. albicans 
from 5%, while C. tropicalis was cultured from 
<1%.

Huang et al11 reported that acquisition of C. 
tropicalis very likely occurred in the NICU by 
cross-contamination. This was also suggested 
by Roilides et al27 in a molecular epidemiologic 
study of an outbreak of infection caused by C. 
tropicalis in NICU. Mendiratta et al5 reported 
no samples from NICU or hands of HCW were 
positive for Candida. Although, the examination of 
the hands of HCWs during the study period failed 
to document a common source of any Candida 
species, Farmaki et al6 could not exclude transient 
hand carriage of personnel. They suggested 
nosocomial acquisition of Candida predominantly 
non-albicans Candida, as a larger percentage 
(14.2%) of neonates were colonized at late stage 
during their NICU stay than at an early stage 
(2.5%).

As horizontal transmission from colonized hands 
of HCWs or, less commonly, from contaminated 
or surfaces, has been reported especially in the 
sicker neonates who require more handling by 
HCWs.10 Thus the importance of hand washing 
and compliance with guidelines for preventing 
nosocomial transmission must be emphasized in 
NICUs.

In conclusion, Candida has emerged as a common 
cause of infections in infants admitted to NICU, 
particularly preterm infants. Neonatal infections 
caused by non-albicans species occur at a later 
age during their stay in NICU and are more likely 
to be acquired from HCWs.

Most candidal infections are due to vertical 
transmission from the mother. Candida generally 
colonizes the skin, gastrointestinal tract, lower 
female genital tract, intertriginous areas, and 
the foreskin of uncircumcised males. The rate 
of colonization increases with decreasing birth 

weight. Infants admitted to the NICU, especially 
premature infants, are at increased risk for 
candidal infections 

Acknowledgment
The author acknowledges the help from 
technicians and supporting staff from the hospital 
at Riyadh and the institute where research was 
conducted.

Conflict of interest
The author confirms no conflict of interest in this 
study.

REFERENCES

1. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA, 
Ehrenkranz RA, et al. Late-onset sepsis in very low birth 
weight neonates: the experience of the NICHD Neonatal 
Research Network. Pediatrics. 2002;110(2Pt1):285–91.

2. Fridkin SK, Kaufman D, Edwards JR, Shetty S, Horan T. 
Changing incidence of Candida bloodstream infections 
among NICU patients in the United States: 1995-2004. 
Pediatrics. 2006;117(5):1680–7.

3. Manzoni P, Farina D, Leonessa M, d’Oulx EA, Galletto P, 
Mostert M, et al. Risk factors for progression to invasive 
fungal infection in preterm neonates with fungal 
colonization. Pediatrics. 2006;118(6):2359–64.

4. Mahieu LM, Van Gasse N, Wildemeersch D, Jansens 
H, Ieven M. Number of sites of perinatal Candida 
colonization and neutropenia are associated with 
nosocomial candidemia in the neonatal intensive care 
unit patient. Pediatr Crit Care Med. 2010;11(2):240–5.

5. Mendiratta DK, Rawat V, Thamke D, Chaturvedi 
P, Chhabra S, Narang P. Candida colonization in 
preterm babies admitted to neonatal intensive care 
unit in the rural setting. Indian J Med Microbiol. 
2006;24(4):263–7.

6. Farmaki E, Evdoridou J, Pouliou T, Bibashi E, 
Panagopoulou P, Filioti J, et al. Fungal colonization 
in the neonatal intensive care unit: risk factors, drug 
susceptibility, and association with invasive fungal 
infections. Am J Perinatol. 2007;24(2):127–35.

7. Clerihew L, Lamagni TL, Brocklehurst P, McGuire 
W. Candida parapsilosis infection in very low 
birthweight infants. Arch Dis Child Fetal Neonatal Ed. 
2007;92(2):F127–9.

8. Bendel CM. Colonization and epithelial adhesion in the 
pathogenesis of neonatal candidiasis. Semin Perinatol. 
2003;27(5):357–64.

9. Kaufman D. Fungal infection in the very low birthweight 
infant. Curr Opin Infect Dis. 2004;17(3):253–9.

10. Saiman L, Ludington E, Pfaller M, Rangel-Frausto S, 
Wiblin RT, Dawson J, et al. Risk factors for candidemia 
in Neonatal Intensive Care Unit patients. The National 
Epidemiology of Mycosis Survey study group. Pediatr 
Infect Dis J. 2000;19(4):319–24.

11. Huang YC, Li CC, Lin TY, Lien RI, Chou YH, Wu JL, et al. 
Association of fungal colonization and invasive disease 

http://mji.ui.ac.id



Alhussaini.
Candida colonization in NICU

181

in very low birth weight infants. Pediatr Infect Dis J. 
1998;17(9):819–22.

12. Kuzucu C, Durmaz R, Otlu B, Aktas E, Gulcan H, Cizmeci 
Z. Species distribution, antifungal susceptibility and 
clonal relatedness of Candida isolates from patients in 
neonatal and pediatric intensive care units at a medical 
center in Turkey. New Microbiol. 2008;31(3):401–8.

13. Kaufman D, Boyle R, Hazen KC, Patrie JT, Robinson M, 
Donowitz LG. Fluconazole prophylaxis against fungal 
colonization and infection in preterm infants. N Engl J 
Med. 2001;345(23):1660–6.

14. Clinical and Laboratory Standards Institute/
NCCLS. Performance standards for antimicrobial 
disk susceptibility tests. Approved standard M2-A8. 
Wayne;PA: National Committee for Clinical Laboratory 
Standards; 2003.

15. Sherertz RJ, Gledhill KS, Hampton KD, Pfaller MA, 
Givner LB, Abramson JS, et al. Outbreak of Candida 
bloodstream infections associated with retrograde 
medication administration in a neonatal intensive care 
unit. J Pediatr. 1992;120(3):455–61.

16. Kaufman DA, Gurka MJ, Hazen KC, Boyle R, Robinson M, 
Grossman LB. Patterns of fungal colonization in preterm 
infants weighing less than 1000 grams at birth. Pediatr 
Infect Dis J. 2006;25(8):733–7. 

17. Mohamed SA, Ibrahim HM, Ahmed AE, El-Sayied SB. 
Pattern of fungal colonization in critically ill pediatric 
patients in Ain Shams Pediatric 1CU. Pediatric thesis, 
Egypt: Ain Shams University, Faculty of Medicine; 2009. 
Pp 35–67.

18. Al-Tawfiq JA. Distribution and epidemiology of Candida 
species causing fungemia at a Saudi Arabian hospital, 
1996-2004. Int J Infect Dis. 2007;11(3):239–44.

19. Agvald-Ohman C, Klingspor L, Hjelmqvist H, Edlund 
C. Invasive candidiasis in long-term patients at 
a multidisciplinary intensive care unit: Candida 
colonization index, risk factors, treatment and outcome. 
Scand J Infect Dis. 2008;40(2):145–53.

20. Segal, E. and Clad, D. Candida species and 
Blastoschizomyces capitus. In Topley and Wilson’s 
Microbiology and Microbial infections. 9th ed. Medical 
Mycology: London; 1998, p. 423–60.

21. Sobel JD, Wiesenfeld HC, Martens M, Danna P, Hooton 
TM, Rompalo A, et al. Maintenance fluconazole therapy 
for recurrent vulvovaginal candidiasis. N Engl J Med. 
2004;351(9):876–83.

22. Resende JC, de Resende MA, Saliba JL. Prevalence of 
Candida spp. in hospitalized patients and their risk 
factors. Mycoses. 2002;45(8):306–12.

23. Krcmery V, Barnes AJ. Non-albicans Candida spp. causing 
fungaemia: pathogenicity and antifungal resistance. J 
Hosp Infect. 2002;50(4):243–60.

24. Chandra J, Kuhn DM, Mukherjee PK, Hoyer LL, McCormick 
T, Ghannoum MA. Biofilm formation by the fungal 
pathogen Candida albicans: development, architecture, 
and drug resistance. J Bacteriol. 2001;183(18):5385–94.

25. Baley JE. Neonatal candidiasis: the current challenge. 
Clin Perinatol. 1991;18(2):263–80.

26. Bendel CM. Colonization and epithelial adhesion in the 
pathogenesis of neonatal candidiasis. Semin Perinatol. 
2003;27(5):357–64. 

27. Roilides E, Farmaki E, Evdoridou J, Francesconi A, Kasai 
M, Filioti J, et al. Candida tropicalis in a neonatal intensive 
care unit: epidemiologic and molecular analysis of an 
outbreak of infection with an uncommon neonatal 
pathogen. J Clin Microbiol. 2003;41(2):735–41. 

Medical Journal of Indonesia



182 Med J Indones, Vol. 25, No. 3
September 2016

Risk factors of sepsis after open congenital cardiac surgery in infants: a pilot study

Keywords: aortic cross-clamp, Aristotle Basic Score, cardiopulmonary bypass, congenital heart disease, nutritional status, sepsis

pISSN: 0853-1773 • eISSN: 2252-8083 • http://dx.doi.org/10.13181/mji.v25i3.1450 • Med J Indones. 2016;25:182–9
• Received 17 May 2016 • Accepted 19 Aug 2016

Corresponding author: Dicky Fakhri, difawi@yahoo.com

Copyright @ 2016 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.

Dicky Fakhri,1,2 Pribadi W. Busro,1,2 Budi Rahmat,1,2 Salomo Purba,1,2 Aryo A.P. Mukti,2 Michael Caesario,2 
Kelly Christy,2 Anwar Santoso,3 Samsuridjal Djauzi4

1 Department of Surgery, National Cardiovascular Centre Harapan Kita, Jakarta, Indonesia
2 Department of Thoracic and Cardiovascular Surgery, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo 

Hospital, Jakarta, Indonesia
3 Research and Development Division, National Cardiovascular Centre Harapan Kita, Jakarta, Indonesia
4 Department of Internal Medicine, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, Jakarta, Indonesia

  Cl inical  Research

Medical Journal of Indonesia

ABSTRAK

Latar belakang: Sepsis pascaoperasi merupakan salah satu 
penyebab tingginya mortalitas dan morbiditas pascaoperasi 
pada anak di bawah 1 tahun yang menjalani operasi jantung 
terbuka. Penelitian ini bertujuan mengevaluasi peran lama 
teknik pintas jantung paru, timektomi, kompleksitas operasi, 
dan status gizi terhadap kejadian sepsis pascaoperasi jantung 
terbuka pada anak di bawah 1 tahun.

Metode: Sebanyak 40 orang anak di bawah 1 tahun dengan 
penyakit jantung bawaan yang menjalani operasi jantung 
terbuka dengan Aristotle Basic Score (ABS) ≥6 diikuti. Analisis 
dilakukan pada data klinis, labolatorium preoperasi, dan 
tanda-tanda sepsis pascaoperasi atau sampai maksimal 7 
hari pascaoperasi terhadap pasien. Analisis bivariat dilakukan 
sesuai dengan karakteristik data. Variabel dengan nilai p<0,200 
dalam uji bivariat kemudian diikutsertakan dalam model 
regresi logistik.

Hasil: Pasien yang menggunakan pintas jantung paru lebih dari 
90 menit kemungkinan untuk mengalami sepsis 5,538 kali bila 
dibandingkan dengan pasien yang menggunakan teknik pintas 
jantung paru kurang dari 90 menit (80% vs 25%, RR=5,538, 
p=0,006). Secara statistik, gizi kurang (86% vs 84%, RR=1,059, 
p=1,000), timektomi (50% vs 76%, RR=0,481, p=0,157) dan 
ABS (p=0,870) tidak berhubungan dengan kejadian sepsis 
pascaoperasi.

Kesimpulan: Lama pintas jantung paru memengaruhi kejadian 
sepsis pascaoperasi jantung terbuka pada anak usia di bawah 
1 tahun dengan Aristotle Basic Score ≥6. Diperlukan studi lebih 
lanjut untuk menilai faktor risiko lainnya yang memengaruhi 
kejadian sepsis pada populasi ini.

ABSTRACT

Background: Postsurgical sepsis is one of the main causes of 
the high mortality and morbidity after open congenital heart 
surgery in infants.  This study aimed to evaluate the role of 
cardiopulmonary bypass duration, thymectomy, surgical 
complexity, and nutritional status on postsurgical sepsis 
after open congenital cardiac surgery in infants.

Methods: A total of 40 patients <1 year of age with congenital 
heart disease, Aristotle Basic Score (ABS) ≥6 were followed 
for clinical and laboratory data before and after surgery 
until the occurrence of signs or symptoms of sepsis or until 
a maximum of 7 days after surgery. Bivariate analyses were 
performed. Variables with p≤0.200 were then included for 
logistic regression.

Results: Duration of cardiopulmonary bypass ≥90 minutes 
was associated with 5.538 increased risk of postsurgical 
sepsis in comparison to those ≤90 minutes (80% vs 25%, 
RR=5.538, p=0.006). No association was observed between 
the incidence of postsurgical sepsis with poor nutritional 
status (86% vs 84%, RR=1.059, p=1.000), thymectomy (and 
50% vs 76%, RR=0.481, p=0.157), and Aristotle Basic Score 
(p=0.870).

Conclusion: Cardiopulmonary bypass time influences the 
incidence of sepsis infants undergoing open congenital 
cardiac surgery. Further studies are needed to elaborate 
a number of risk factors associated with the incidence of 
sepsis in this population.
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Congenital heart disease (CHD) is a type of 
heart disorders that occurred before delivery. 
Malformations in structures of the heart or 
circulatory functions arise as a result of disruptions, 
or failures of cardiac development at the early 
stage of foetal growth.1 In the United States, it is 
approximated that eight in 1,000 live births suffer 
from CHD, up to a third of the cases are associated 
with a complex and fatal cardiac malformation 
which need urgent surgical correction.2 In Indonesia, 
according to data from the Indonesian Ministry of 
Health Centre of Data and Information (Pustadin 
Kementerian Kesehatan), approximately 36.000 
of 4.6 million live births in 2011 were estimated 
to suffer from CHD. The National Cardiovascular 
Centre Harapan Kita (NCCHK) could only cover 
2.3% of CHD cases in Indonesia annually.

Majority of CHDs are aetiologically unclear. 
However, gestational diabetes mellitus, infections 
(i.e. Rubella infection), obesity, smoking, drugs (i.e. 
retinoic acid, thalidomide, anti-epileptic drugs, 
antidepressants, and angiotensin-converting 
enzyme inhibitors), and genetic syndromes (i.e. 
trisomy 13, trisomy 18, down syndrome, turner 
syndrome, and other genetic mutations), have 
been attributed as risk factors.3–5

Congenital heart disease manifests in a variety of 
signs and symptoms; 2–3 from 1,000 live births in 
CHD do not show any clinical signs during the first 
year of life. However, complex cardiac malformation 
often results in cardiac failure, severe hypoxemia, 
right or left functional cardiac pumping disruption, 
and pulmonary hypertension, which increeases 
the risk of mortality without a prompt surgical 
correction.3

Corrective surgery is an invasive approach (i.e. open 
cardiac surgery) which aims to correct functional 
and anatomical malformation of the heart. Delay in 
early corrective cardiac surgery has been resulted in 
a high mortality and morbidity rate.6

A three years study (1991–1994) at the 
Southampton University Hospital, United 
Kingdom, demonstrated a 4.4% post cardiac 
surgery mortality rate (<30 days). This rate was 
even higher (18%) when the procedure was 
performed in emergency setting,7 and 29% when 
performed in a younger age population (i.e. <1 
year of age); the study concluded that younger age 
with low body weight was one of the risk factors 

associated with high mortality and morbidity rate 
after cardiac surgery.8–12

In addition to young age, low body weight, and 
delayed diagnosis and treatment, sepsis has been 
noted as one of major determinant of the high 
mortality and morbidity rate after open cardiac 
surgery. Data from the NCCHK internal database 
demonstrated a sepsis rate of 15% in patients of 
older age and low surgical complexity. Further, 
the overall mortality rate in patients undergoing 
congenital heart surgery was 8–10%. These 
numbers may be even higher in children less than 
one year of age (infants); thus, preventing sepsis 
will assure a better outcome in these patients.

The present study was conducted to evaluate risk 
factors [including the effect of cardiopulmonary 
bypass (CPB) procedure duration (i.e. >90 
minutes), nutritional status, surgical complexity 
as assessed with the Aristotle Basic Score (ABS), 
and thymectomy associated with the incidence of 
sepsis after surgery in infants with ABS of six.

METHODS

Forty patients with CHD, aged less than one year 
old, and ABS ≥6 were observed prospectively for 
the incidence of sepsis after open cardiac surgery 
at the Paediatric Congenital Cardiac Surgery 
Division, NCCHK, were included in the study. Those 
with prior history of open cardiac surgery, suffered 
from any associated genetic syndrome and 
human immunodeficiendy virus (HIV), confirmed 
with clinical and laboratory assessments, were 
excluded. Subjects with thymus aplasia, died on 
surgery, or died less than three days after the 
surgery were dropped out. Clinical and laboratory 
analyses were recorded starting at 0 hour (i.e. at the 
initiation of cardiac surgery) until 192 hours after 
the surgery. Demographic data including sex, age, 
weight, height, and nutritional status according 
to the World Health Organization-National Center 
for Health Statistics (WHO-NCHS) Z score (age for 
weight calculation) and clinical data such as blood 
pressure, heart rate, respiratory rate, temperature, 
ABS, CPB duration and aortic cross-clamp duration, 
intubation duration, length of intensive care 
unit (ICU) stay, and sepsis were recorded. Blood 
samples were drawn to evaluate serum leukocytes, 
platelet, C-reactive protein (CRP), lactate, ureum, 
and creatinine concentration. Congenital cardiac 
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surgical complexity was evaluated according to 
the ABS. 

Diagnosis of sepsis was confirmed according to 
the surviving sepsis campaign criteria; however, 
a number of changes in the criteria were made as 
the study population including children of less 
than one year of age. Sepsis was confirmed when 
two or more systemic inflammatory response 
syndrome signs and symptoms are present: such as 
rectal temperature >38.3°C or <36°C, tachycardia 
(heart rate >189 beat/min) or bradycardia (heart 
rate <90 beat/min), tachypnoea (respiratory rate 
>34x/min), leukocytosis >17,500/μL or leukopenia 
<5,000/μL, CRP >10mg/L, procalcitonin ≥2μg/L, 
vasopressors (epinephrine or norepinephrine in 
dose of more than 0.05 μg) with any suspicion of 
infections confirmed by blood or sputum culture on 
the third day (>72 hours) after surgery.

Prolonged utilization of CPB and aortic cross-
clamp were defined as CPB time of more than 90 
minutes and aortic cross-clamp duration of more 
than 60 minutes. Mechanical ventilation use of 
more than 24 hours and ICU stay of more than 
three days were defined as prolonged intubation 
time and prolonged ICU stay, respectively.

All numerical data were evaluated for its 
normality by using the Saphiro-Wilk test. 
Normally distributed data were presented in mean 
(standard deviation) while median (minimum-
maximum) were used when data are not normally 
distributed. Categorical data were presented in 
frequency and percentage. Bivariate analyses 
were conducted using Mann-Whitney, Chi-square, 
and Fisher Exact test. Logistic regression analysis 
was performed for multivariate evaluation. All 
data were assessed using SPSS version 20.

The protocol of this study has been approved 
by the ethics committee of the National Cardiac 
Centre, Harapan Kita Hospital, Jakarta (No: 
LB.05.01.1.4/13/2013).

RESULTS

A total of 40 subjects, 19 (47.5%) male and 21 
(52.2%) female, were analyzed. Majority of the 
subjects suffered from a poor nutritional status 
(85%); the mean age and median ABS were 158 
days and 7.355 respectively (Table 1).

Most of the subjects underwent open cardiac 
surgery with a median CPB duration of 107 minutes; 
13 subjects (32.5%) utilized CPB for more than 
90 minutes. The median aortic cross-clamp time 
was 62 minutes; 20 subjects (50%) experienced 
aortic cross-clamp time of more than 60 minutes. 
CPB and aortic cross-clamp procedures were not 
performed on 22.5% of the subjects. Thymectomy 
was conducted on 27 subjects (67.5%) (Table 1).

Twenty four subjects (60%) were intubated for 
more than 24 hours, 25 (62.5%) were treated at 
the intensive care unit for more than 72 hours. 
Mortality rate and sepsis were 2.5% and 35%, 
respectively (Table 2). Surgical diagnosis and 
procedures are presented in Table 3.

On Fisher Exact test, subjects who were on CPB 
for more than 90 minutes were 5.538 more 
likely to experience sepsis compared to those 
on CPB for less than 90 minutes (80% vs 20%, 
RR=5.538, p=0.006). Poor nutritional status 
was insignificantly associated with 1.059 higher 
risk of sepsis than normal nutrition (85.7% vs 
14.3%, RR=1.059, p=1.000). Similarly, sepsis was 
observed with a risk of 0.481 times in those who 

Demographic variables (n=40)
Age, mean (SD), days 158 (107.11)
Sex, n (%)

Male 19 (47.5)
Female 21 (52.5)

Nutritional status, n (%)
Normal 6 (15.0)
Poor 34 (85.0)

CPB time, n (%)
>90 minutes 13 (32.5)
<90 minutes 18 (45.0)
Without CPB 9 (22.5)

AOX time, n (%)
<60 minutes 11 (27.5)
>60 minutes 20 (50.0)
Without AOX 9 (22.5)

Thymectomy, n (%) 27 (67.5)
Day 0 VI score, mean (SD) 10.3 (5.1)
ABS Score, median (min-max) 6.3 (6–11)

Table 1. Demographic and surgical characteristics

SD: standard deviation; CPB: cardiopulmonary bypass; 
AOX: aortic cross-clamp; VI: vasoactive-inotropic; ABS: Ar-
istotle Basic Score

http://mji.ui.ac.id
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Post-surgical variables n (%)
Length of ICU stay

>72 hours 25 (62.5)
<72 hours 15 (37.5)

Length of mechanical ventilation
<24 hours 16 (40.0)
>24 hours 24 (60.0)

Surgical problems
Delayed sternal closure 1 (2.5)
SVT 1 (2.5)
Total AV block 1 (2.5)
None 37 (92.5)

Sepsis 14 (35.0)
Mortality 1 (2.5)
Time of sepsis diagnosis

72nd hour 1 (2.5)
80th hour 3 (7.5)
88th hour 1 (2.5)
96th hour 3 (7.5)
104th hour 2 (5.0)
112th hour 1 (2.5)
120th hour 2 (5.0)
122nd hour 1 (2.5)

Table 2. Postsurgical parameters

SVT: supraventricular tachycardia; AV: atrioventricular

underwent thymectomy than the counterparts 
(50% vs 50%, RR=0.481, p=0.157); the result, 
however is not statistically significant. In the study 
population, there was no statistical significance in 
the association of ABS and the incidence of sepsis 
(p=0.870) (Table 4).

Multivariate logistic regression test was 
performed to analyze the risk factors of sepsis. 
The analysis concluded that the risk factors were 
associated with the incidence of sepsis with R2 of 
0.255 and p value of 0.065.

DISCUSSION

Infection is one of the most common problems 
which occurs after open cardiac surgery. A study 
by Barker et al13 and colleagues concluded that 
small baby, complex heart disease, open cardiac 
surgery, preoperative treatment of more than one 
day, mechanical ventilation use before surgery, 
and genetic disorder were closely associated 

with major postsurgical infections such as 
mediastinitis, sepsis, and endocarditis.13 Our 
study analyzed patients who had a high risk of 
major postsurgical infection (i.e. sepsis) as we 
included infants with complex cardiac disease 
and underwent open cardiac surgery.

Sepsis has been a major complication of open 
cardiac surgery with a high rate of morbidity 
and mortality.14,15 A number of studies have been 
conducted to evaluate the outcome of open cardiac 
surgery in paediatrics however study concerning 
the incidence of postsurgical sepsis particularly 
in infants with ABS ≥6 has been limited.

Our pilot study at the NCCHK observed a high 
rate of sepsis (35%) in infants who underwent 
open cardiac surgery with ABS ≥6. Postsurgical 
sepsis has been postulated to be resulted from an 
imbalance of pro- and anti-inflammatory cytokines 
release. This inequity further causes a reduction of 
inflammatory response towards infections. A study 
by Franke A et al16 and colleagues demonstrated 
a biphasic curve of immune response induced by 
open cardiac surgery. On day one (phase one) of 
the immune response, the pro-inflammatory and 
anti-inflammatory reactions were originated from 
the body innate immune response. Balance of pro- 
and anti-inflammatory cytokine release on the 
first phase of immune response occurred on the 
third day. From the third until the fifth day after the 
surgery (phase two), adaptive immunity started 
to react.16 This response was characterized by 
the release of anti-inflammatory cytokines. These 
phenomena serve as the basis of early systemic 
inflammatory response syndrome after open 
cardiac surgery and explain the reason of sepsis to 
arise starting from the third day after the surgery. 
In our study, all incidence of sepsis was diagnosed 
on day three (the 72nd hour) until day five (the 122nd 
hour) after surgery (Table 2).

Cardiopulmonary bypass use in open cardiac 
surgery induces endotoxemia, hemodilution, 
and systemic inflammation resulted by direct 
contact activation, ischemic reperfusion injury, 
and splanchnic hypoperfusion. infants have been 
the most vulnerable population to suffer from 
the reactions as their body immune response is 
immature. This immaturity of immune system 
causes an increased risk of sepsis and poor 
outcome after open congenital cardiac surgery 
compared to the older aged children.17–21

Medical Journal of Indonesia



186 Med J Indones, Vol. 25, No. 3
September 2016

Diagnosis* n (%) Procedures† n (%)
Patent ductus arteriosus 23 (24.5) VSD closure 47 (41.2)
Ventricular septal defect 18 (19.1) PDA ligation 22 (19.2)
Atrial septal defect 9 (9.57) ASD closure 11 (9.64)
Pulmonary atresia 7 (7.45) BT shunt 9 (7.89)
Patent foramen ovale 5 (5.3) Arterial switch operation 5 (4.35)
Double outlet right ventricle 4 (4.2) Atrial septectomy 3 (2.63)
Coarcation of the aorta 4 (4.2) BCPS 3 (2.63)
Transposition of the great artery 4 (4.2) Coarctation of the aorta repair 3 (2.63)
Transposition of the great artery with intact ventricular septum 3 (3.2) PA banding 2 (1.75)
Total anomalous pulmonary venous connection 3 (3.2) Damus Kaye Stensel 1 (0.9)
Complete atrioventricular septal defect 2 (2.12) Rastelli 1 (0.9)
Taussig Bing anomaly 2 (2.12) AORPA repair 1 (0.9)
Tetralogy of Fallot 2 (2.12) CAVSD repair 1 (0.9)
Anomalous origin of the right pulmonary artery 1 (1.06) TOF total correction 1 (0.9)
Pulmonary stenosis 1 (1.06) MPA ligation 1 (0.9)
Truncus arteriosus 1 (1.06) Mitral valve repair 1 (0.9)
VSD sub-arterial, doubly-commited 1 (1.06) Azygous vein ligation 1 (0.9)
Mitral atresia 1 (1.06)

Table 3. Surgical diagnosis and procedures

* in one subject there might be more than 1 surgical diagnosis; † in one subject there might be more than 1 surgical procedures; 
VSD: ventricular septal defect; PDA: patent ductus arteriosus; ASD: atrial septal defect; BT: Blalock-Taussig; BCPS: Bidirectional 
Cavo-Pulmonary Shunt; PA: pulmonary atresia; AORPA: anomalous origin of the right pulmonary artery; CAVSD: complete atrio-
ventricular septal defect; TOF: Tetralogy of Fallot; MPA: Main Pulmonary Artery

Risk Factors
Sepsis

RR (95% CI) p
Yes, n (%) No, n (%)

CPB time
CPB >90 minutes 8 (80) 5 (25) 5.538 (1.328–20.604) 0.006*
CPB <90 minutes 2 (20) 15 (75)

Thymectomy status
Thymectomy 7 (50) 19 (76) 0.481 (0.223–1.123) 0.157*
Without thymectomy 7 (50) 6 (24)

Nutritional status
Normal nutrition 2 (14) 4 (16) 1.059 (0.323–3.689) 1.000*
Poor nutrition 12 (86) 21 (84)

ABS 6.65 (6–11) 6.30 (6–11) 0,87†

Table 4. Bivariate analysis of the risk factors of sepsis

* Data are presented in relative risk (95% CI), p value was acquired from Fisher exact test; † Data are presented in median (min 
– max), p value was acquired from Mann Whitney test. CPB: cardiopulmonary-bypass; ABS: Aristotle Basic Score

Mortality and mortality after open cardiac surgery 
were closely associated with CPB duration.22 This 
result is supported by a study by Chai et al23 and 
associates who demonstrated that patients who 
underwent CPB for more than 90 minutes resulted in 
a more severe pulmonary injury compared to those 
who were less than 90 minutes in CPB. Additionally, 

a longer CPB time disrupts the normal functioning 
of kidney, nervous system, and gastrointestinal 
tract; thus, increases morbidity and mortality after 
surgery.23–29 Gastrointestinal tract vascular integrity 
and perfusion were disrupted (i.e. sphlanchnic 
hypoperfusion) by a long CPB time (>90 minutes). 
Further, cardiac malfunctioning alone might cause 
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damages in the alimentary tract mucosal barrier 
resulting in bacterial and endotoxins translocation 
to systemic circulation and sepsis. In accordance 
to this hypothesis, Klein et al30 stated that the 
duration of cardiopulmonary bypass increased the 
risk of endotoxemia and postsurgical infection.30 
Further, complex congenital cardiac diseases were 
substantially related with the risk of necrotizing 
enterocolitis. Even though the enterocolitis was 
not directly associated with mortality rate, 20% 
of patients with this inflammatory reaction would 
die.31

In our study, major infection (i.e. sepsis) was 
observed to be significantly higher in patients with 
CPB duration of more than 90 minutes compared 
to those with shorter CPB duration (80% vs 
20%, RR=5.538, p=0.005). Inferior postsurgical 
outcomes were also observed in this study group 
with prolonged ICU stay (64.6% vs 35.3%, p=0.005) 
and prolonged mechanical ventilation (68.8% vs 
31.2%, p=0.002). These results are in accordance 
with the previous trials which demonstrated 
that CPB time was associated with the incidence 
of sepsis, morbidity, and mortality after open 
congenital cardiac surgery particularly in younger 
aged children with complex cardiac malformation. 
Endotoxemia and necrotising enterocolitis (NEC) 
might also play a role in the high incidence of 
sepsis in our study population; unfortunately, we 
did not elaborate it further.

Thymectomy has been known to influence the 
population of T lymphocytes, serum CD8 and CD4 
concentration after surgery.32 Decreased in number 
and function of T lymphocytes has been postulated 
to be one of the causes of sepsis after open cardiac 
surgery with thymectomy.33 Our study, on the 
contrary, did not observe a significant relation 
between sepsis rate and thymectomy (RR=0.481, 
p=0.157). A number of previous studies have been 
conducted to evaluate the association of thymectomy 
and outcomes of open cardiac surgery with partial, 
total, or without thymectomy and resulted in 
similar answers. There was one study, however, 
demonstrating a significantly lower thymic recent 
emigrant cells and lymphocytes subpopulation in 
patients who were thymectomized compared to 
the counterparts. The incidence of postsurgical 
immunodeficiency, recurrent infections, neoplasm, 
or autoimmune reactions was also not significantly 
related with thymectomy procedures.32,34,35 This 
occurrence might be explain by an incomplete 

thymectomy, release of mature T cells before the 
procedure, compensatory increase in the non-
specific immune responses such as neutrophils 
and natural killer cells, and activation of other 
reticuloendothelial cells.34

Failure to thrive and poor nutritional status have 
been considered as one of the major problems in 
children with congenital cardiac anomaly. Up to 40% 
of children with congenital heart problem suffered 
from failure to thrive and a poor nutritional status. 
Nutritional status is closely associated with immune 
response and outcomes of open cardiac surgery.36–38 

A study in paediatric population in Bangladesh 
demonstrated that a poor birth weight was 
associated with immunity disruptions manifested 
in a low CD3 concentration, accelerated peripheral 
T cells death, and increased turn over cycle of T 
cells by thymus. All of the processes resulted in 
decreased immunity towards infection in children. 
Additionally, a low birth weight increases the risk 
of infections in later life.39 A decrease in immune 
response resulted from poor nutritional status 
has been one of the most important risk factors of 
alteration in inflammatory responses after open 
cardiac surgery. Hassen et al40 observed an increased 
risk of systemic inflammatory response syndrome 
after a major blood vessel surgery in patients with 
protein energy deficiency.40 Further, in a population 
of children after Fontan surgery demonstrated that 
Z-score of less than -2 was significantly associated 
with mortality, surgical failure, and length of hospital 
stay.41 Nutritional status calculated by weight for 
age formula and young age were correlated with 
length of stay and hemodynamic status after a 
Glenn bidirectional surgery.42 While accompanied 
with hypoalbuminemia, a poor nutrition in children 
with congenital heart disease increased the risk 
of mortality and postsurgical infections as well as 
prolonged hospital stay.43

In our observation, 85.7% of the subjects who 
suffered from sepsis had a poor nutritional status; 
this finding, however, showed no significant finding 
on bivariate analyses (RR=1.059, p=1.000). Our 
finding is supported by previous study by Azakie et 
al44 in which they concluded that low birth weight 
or prematurity was related with a poor outcome 
in children who underwent open cardiac surgery; 
yet, the finding was not statistically significant.44 
These data might imply a better development of 
open cardiac surgical approach in premature or 
low and very low birth weight baby; hence, the 
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previously significantly related risk factors were 
no longer found to be essential today.

Aristotle basic score (ABS) is one approach to 
evaluate complexity in congenital cardiac surgery. 
ABS consists of three main components: (1) 
mortality, (2) morbidity (i.e. length of ICU stay), 
and (3) surgical difficulty.45,46 Subjects with sepsis in 
our study had a median ABS of 6.65 (6–11). There 
was no statistically significant correlation between 
ABS and sepsis rate. This insignificant finding 
might be resulted from the fact that ABS is the 
simplest method to evaluate and project complexity 
and outcomes after congenital cardiac surgery 
without considering patients characteristics such 
as anatomical variations, associated surgical 
procedures, age, and co-morbidities in the 
assessment as the Aristotle Comprehensive Score 
(ACS). A study by Kansy and colleagues analyzed 
the outcome of open congenital cardiac surgery 
with surgical complexity evaluated with four 
different stratification methods: (1) Aristotle Basic 
Score; (2) Risk Adjustment for Congenital Heart 
Surgery-1 (RAHCS-1 Categories); (3) The Society 
of Thoracic Surgeons-European Association for 
Cardio-Thoracic Surgery Congenital Heart Surgery 
Mortality Score (STAT Mortality Score); and (4) 
STAT Mortality Categories.47 The study observed 
that STAT Mortality Score had a stronger correlation 
with mortality outcome. Insignificant result 
between ABS and sepsis in our analysis might also 
be resulted from a better management of patients 
with a complex congenital cardiac disease which in 
turn significantly reduced the rate of morbidity and 
mortality after surgery.

In conclusion, the risk factors evaluated in our study 
could only explain 25.5% variability of sepsis. CPB 
time of more than 90 minutes was significantly 
related with sepsis rate after open cardiac surgery 
in infants with ABS ≥6. Further study is needed 
to elaborate the role of a number of risk factors 
associated with sepsis in this population.
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ABSTRAK

Seorang laki-laki berusia 26 tahun datang dengan 
penglihatan buram mendadak dan skotoma sentral pada 
mata kiri sejak 2 minggu sebelum ke rumah sakit. Visus hitung 
jari pada jarak 5 meter, tekanan intraokuler (TIO) normal, 
dan segmen anterior normal. Nervus optikus terlihat edema 
dengan eksudat dan perdarahan. Pasien terdiagnosis dengan 
AIDS dan memiliki hitung jenis CD4+ yang rendah sehingga 
dipikirkan kemungkinan infeksi oportunistik terkait infeksi 
HIV. Berdasarkan tampilan klinis dan pemeriksaan serologi, 
pasien diketahui menderita infeksi HSV akut sehingga 
diberikan asiklovir. Visus semakin memburuk menjadi no 
light perception sehingga pada pasien kemudian dikerjakan 
aqueous tap dan didapatkan DNA CMV positif. Papilitis 
CMV merupakan manifestasi tidak umum dari retinitis CMV. 
Pemeriksaan PCR dari aqueous atau vitreous tap perlu 
dilakukan sambil menunggu hasil pemeriksaan serologi, 
terutama untuk kasus yang memburuk dengan cepat. Dengan 
demikian, dokter dapat memberikan tata laksana yang sesuai 
dan cepat untuk mencegah kebutaan pada pasien.

ABSTRACT

A 26-year-old male diagnosed with AIDS came with sudden 
blurred vision and central sco-toma in left eye since 2 weeks 
before admission. His visual acuity was counting finger at 5 
meters with normal IOP and anterior segment. The posterior 
segment revealed edematous optic nerve covered by exudates 
and hemorrhages. Due to low CD4+ count and serological 
test result, we considered a HIV-related opportunistic 
ocular infection, specifically HSV infection. As visual acuity 
worsened during treatment with acyclovir, we performed 
PCR ex-amination from aqueous tap which revealed positive 
CMV DNA. Unfortunately, the visual acuity had worsened 
to no light perception before he received any specific anti-
CMV agent. CMV papillitis is an unusual presentation of 
CMV retinitis. PCR examination from aqueous or vitreous 
tap should be performed while waiting for serological test 
result, especially in doubtful cases. Therefore, appropriate 
diagnosis and management can be established early to 
prevent irreversible visual loss.
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Cytomegalovirus (CMV) papillitis is defined as 
greater than 270 degrees of disc edema/blurring 
of the disc margins as seen on direct examination 
and on color fundus photographs caused by CMV.1  
CMV ocular infection will develop in 12% to 46% 
of patients with acquired immune deficiency syn-
drome (AIDS) in their lifetime. Of those patients 
with AIDS in whom CMV retinitis develops, CMV 
papillitis reportedly develops in up to 4% as well. 
Lestari2 reported the prevalence of CMV retinitis 
in Cipto Mangunkusumo Hospital (CMH) is 5.8%, 
there is no papil involvement reported in those 
cases. The majority of these patients have CD4 
counts of less than 50 cells/mm3.1-3 

Diagnosis of CMV papillitis in the setting of human 
immunodeficiency virus (HIV)/AIDS is essential-
ly clinical, based on the features just described. In 
CMV papillitis, the optic nerve head is edematous 
with focal hemorrhages, and an afferent pupil-
lary defect usually is present. Polymerase chain 
reaction (PCR)-based analysis of the aqueous or 
vitreous samples may provide critical diagnos-
tic information of high sensitivity and specificity 
that allow the clinician to differentiate CMV from 
other herpetic causes of necrotizing retinitis and 
from toxoplasmic retinochoroiditis in immuno-
compromised patients with atypical lesions.1,3 In 
this case report, we demonstrated a rare case of 
ocular CMV infection that manifests as CMV papil-
litis in HIV/AIDS.

CASE REPORT

A male, 26 years old, came to Cipto Mangunkusu-
mo Hospital, Jakarta on January 2014 complain-
ing sudden blurred vision in left eye and central 
scotoma since two weeks before he was admitted. 
It was not red, it did not swell, and it was pain-
less. Patient did not get any treatment for his eye 
before. There was no history of spectacles usage, 
hypertension, and diabetes mellitus. In the past 
medical history, this patient had been diagnosed 
with pulmonary tuberculosis, cryptococcal men-
ingitis, and positive HIV test result. From social 
history, patient was a transmigrant from Suma-
tra Island. There was history of promiscuity with 
men and and intravenous drug user (IVDU).

Ophthalmological examination showed left eye’s 
visual acuity was 5/60, normal intraocular pres-
sure (IOP), clear anterior segment, good right 

reflex with positive relative afferent pupillary 
defect (RAPD), and clear lens. In the posterior 
segment we found few cells in vitreous, and papil 
was hyperemic covered by exudates and peripap-
illary hemorrhages. There were flame-shaped 
hemorrhages, with turtous vein, and macular re-
flex hard to be evaluated. Right eye was in normal 
condition. We assessed this patient with specific 
opportunistic infection with several differential 
diagnosis including CMV, herpes simplex virus 
(HSV), cryptococcus, toxoplasmosis, and syphilis 
infection (Figure 1 and Figure 2).

At the second and the third week after initial visit, 
the eye condition was getting worse, eventually 
leading to no light perception. Ancillary test re-
vealed some abnormal result as shown in the Ta-
ble 1. Based on clinical and laboratory results, we 
considered an active HSV infection, so we consult-
ed the patient to Department of Internal Medicine 
and the patient got 800 mg acyclovir four times 
daily (Figure 3).

Due to worsening condition and confusing diag-
nosis, we performed PCR examination from aque-

	

Figure 1. Normal funduscopy (right); hyperemic papil 
covered by exudates and peripapillary hemorrhages, 
flame-shaped hemorrhages (left). At this intital visit, the 
visual acuity of the left eye is 5/60

	Figure 2. Normal funduscopy (right); the condition of the 
left eye is getting worse with hyperemic papil with exten-
sive exudates and peripapillary hemorrhages, flame-shaped 
hemorrhages. At the third week follow-up, the visual acuity 
of the left eye is no light perception



192 Med J Indones, Vol. 25, No. 3
September 2016

ous tap to confirm the diagnosis. It was revealed 
that the patient had a positive CMV deoxyribo-
nucleic acid (DNA). Therefore, we consulted to 
Department of Internal Medicine for a change to 
specific anti-CMV medication. The patient then 
received 900 mg valganciclovir twice a day for 
three weeks.

During the follow-up, five weeks after the first 
visit, the patient developed immune recovery 
uveitis with raising intraocular pressure up to 
40 mmHg. He complained of pain of the left eye, 
accompanied with conjunctival and cilliary in-
jection, the corneal edema and large keratitic 
precipitates were also noted. In anterior cham-
ber, we found massive cells (+4) and flare (+2). 
The lenses were clear and the posterior seg-
ment was still the same. The patient received 
anti-glaucoma medication and topical steroid 
(Figure 4).

In seventh week after the initial visit, patient 
came with subsided peripapillary hemorrhages 
and exudates after administration of oral ganci-
clovir 900 mg twice daily in fourth week. This 
condition showed a good response to valganci-
clovir treatment. Based on the clinical manifes-
tation, we diagnosed this patient with CMV pap-
illitis (Table 1).

Patient has been treated with highly-active an-
ti-retroviral therapy (HAART) medication and 
also the anti-tuberculosis agent. HAART which 
consists of evafirenz, lamivudine, tenofovir diso-
proxil fumarate.

DISCUSSION

Opportunistic infections (OIs), which have been 
defined as infections that are more frequent or 
more severe because of immunosuppression in 
HIV-infected persons. It is important to recognize 

	

Figure 3. Immune recovery uveitis. Left eye shows conjunc-
tival and ciliary injection, deep anterior chamber. Yellow ar-
row shows massive cells (+4) and flare (+2) in the anterior 
chamber. Red arrow shows keratitic precipitate

	

Figure 4. Left eye was showing subsided peripapillary hem-
orrhages and exudates after ad-ministration of oral valganci-
clovir 2 x 900 mg in third week

Value Interpretation References
Allergy-Immunology
CD4+ percentage 1% Decreased 31–60
CD4+ absolute 4 cells/mL Decreased 410–1590
TORCH test

Anti-rubella IgG 2732.0 IU/mL Reactive <5.0 (non-reactive)
Anti-rubella IgM 0.2 COI Non-reactive <0.8 (non-reactive)
Anti-CMV IgG 24.7 Au/mL Reactive <0.5
Anti-CMV IgM 0.4 COI Non-reactive 0.7
Anti-HSV II IgG 0.24 Non-reactive <0.90 (non-reactive)
Anti-HSV II IgM 0.91 Reactive <0.90 (non-reactive)

Table 1. Laboratory examination of clinical importance

The laboratory results showed an active HSV type II infection so the patient got treated by acyclovir 5 x 800 mg. By the time, we 
observed that the ocular manifestation was not improved with the treatment, so we considered another etiology. Based on the 
literature, the most common opportunistic infection on AIDS with very low CD4+ count (<200 cells/mL) is CMV infection. To 
confirm the diagnosis, we did the aqueous tap and PCR examination and revealed a positive result CMV infection. TORCH: Toxo-
plasma, rubella, cytomegalovirus, herpes simplex; IgG: immunoglobulin G; IgM: immunoglobulin M; anti CMV: anti cytomegalovi-
rus; anti HSV: anti- herpes simplex virus

http://mji.ui.ac.id



Devona and Susiyanti.
CMV papillitis in immunodeficiency

193

that the relationship between OIs and HIV infec-
tion is bidirectional.

Human immunodeficiency virus can cause sys-
temic or organ diseases. Several systemic OIs in-
clude Mycobacterium tuberculosis infection, Cryp-
tococcus infection, cytomegalovirus disease, toxo-
plasmosis infection. At the initial visit, our patient 
was already diagnosed with pulmonary tubercu-
losis and cryptococcal meningitis, still ongoing 
treatment. With the presenting systemic OIs, it is 
likely that this patient might have a specific organ 
disease.4,5

Iqbal6 stated an association between CD4+ cells 
count with ocular complication of HIV with the 
commonest infection is CMV. Cullen et al7 stated 
that neuro-ophthalmic manifestations of HIV tend 
to present at an advanced stage of the disease 
when CD4 cell counts are depleted below 200 
cells/µl. In HIV-infected patients, opportunistic 
infections such as cytomegalovirus, toxoplasmo-
sis, syphilis, and tuberculosis are by far the most 
common causes of optic nerve disorders. 

In our cases, we found that patient was complain-
ing sudden blurred vision of his left eye, diag-
nosed as AIDS since three months before came 
to this hospital (October 2013) with initial symp-
toms were loss of consciousness due to crypto-
coccal meningitis, starting HAART medication 
two months later (November 2013) and initial 
CD4+ count at first visit was 4 cells/mL (n: 410-
1,590 cells/mL). Initial presentation showed vi-
sual acuity 5/60, normal IOP, quiet eye with nor-
mal anterior segment, positive RAPD, and pos-
terior segment manifestation that is edematous 
papil, peripapillary hemorrhages and exudates, 
and hemorrhages in retina. From this condition, 
our primary consideration was opportunistic in-
fection with differential diagnosis caused by CMV, 
HSV, Cryptococcus, Toxoplasma, and syphilis. The 
laboratory examination and PCR testing show 
positive tendency to CMV infection. Based on this 
result we gave specific anti-CMV infection, val-
ganciclovir 900 mg twice daily.  

Cytomegalovirus papillitis has been described in 
immunocompromised patients and is usually a 
rapidly blinding disease.8 Many studies reported 
the incidence of CMV papilitis found less than 
10% in CMV retinitis cases. CMV retinitis ac-
counts for 75–85% of CMV disease and over 90% 

of blindness in AIDS patients. Freeman  et al9 re-
port papillitis is present in up to 4% of patients 
with CMV retinitis. Gross et al10 noted 4.1% pa-
tients with CMV retinitis also had CMV papillitis 
at initial presentation. Similarly, Rosecan et al11 
noted optic nerve involvement in 8.3% eyes with 
CMV retinitis. Roarty et al12 also reported a patient 
with severe CMV papillitis and visual acuity of no 
light perception vision, and Palestine et al13 noted 
CMV papillitis in 7% eyes with CMV retinitis with 
no light perception vision upon initial presenta-
tion. Until now, there is no report of isolated CMV 
papillitis cases in without retinal manifestation in 
AIDS patient.

Successful management of active CMV retinitis 
reported by Figueiredo14 in an active CMV reti-
nitis infection. In his report the patient had good 
visual outcome, from hand movement with good 
projection to 5/12 after induction doses of oral 
valganciclovir.

The Centers for Disease Control and Prevention 
(CDC), the National Institutes of Health, and the 
HIV Medicine Association of the Infectious Dis-
eases Society of America15 give recommendation 
for treating CMV retinitis. For sight threatening 
lesions which is adjacent to the optic nerve or 
fovea, the recommended initial therapy com-
prised intravitreal injections of ganciclovir (2 
mg/injection) or foscarnet (2.4 mg/injection) 
for 1–4 doses over a period of 7–10 days to pro-
vide higher intraocular levels of drug and faster 
control of the infection until steady state intra-
ocular ganciclovir concentrations are achieved. 
This initial therapy might be accompanied by 
valganciclovir 900 mg twice daily for two until 
three weeks then followed by once daily doses. 
In our case, he given a systemic valganciclovir 
900 mg twice daily in first three weeks, to con-
trol the presumably active CMV infection and to 
prevent the CMV involvement to the contralat-
eral eye and also to improve patient’s systemic 
condition. Although the guideline of CMV papil-
litis’ management has not been established yet, 
this CDC recommendation is applicable in this 
case.

Based on the case explained above, we concluded 
the screening recommendations for patients with 
AIDS and low CD4+ T-cell counts should be per-
formed routinely. PCR examination from aqueous 
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or vitreous tap should be performed earlier while 
waiting for the serological testing result, espe-
cially in doubtful cases which severity progress 
rapidly. An appropriate diagnosis and manage-
ment can be established and performed earlier to 
prevent the irreversible visual loss.
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