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ABSTRACT
Strongyloides stercoralis is a helminth parasite that is predominantly  
endemic to the northeastern region of Thailand. Infection in people  
typically does not result in any noticeable symptoms. However,  
immunocompromised or immunodeficient patients, such as those with 
cancer, AIDS, or undergoing chemotherapy, are at risk of developing severe 
and potentially life-threatening forms of this parasite infection. Indirect 
enzyme-linked immunosorbent assay (ELISA) employing IgG antibodies 
in serum are highly sensitive for diagnosing S. stercoralis infection. The 
objective of this study was to assess the serum IgG levels of S. stercoralis  
in cholangiocarcinoma (CCA) patients and to analyze the correlation  
between IgG levels and clinical pathology, chemotherapy treatment 
status, and laboratory findings. The study found that among the 107  
individuals with CCA, 34 (31.78%) tested positive for S. stercoralis, while 73 
(68.22%) tested negative based on their serum IgG levels. Nevertheless, no  
statistically significant correlation was found between any of the analyzed 
factors, including the status of receiving chemotherapy treatment. This 
study indicated no significant impact of IgG antibody levels of S. stercoralis 
on the survival time of CCA patients. Additionally, no link was observed 
between IgG antibody levels and the severity of CCA in patients. It implies 
that there is no requirement for further testing on the past presence of 
S. stercoralis infection before starting chemotherapy in CCA patients. 
Nevertheless, this study focuses on measuring the concentration of  
antibodies rather than antigens. Further investigation of the antigen levels 
is necessary to validate the entirety of the data.  
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Introduction
	 Strongyloid stercoralis belongs to the  
roundworm type, Nematoda phylum. Its life cycle is  
complete with two cycle sets including free-living  
cycle and parasitic cycle which enable auto- 
infection without a discharge(1). Strongyloidiasis 
has been a major burden to public health caused 
by S. stercoralis infection in tropical and sub- 
tropical areas including Africa, Latin-America, 
Australia and Asia(2). The highest incidence of 
infection belonged to the Southeast Asia where 
Thailand exhibited 15.9 – 28.9% of prevalence(3,4). 
Khon Kaen, a province in the Northeastern part 
of Thailand, demonstrated a prevalence rate  
of 12.9% utilising the formalin-ethyl acetate  
concentration technique (FECT)(5,6). Most  
patients were probably asymptomatic or had mild 
gastrointestinal symptom. Immunocompromised  
patients, such as those with cancer, AIDS, alcoholism,  
malnutrition, kidney disease, and undergoing 
chemotherapy, are at a higher risk of developing 
severe conditions.  Autoinfection can lead to the 
dissemination of the parasite to many organs, such 
as the lung, trachea, heart, liver, kidney, spinal 
cord, and brain. This can result in inflammation, 
organ dysfunction, bloodstream infection, and 
ultimately death.     
	 Serodiagnosis of S. stercoralis infection  
provided high sensitivity, such as indirect  
enzyme-linked immunosorbent assay (ELISA) using 
sera and extracted antigen from S. ratti larvae as 
alternative to S. stercoralis larvae. S. stercoralis 
larvae were difficult in antigen extraction, carrying  
high risk of accidental infection and ineffective  
cost(7). Previous report revealed similarity  
between S. ratti and S. stercoralis antigen as well 
as specificity and sensitivity of diagnosis(8). It was 
also discovered that rodent could be a source of 
S. ratti antigen production for immunological 
diagnosis associated strongyloidiasis in human(9). 
IgG was reported to be the most common antibody 
in response to the antigenic surfaces of infective 
stage of S. stercoralis (Filariform larvae; L3). 
IgG associated with hyper-infected protection in 

immunocompromised host with chronic and mild 
symptomatic strongyloidiasis which was considered  
as chronic infection indicator(10). 
	 The failure to diagnose and treat S. stercoralis  
infection may lead to the development of chronic 
inflammatory bowel illness, which in turn increases  
the risk of gastrointestinal cancer. A case of 
colorectal cancer with S. stercoralis infection  
was documented in a patient from Peru.  
Chemotherapy administration was discussed 
for risks and benefits after S. stercoralis was 
detected with cancer signs(11). Individuals with 
immunodeficiency or those undergoing chemo-
therapy are at risk of developing a life-threatening  
hyper-infection, which may be facilitated by  
chemotherapy-induced development of parasite 
larvae. Immunocompromised individuals, such 
as those undergoing chemotherapy, are at risk 
of developing a life-threatening hyperinfection 
syndrome caused by an increasing of matured  
parasite and consequent organ invasion(12). Therefore,  
discreet decision of chemotherapy administration 
is highly necessary. 
	 Cholangiocarcinoma (CCA) originates 
from abnormal growth of biliary mucosa cells(13). 
Northeastern of Thailand was endemic area and 
Khon Kaen province accounted 84.6 and 36.8 per 
100,000 people in respective male and female(14). 
The incidence tended to decrease to 14.6 per 
100,000 people by 2017(15). CCA still be a major 
concern because most patients were asymptomatic  
in the first stage, then became noticeably  
symptomatic, such as weight loss, jaundice, body 
itch, dark urine, pale-colored stool and infected 
biliary system(16). Opisthorchis viverrini was the 
causative agent of CCA in Thailand. By consuming 
raw fish carrying infective larvae, up to 7-time 
risk of CCA was reported compared to uninfected 
people(17). Primary sclerosing cholangitis, chronic 
hepatitis virus infection, and cirrhosis were also 
found relating to CCA(13).
	 The objective of this study was to assess the 
serum IgG levels of S. stercoralis in CCA patients 
and to analyze the correlation between IgG levels 
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and clinical pathology, chemotherapy treatment 
status, and laboratory findings.  

Materials and methods
	 Patient samples
	 Serum was obtained from patients  
diagnosed with CCA (n=107) and normal group 
(n=54). The CCA sera were collected from patients 
who underwent surgery at Srinagarind Hospital, 
Khon Kaen University, Thailand. Samples was kept 
at Cholangiocarcinoma Research Institute (CARI), 
Khon Kaen University, Thailand. Normal sera were 
collected from healthy volunteer from Ban Wha 
subdistrict, Khon Kaen, Thailand. The inclusion 
criteria consist of those who have had normal  
results from ultrasonography and have normal  
blood and liver function tests. All human  
specimens and the protocols in this study were 
approved by the Human Ethics Committee of 
Khon Kaen University, based on the ethics of  
human specimen experimentation of the National 
Research Council of Thailand (HE611196), and  
informed consent was obtained from each subject. 

	 S. ratti antigen extraction
	 S. ratti (Filariform larva stage) was  
infected through epithelial injection mice. After  
one week, feces were collected from mice and 
cultured by using filter paper culture method.  
S. ratti (Filariform larva stage) were concentrated 
and washed by normal saline. The filariform larva 
was kept at -20 ºC before antigen extraction.  
Crude soluble antigen extract was added into 
phosphate buffer with anti-protease and kept 
in -70 ºC for 30 minutes. Then the solution 
was defrosted four times and the parasite was 
separated by using sonication and kept at -4 ºC 
overnight. Next, the solution was centrifuged at 
15,000 g at -4 ºC for 30 minutes. The supernatant  
was estimated by using Bradford protein and 
kept at -20 ºC. This study was conducted under 
the approval of animal ethic by the Institutional  
Animal Ethical Committee, Khon Kaen University  
(IACUC-KKU-99/62). The procedure was performed  
in strict accordance with the guidelines for  

the Care and Use of Laboratory Animals of the 
National Research Council of Thailand.

	 Determination of anti- S. stercoralis IgG 
level 
	 Indirect-ELISA was used for anti-S. stercoralis  
IgG level determination. The crude antigen of S. 
ratti was diluted to 2.5 µg/µL in coating buffer  
(pH 9.6) and added to 96 well MaxiSorp flat  
bottom plate for a duplicate in each sample 100 
µl/well then incubated overnight. The plate was 
washed using a washing buffer and discarded. 
Blocking non-specific binding with 3% skim milk 
in 1X PBS+0.5% tween20 for two hours at room 
temperature. Sample was diluted in 3% skim milk 
with 1X PBS+0.5% tween20 and incubated for one 
hour at 37°C. Then the plate was washed by using 
a washing buffer followed by adding horseradish 
peroxidase-conjugated secondary antibodies and 
incubated for one hour at 37 ºC. The plate was 
washed again and added with the orthophenylene  
diamine hydrochloride (OPD) substrate and  
incubated in dark and stopped the reaction by 4M 
H2SO4 50 µl/well. The activity was observed by 
using an ELISA reader at the optical density (OD) 
of 492 nm. The OD value was calculated by using 
standard curve.

	 Standard curve for evaluating IgG unit
	 The standard IgG unit curve was performed 
from pooled positive serum as the following  
dilutions: 1:1000, 1:3000, 1:9000, 1:27000, 
1:81000, and 1:243000. The negative serum was 
diluted into 1:4000 and blank were also included. 
The sample absorbance was measured utilizing  
a microplate reader (EZ Read 2000 Microplate 
Reader) at 492 nm against a standard graph for 
pooled positive serum. The result of IgG unit  
expressed the level of S. stercoralis infection. 

	 Statistical analysis
	 The IgG unit level was calculated from OD 
result and compared to the standard curve. The 
cutoff values for IgG unit in serum by ELISA were 
determined by receiver-operating characteristic 
(ROC) analysis based on analysis of 40 proven- 
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positive and 40 proven-negative sera samples  
for S. stercoralis. Indicative performance of  
parameter could be distinguished by area under 
the curve (AUC). The cutoff was calculated for 
highest sensitivity and specificity which was  
described in our previous study(8). The criteria 
for classification of S. stercoralis positive and  
negative by serum ELISA were based on the  
determined cutoff value. It was considered as 
S. stercoralis positive if the IgG unit ≥ 132 and 
negative if < 132. The correlation between of 
S. stercoralis infection and clinical pathologic  
parameters was investigated. The clinical 
pathologic parameters were analyzed using 
the Chi-square test,  and Mann-Whitney U test. 
Kaplan-Meier survival analysis was used to  
determine the overall survival. A statistical  
significance was considered if p-value < 0.05. 

Results
	 The level of S. stercoralis antibody in CCA 
sera 

	 Complete data of CCA serum samples  
(n=107) were collected from patients diagnosed 
with CCA. The mean age of the patients was 60.37 
years. Out of the total 107 patients, 66 (61.68%) 
were male and 41 (38.32%) were female. Among 
the 76 patients diagnosed with CCA who had  
available chemotherapy data, 45 of them (59.21%) 
had chemotherapy, as shown in table 1. For data 
analysis, the reference value of laboratory results 
from Srinagarind Hospital, Khon Kaen University, 
Thailand was used.
	 CCA serum samples were tested for the  
presence of anti-IgG  antibody in response to S. 
stercoralis infection. A cut-off of 132 units was 
used to determine the detection of the IgG based 
on our previous study (8). The findings demonstrated  
that out of 107 samples, 34 (31.78%) tested  
positive, while 73 (68.22%) tested negative. The 
statistical analysis revealed that there was no 
significant correlation between IgG levels and 
the clinical, pathological, and laboratory data, 
as shown in table 1.

Table 1	 Correlation between S.stercoralis infection, clinicopathological data, laboratory results and  
	 chemotherapy

Variables
S. stercoralis

p-value
N Positive (34) Negative (73)

Age (year)

     <60 54 17 (50.0) 37 (50.7)
1.000

     ≥60 53 17 (50.0) 36 (49.3)

Gender

     Female 41 9 (26.5) 32 (43.8)
0.081

     Male 66 25 (73.5) 41 (56.2)

Size (cm)

     <5 65 25 (73.5) 40 (54.6)
0.089

     ≥5 42 9 (26.5) 33 (45.2)

Location of tumor

     Extrahepatic CCA 27 9 (26.5) 18 (24.7)
0.841

     Intrahepatic CCA 80 25 (73.5) 55 (75.3)
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Variables
S. stercoralis

p-value
N Positive (34) Negative (73)

Histological type

     Non-papillary 45 15 (44.1) 30 (41.1)
0.768

     Papillary 62 19 (55.9) 43 (58.9)

T stage

     0 3 1 (3.1) 2 (2.9)

0.676

     1 23 5 (15.6) 18 (25.7)

     2 29 14 (43.8) 25 (35.7)

     3 28 8 (25.0) 20 (28.6)

     4 9 4 (12.5) 5 (7.1)

Lymph node metastasis

     No 45 13 (41.9) 32 (48.5)
0.546

     Yes 52 18 (58.1) 34 (51.5)

Distance metastasis

     No 103 32 (94.1) 71 (97.3)
0.425

     Yes 4 2 (5.9) 2 (2.7)

Stage

     0 3 1 (2.9) 2 (2.7)

0.600

     1 20 4 (11.8) 16 (21.9)

     2 16 6 (17.6) 10 (13.7)

     3 60 19 (55.9) 41 (56.2)

     4 8 4 (11.8) 4 (5.5)

OV antibody

     Negative 31 8 (23.5) 23 (31.5)
0.397

     Positive 76 26 (76.5) 50 (68.5)

Chemotherapy

     No 31 9 (34.6) 22 (44.0)
0.470

     Yes 45 17 (65.4) 28 (56.0)

Liver function test

Total protein (g/dL)

     Normal (6.6-8.7) 70 20 (60.0) 50 (70.4)

0.076     Low (< 6.6) 25 12 (36.4) 13 (18.3)

     High (> 8.7) 9 1 (3.0) 8 (11.3)

Albumin (g/dL)

     Normal (3.5-5.2) 71 19 (59.4) 52 (73.2)

0.104     Low (< 3.5) 29 13 (40.6) 16 (22.5)

     High (> 5.2) 3 0 (0.0) 3 (4.2)

Table 1	 Correlation between S.stercoralis infection, clinicopathological data, laboratory results and  
	 chemotherapy (Cont.)
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Variables
S. stercoralis

p-value
N Positive (34) Negative (73)

Globulin (g/dL)

     Normal (2.6-3.4) 33 9 (28.1) 24 (34.3)

0.162     Low (< 2.6) 15 8 (25.0) 7 (10.0)

     High (> 3.4) 54 15 (46.9) 39 (55.7)

Direct bilirubin (mg/dL)

     Normal (0.3-1.2) 67 21 (63.6) 46 (65.7)
0.829

     High (> 1.2) 36 12 (36.4) 24 (34.3)

Alkaline phosphatase (U/L)

     Normal (40-129) 37 12 (36.4) 25 (35.2)

0.948     Low (< 40) 8 3 (9.1) 5 (7.0)

     High (> 129) 59 18 (54.5) 41 (57.7)

Complete Blood Count
Hemoglobin (g/dL)

     Normal (13.0-16.7) 46 15 (44.1) 31 (42.5)

0.951     Low (< 13.0) 57 18 (52.9) 39 (53.4)

     High (> 16.7) 4 1 (2.9) 3 (4.1)

Hematocrit (%)

     Normal (40.5-50.8) 50 15 (44.1) 35 (47.9)

0.415     Low (< 40.5) 5 18 (55.9) 35 (47.9)

     High (> 50.8) 3 0 (0.0) 3 (4.1)

WBC count (103/uL)

     Normal (4.6-10.60) 66 20 (60.6) 46 (63.0)

0.928     Low (< 4.6) 4 1 (3.0) 3 (4.1)

     High (> 10.60) 36 12 (36.4) 24 (32.9)

Lymphocyte (%)

     Normal (20.1 - 44.5) 55 19 (55.9) 36 (49.3)

0.282     Low (< 20.1) 46 15 (44.1) 31 (42.5)

     High (> 44.5) 6 0 (0.0) 6 (8.2)

Monocyte (%)

     Normal (3.4 - 9.8) 87 31 (91.2) 56 (76.7)

0.178     Low (< 3.4) 8 2 (5.9) 6 (8.2)

     High (> 9.8) 12 1 (2.9) 11 (15.1)

Eosinophil (%)

     Normal (0.7 - 9.2) 66 16 (47.1) 50 (68.5)

0.102     Low (< 0.7) 23 10 (29.4) 13 (17.8)

     High (> 9.2) 18 8 (23.5) 10 (13.7)

Table 1	 Correlation between S.stercoralis infection, clinicopathological data, laboratory results and  
	 chemotherapy (Cont.)
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Table 1	 Correlation between S.stercoralis infection, clinicopathological data, laboratory results and  
	 chemotherapy (Cont.)

Variables
S. stercoralis

p-value
N Positive (34) Negative (73)

Basophil (%)

     Normal (0.0-2.6) 103 34 (100.0) 69 (94.5)
0.164

     High (> 2.6) 4 0 (0.0) 4 (5.5)
Note: 	 The reference range used in categorizing laboratory results derived from Srinagarind Hospital  
	 laboratory. 

Abbreviation: WBC, White Blood Cell; OV antibody, antibody to Opisthorchis viverrini.

	 Survival analysis and clinicopathological 
data of S. stercoralis infection in CCA patients
The survival analysis of S. stercoralis infection in 
CCA patients showed that there was no correlation 
between S. stercoralis infection and survival time 

(p-value = 0.792). The mean survival rates for 
patients with positive and negative S. stercoralis 
infection were 879.2 and 906.3 days, respectively, 
as shown in figure 1. 

Figure 1 	 Comparison of S. stercoralis infection in CCA patients with and without a history of S. stercoralis  
	 infection (p-value = 0.792).

	 The relationship between CCA patients who 
underwent chemotherapy and their history of S. 
stercoralis infection was examined. The analysis 
revealed no significant link between S. stercoralis  
infection and the response to treatment, as  
indicated in table 1. The investigation of  
S. stercoralis infection in CCA patients revealed 

that there was no significant difference in  
survival rates between patients with and without  
S. stercoralis infection who received chemotherapy  
(p-value = 0.109). The mean survival rates for  
patients with and without a history of S. stercoralis  
infection were 731.8 and 1152.9 days, respectively,  
as shown in figure 2. Moreover, the study found no 
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significant difference in the 5-year survival rate 
of patients with CCA who received chemotherapy, 
regardless of whether they had a S. stercoralis 
infection or not (p-value = 0.173). The mean  
survival rates for patients with and without  
a history of S. stercoralis infection were 578.1 
and 829.3 days, respectively, as shown in figure 
3A. The 3-year survival rate of CCA patients who 

undergo chemotherapy showed no significant 
difference between patients with S. stercoralis 
infection and those without S. stercoralis infection  
(p-value = 0.399). The mean survival rates for  
patients with and without a history of S. stercoralis  
infection were 403.0 and 602.6 days, respectively, 
as shown in figure 3B.

Figure 2	 Comparison of S. stercoralis infection in CCA patients who receive chemotherapy 
	 (p-value = 0.109).

Figure 3 	 Comparison of S. stercoralis infection in CCA patients.
	 (A) receiving chemotherapy at 5-year survival (p-value = 0.173)
	 (B) receiving chemotherapy at 3-year survival (p-value = 0.399)
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	 Comparison of anti-IgG levels in response 
to  S. stercoralis infection between normal and 
CCA sera
	 IgG unit levels between CCA group and 
normal group were investigated and compared. 
CCA patients were classified by using S. stercoralis 
infection status based on and O. viverrini infection 
status. Of 107 CCA patients, positive S. stercoralis 
infection was found in 34 cases (31.78%), while 
negative S. stercoralis infection was found in 73  
cases (68.22%). In CCA patients with positive  
S. stercoralis infection, twenty-six patients 
(34.21%) had O. viverrini infection and fifty patients 
(68.5%) had no O. viverrini infection. In the healthy  
volunteer group, positive S. stercoralis infection 
was found in 5 cases (9.25%), while negative 
S. stercoralis infection was found in 49 cases 
(90.75%).
	 Analysis of IgG unit of S. stercoralis  
infection in all groups was performed by Mann– 
Whitney U test and presented as mean ± SD as 
shown in figure 4. The mean IgG unit values 

of normal group were 351.8 ± 123.4. The CCA  
patients, with evidence of S. stercoralis infection,  
had IgG unit values of 660.8 ± 574.1. There was 
no significant difference between the CCA and 
the normal group (p-value = 0.225). The IgG 
unit values of S. stercoralis in CCA patients with  
O. viverrini infection (CCA OV+) and normal group 
exhibited significant difference (p-value = 0.042). 
Moreover, the IgG unit values of CCA OV+ and  
CCA OV- were highly significantly different  
(p-value < 0.001), providing mean IgG values by  
778.2 ± 607.3 and 279.5 ± 119.1, respectively. No  
significant difference was observed in IgG unit 
values of the CCA OV- and the normal group  
(p-value = 0.284). The findings indicated that 
the IgG levels of S. stercoralis infection were 
significantly different in CCA with OV infection 
status but there was insignificant difference when 
comparing to normal. Focusing on the subgroup of 
CCA, the CCA OV+ had high IgG levels compared 
to the normal group.

Figure 4 	 Comparison IgG unit in each group. 
Note: The data were presented as mean ± SD. Mann–Whitney U test was used in data analysis between 
cholangiocarcinoma patient and healthy people. 
Abbreviations: CCA, cholangiocarcinoma patient; OV+, with the presence of O. viverrini infection;  
OV-, without the presence of O. viverrini infection.
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Discussion
	 Serodiagnosis of S. stercoralis infection 
provided high sensitivity, for instance, indirect 
enzyme-linked immunosorbent assays (ELISA) 
using extracted antigen from S. ratti larvae to 
detect antibody in serum. The S. ratti antigen 
used as a substitute for S. stercoralis due to the 
high cost, challenging extraction process, and 
potential hazard to workers if infected with S. 
stercoralis(6). Previous report found the similarity 
of antigen among S. ratti and S. stercoralis, and 
also provided similar sensitivity and specificity 
in detection(7). IgG was primarily responded to 
surface of filariform larvae (L3), infective stage, 
during S. stercoralis infection(9). Thus, IgG in  
responsive to S. stercoralis infection was inspected  
from CCA patient serum to elucidate the association  
with clinicopathology, laboratory results,  
chemotherapy treatment status and history of  
O. viverrini infection for CCA severity analysis 
and survival rate of patient. In our study, the IgG 
levels of S. stercoralis were significantly elevated 
in individuals with CCA and S. stercoralis infection, 
particularly in the CCA OV+ group compared to the 
normal group. Additionally, within the CCA group, 
the IgG levels were higher in the CCA OV+ group 
compared to the CCA OV- group. An analysis of 
the correlation between IgG levels and clinical 
pathology, chemotherapy treatment status, and 
laboratory data revealed no observed correlation  
between S. stercoralis infection and CCA in any 
of the investigated parameters. It implies that 
there is no requirement for further testing on 
the past presence of S. stercoralis infection 
before starting chemotherapy in CCA patients. 
Another research report examined the association  
between S. stercoralis infection and patients with  
gastrointestinal cancer. The findings demonstrated  
a significantly higher occurrence of S. stercoralis 
infection in patients with gastrointestinal cancer 
compared to the control group (p-value < 0.05). 
Gastrointestinal cancer patients have a 6.7-fold 
chance of S. stercoralis infection more than the 
control(18). Zueter et al(18) evaluated the correlation 

between the detection of S. stercoralis infection 
by real time-PCR and ELISA in cancer patients 
receiving chemotherapy, with or without steroid 
treatment, at a hospital in Malaysia. The result 
showed that the prevalence of S. stercoralis  
infection by using parasite-specific IgG test  
and IgG4 by ELISA test in cancer patients with  
immunocompromised were higher than the  
healthy control group (p-value < 0.05)(19).

Conclusion
	 This study indicated no significant impact 
of IgG antibody levels of S. stercoralis on the 
survival time of CCA patients. Additionally, no link 
was observed between IgG antibody levels and the 
severity of CCA in patients. It implies that there 
is no requirement for further testing on the past 
presence of S. stercoralis infection before starting 
chemotherapy in CCA patients. Nevertheless, this 
study focuses on measuring the concentration  
of antibodies rather than antigens. Directly  
detecting the presence of antigens in an infected  
patient could be more relevant and provide  
insights into the severity of CCA. It is also  
recommended to detect IgG4 antibodies because 
studies have shown that IgG4 is more specific than 
IgG, although it has lower sensitivity(19).

Take home messages  
	 Detection of S. stercoralis infection  
prior to embark chemotherapy in CCA  
patients might not be demanded because of no  
significant correlation among patient’s  
survival, CCA severity, and IgG levels of S. 
stercoralis. Detection of antigens and IgG4 
could be additional evidence to fulfill this 
study.
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