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Abstract 

Purpose: To detect Strongyloides ratti in faecal samples using conventional methods and to confirm the 
identification using a sensitive and specific method, namely, polymerase chain reaction (PCR).  
Methods: A PCR method targeting the small subunit of the rRNA gene was performed in this study for 
the detection of DNA from Strongyloides ratti (an animal model of S. stercoralis) in faecal samples of 
wild Brown rats, Rattus norvegicus. 
Results: Strongyloides ratti was detected in 34.2 % of collected rats by different conventional 
techniques and confirmed by PCR. The essay presented 100 % sensitivity with Strongyloides universal 
primer. 
Conclusion: The findings of this study suggest that the application of PCR with universal primer is a 
very sensitive methodology to detect S. ratti in faecal material of wild rats infected even with very low 
parasite burden.    
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INTRODUCTION 
 
Human parasite S. stercoralis, which was 
discovered for the first time in 1876 by Louis 
Normand, can cause a potentially fatal disease 
for immunosuppressed individuals or for those 
who are undergoing corticosteroid treatment. 
Approximately 30 million people are infected in 
70 countries [1,2]. However, strongyloidiasis is a 
neglected parasitic disease the prevalence of 
which might be underestimated in many 
countries. 

 
Eosinophilia could be an indication of S. 
stercoralis infection. However, it is usually mild 
(5-15 %) and nonspecific [2].Stool examination is 
still considered the primary technique for the 
detection of S. stercoralis infection. This routine 
method remains insensitive and dependent on 
the skill and training of the laboratory staff [3]. 
 
Highly efficient agar plate culture (APC) method 
can detect more than 90 % of positive cases of 
strongyloidiasis, even when only a few worms 
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are present. To assist in the primary identification 
using APC, some researchers suggested the 
analysis and comparison of the larval furrows left 
by Strongyloides and very close hookworms’ 
species on the agar plate surface [4]. The 
mobility pattern of these larvae on the surface of 
agar can be exploited and used to confirm the 
diagnosis [5].       
 
The disadvantage of this method is that, it is time 
consuming due to the minimal number and 
irregular output of the eggs and larvae in the 
stool, especially in cases of chronic infections. 
Moreover, fresh stool samples that have not 
been refrigerated are recommended for cultures 
as this method mainly dependent on the 
movement of live larvae over an agar plate 
surface [6,7]. To overcome the limitations of 
using the classical method utilized in the 
diagnosis of strongyloidiasis, various sensitive 
and specific molecular methods such as 
conventional Polymerase Chain Reaction (PCR)-
based technique have been developed. PCR has 
been associated with higher sensitivity than 
classical parasitological methods during 
infections with lower intensity [3,8]. 
 
The rat-invading nematode Strongyloides ratti 
which is naturally occurring in wild rodents is an 
ideal organism to work with in the laboratory and 
is widely used as an experimental infection 
model to study strongyloidiasis [9]. Full length S. 
stercoralis small subunit rRNA (ssrRNA) gene 
sequence shows 90 % identity with that of rat 
nematode, S. ratti  and both sequences show 
similar identities to the Caenorhabditis elegans 
ssrRNA gene over full-length sequence (68 % 
and 70 % identity with S. ratti and S. stercoralis, 
respectively) [10,11]. 
 
In the present study, we aimed to provide a 
universal detection tool that can also be used in 
the S. stercoralis infection in clinical setting.  
 
EXPERIMENTAL  
 
Rat collection 
 
Seventy wild Brown (Norway) rats, Rattus 
norvegicus were caught and examined. They 
were trapped in the period between January and 
March, 2013 from resident, shops, and 
restaurants areas of some places in Seri 
Serdang, Balakong, and South City. All the 
captured rats were maintained at the Animal 
Research Unit, Faculty of Medicine and Health 
Sciences, Universiti Putra Malaysia (UPM). 
 

Stool examination 
 
Stool samples were collected from trapped rats 
and direct faecal smear slides were prepared 
and examined under a light microscope to detect 
helminth eggs and rhabditiform larvae. Some 
slides were stained with Lugol’s iodine stain to 
observe the internal structures of the detected 
stage. Detected stages were analysed using an 
Image Analysis Software (Nikon Corporation, 
Japan). 
 
Recovery of adult worms from small intestine 
 
Infected rats were killed with high doses of 
diethyl ether. The small intestines were removed, 
slit longitudinally and their contents were 
removed. The luminal surface was washed and 
incubated in warm (~34 °C) physiological saline 
for 2 h using Baermann technique. Adult worms 
were then recovered from the sediments of 
Baermann funnel. Collected adults were fixed in 
70 % ethanol, cleared and mounted on slides for 
species identification 
 
Agar plate culture 
 
Agar Plate Culture (APC) method was performed 
for all collected stool samples. Briefly, 2 g of 
each sample was placed in the center of plastic 
petri dish containing approximately 20 mL of 
nutrient agar. Dishes were sealed with parafilm 
tape to prevent larvae from crawling out of the 
plate and were incubated at 26 – 28 °C (Labwit 
incubator, Shanghai, China). Plates were 
monitored daily for up to 3 days by 
stereomicroscope for the presence of marks of 
motile larvae and further extended for negative 
cases. After the crawling tracks were noticed, 
larvae were isolated by washing the agar surface 
with 10 mL of phosphate-buffered saline (PBS), 
cleaned with PBS several times, fixed on slides 
using some drops of Lugol’s iodine solution and 
examined under light microscope. Isolated larvae 
were diagnosed based on the morphological 
characteristics and measurements. 
 
Molecular identification 
 
DNA extraction 
 
Genomic DNA from eggs and rhabditiform larvae 
of S. ratti in fresh faecal samples was extracted 
with QIAamp DNA stool mini kit (QIAGEN, 
Hilden, Germany) as described by the 
manufacturer. The concentration and purity of 
the extracted DNA was measured using 
NanoDrop® ND-1000spectrophotometer 
(ThermoFisher Scientific, USA). DNA samples 
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were aliquoted and stored in -30 °C freezer for 
further use. 
 
Detection of 28S rDNA gene 
 
The oligonucleotides primer pair, StroS (Forward 
5’-TTAGAGTCGTGTTGCTTGGAA-3’and StroAS 
(Reverse 5’-GTGCAACTGGCTCTGTATGC-3’) 
[12] was used in the current assay. Strongyloides 
ratti partial 28S rDNA sequence was obtained 
from the GenBank (accession U39490), 
submitted to BLAST and searched against Homo 
sapiens, Rattus norvegicus, Nippostrongylus 
brasiliensis, S. venezuelensis and S. muris 
genome sequences. 
 
Final PCR reaction mix contains 12 µL of 1x 
GoTaq® Green Master Mix (Promega, USA), 1-2 
µL of each primer pair (0.1-1.0 µM), 1-5 µL DNA 
template, and Nuclease-Free water up to 25 µL. 
A blank tube was used as a negative control to 
indicate absence of environmental 
contamination. Thermal cycling (Biometra, 
Germany) include initial denaturation at 95 °C for 
5 min, follows by 35 cycles of 95 °C for 5 sec 
(denaturation), 50 °C for 20 sec (annealing for 
primer pair), 72 °C for 30 sec (extension) and 72 
°C for 5 min (final extension).  
 
Gel electrophoresis of PCR product 
 
PCR products were analyzed on agarose gel 
electrophoresis in 1 % of 1X TBE buffer 
prestained with 1X GelRed at 80 V for 2 h. 
Molecular markers (Vivantis, UK) were run as 
indicators of the size of PCR amplicon. Gels 
were visualized under UV light transilluminator 
and photographed. 
 
Gene sequencing and alignment 
 
PCR products from representative samples were 
purified using QIAquick PCR purification kit 
(QIAGEN, Hilden, Germany) as described by the 
manufacturer and sent for sequencing 
(FirstBase, Singapore) to confirm the identity of 
the gene sequence. The nucleotide sequence 
was then downloaded and aligned with those 
from the GenBank database to obtain the 
percentage of homology using BLAST 
(www.ncbi.nlm.nih.gov/BLAST). 
 
RESULTS 
 
Morphological characterization of S. ratti 
 
Out of 70 rat samples collected from study sites, 
24(34.2 %) were found microscopically positive 
(Figure 1).  
 

 
 

 
 

 
 

 
 

 
 
Figure 1: Strongyloides ratti from present study. A: 
Egg; B: Rhabditiform larva; C: Whole filariform larva; 
D: Notched tail of filariform larva; E: Free-living adult 
worms 
 
Agar Plate Culture (APC) result confirmed the 
positive cases by monitoring the mobility pattern 
of nematode larvae on the surface of an agar 
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plate and differentiate larval stages of 
Strongyloides from those closely related, 
hookworm species. 
 
Parasitological examination of stool samples 
revealed the presence of all parasitic stages of 
nematode that were identified as S. ratti based 
on the following characteristic features. 
 
Eggs  
 
The eggs were identical in appearance, though 
slightly variable in size and ellipsoidal with 
extremely thin walls. The dimension of width was 
about half that of length. Eggs of parasitic female 
in early cleavage when deposited may or may 
not undergo development before leaving the 
host. 
 
Rhabditiform larvae 
 
Newly hatched larvae with bulbed esophagus of 
nearly one-third body length. The head and two 
cephalic lobes separated by transversely 
elongated, oval mouth. Buccal cavity (stoma) is 
short. Nerve ring at anterior end. Intestine patent. 
Visible genital primordium and the tail ending 
abruptly. 
 
Filariform larvae 
 
The larvae were slender, esophagus filariform 
with a length approximately 40 % that of body 
length with no prominent bulb, tail notched, 
cuticle finely striated; lateral alae double. The 
head bearing two inconspicuous lateral cephalic 
lobes, mouth small, and pore like, buccal cavity 
shallow. 
 
Parasitic female 
 
Parthenogenetic females live embedded in 
mucosal epithelium of the gastrointestinal tract, 
slender in shape and body wall thin. Cuticle finely 
striated. The tail is short and abruptly tapered. 
The head with circumoral elevation, lips lacking. 
Mouth dorso-ventrally elongated with shallow 
buccal cavity. Esophagus is long and composed 
of two distinct portions, muscular portion, anterior 
to the nerve ring and posterior glandular portion. 
Reproductive system without seminal receptacle. 
The Vulva is about two-third body length from 
anterior end, a pair of prominent muscles 
surround a transverse opening. Vagina and 
oviduct are short. Ovaries long, with reflexed 
loops spiraling around the intestine or running 
parallel with intestine. Eggs in single row in 
uterus. 

The direct smear method had the lowest 
sensitivity for the detection of S. ratti (25.7 %), 
identifying rhabditiform larvae and eggs only in 
18 cases. 
 
Agar plate culture increased the number of S. 
ratti positive samples detected by direct smear 
by 25 %, diagnosing an additional 6 cases that 
were not diagnosed by direct smears (Figure 2). 
 

 
 
Figure 2: Agar plate culture of the stool samples from 
wild rat infected with Strongyloides ratti, arrows 
indicate the tracks of the infective larvae 
 
Molecular characteristics of S. ratti 
 
DNA from the isolated nematode morphologically 
identified as S. ratti by direct faecal smear and 
APC were successfully extracted. A 180 bp 
amplification band was obtained by PCR using 
DNA samples extracted from all these samples. 
No bands were noticed in the negative control 
sample indicating that there was no 
contamination in the reaction and the amplicon 
only resulted from the DNA amplification of the 
isolated nematode (Figure 3). PCR products that 
were sent for sequencing found to be 91 % 
homologous of S. ratti 28S rDNA nucleotide 
sequence (GenBank accession number 
U39490). 
 
Polymerase Chain Reaction was a highly 
sensitive method for the detection of DNA of S. 
ratti, identifying 100 % of the positive cases with 
APC technique. Diagnostic specificity was 100% 
for all samples that identified by the conventional 
diagnostic methods. 
 
DISCUSSION 
 
Soil-transmitted helminths have a significant 
impact on public health in affected countries [13]. 
Many parts of Southeast Asia are ideal 
ecological and socio-economical settings for S. 
stercoralis. Reported cases from some Asian 
countries showed prevalence rates above 20% 
for S. stercoralis [14,15]. Precise and reliable  
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Figure 3: PCR amplification of 28S rDNA gene using universal primer. Note: M = 100 bp; Ladders: 1 – 5 = PCR 
products from selected samples (180 bp); 6 = negative control 
 
diagnostic methods remain crucial for public 
health interventions as the prevalence of S. 
stercoralis still underestimated due to low 
sensitivity of routinely diagnostic techniques [2]. 
 
The time required, high costs are the main 
reasons that clinical laboratories do not prefer 
APC for the routine diagnosis of strongyloidiasis. 
Furthermore, the technician exposure to the 
infective filariform larvae is the main risk 
associated with this technique. This could be 
reduced if APC is carefully manipulated.  
 
The efficiency and sensitivity of APC were 
confirmed in this study as the direct stool 
examination failed to detect 6 cases of S. ratti 
that were detected by APC and confirmed by 
PCR.  
 
For time saving, all stool samples in the current 
study were subjected to a single stool 
examination by APC. Based on Zaha et al [16], 
single examination of stool specimen by APC 
would detect most of S. stercoralis infections, 
repeating an examination may not be necessary 
and usually does not increase the detection rate 
significantly from that of the first examination. 
However, it is highly recommended that APC 
method should be performed for at least four 
consecutive days and daily search for furrows of 
parasitic stage of S. stercoralis on agar to 
increase the sensitivity of the technique. 
 

The difference can be attributed to the high S. 
ratti burden in this study in comparison with most 
studies which documented low burden of S. 
stercoralis in human stool. The majority of 
positively recorded cases of S. ratti had high 
output of eggs and rhabditiform larvae. These 
stages in most of our cases can easily be seen in 
the direct stool smear preparation except for 
those which were negative using this method. 
Negative cases with direct smear were also 
successfully identified by performing a single 
examination with the APC which may support the 
hypothesis that APC is less likely to be affected 
by the fluctuation of eggs and larval output 
noticed in the conventional direct smear 
preparations as mention by Uparanukraw et al 
[17]. 
 
Our molecular assay was designed to target the 
28S rRNA gene sequence of Strongyloides 
species, exists in various copies. So, the 
probability of detection of this gene should be 
increased compared to that of single copy genes.  
Targeting multi-copy genes has already 
extensively been used for other pathogens [12]. 
 
The assay allows the simultaneous detection of 
S. ratti, S. stercoralis, S. fuelleborni, S. robustus, 
S. calloscinreus and S. procyonis. Among them, 
only S. ratti is known to cause infection in rat, 
which increases the specificity of this assay for 
definitive identification of S. ratti.  
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Strongyloides ratti was first recorded in Malaysia 
by Hall [18] from unidentified house rats. 
Furthermore, Dunn et al [19] described helminth 
parasites of rats including S. ratti from Pulau 
Tiomon and Pulau Tikus islands. Leong et al [20] 
and Inder et al [21] completed the description of 
S. ratti and ten (10) other nematodes from house 
rat R. rattus in Kuala Lumpur and Ulu Endau, 
Johor, respectively. Furthermore, in the study of 
Sinniah [22], S. ratti and Angiostrongylus 
cantonensis were found the most prevalent 
nematode infections in eight (8) rodent species in 
peninsular Malaysia. Strongyloides ratti was 
identified from all the above studies based on 
morphological characteristics and no molecular 
confirmation was introduced. 
 
Strongyloides ratti and S. venezuelensis are 
similar; their rhabditiform or filariform larvae 
resemble each other morphologically and very 
difficult to distinguish between species based on 
morphology. However, they are significantly 
separated genetically (mostly through 
apomorphic changes in the S. venezuelensis 
ssrDNA gene sequence) despite inhabiting the 
same hosts [23]. This point could be positively 
exploited to molecularly differentiate between the 
two common rat's nematodes using current 
assay. 
 
Molecular methods established for identification 
of Strongyloides spp. could be useful for the 
early diagnosis of strongyloidiasis in 
asymptomatic patients that will undergo 
immunosuppressive therapy [24-26]. However, 
optimization of DNA extraction and PCR assays 
for the detection of intestinal nematodes in stools 
are challenging due to the presence of complex 
and resistant cuticle of nematodes and bacterial 
proteases, nucleases, cell debris, and bile acids 
that are relatively common in stools, which may 
inhibit DNA amplification and negatively influence 
the PCR results [27,28]. 
 
CONCLUSION 
 
This is the first molecular identification of the 
nematode S. ratti in Malaysian rats. The present 
study provides evidence based on the 
combination of conventional and molecular tools 
for a definitive diagnosis of strongyloidiasis. It 
depends on the microscopic demonstration of 
parasites, increasing the sensitivity of the 
detection that would require the use of different 
parasitological methods, including PCR. There is 
yet no reported case of infection in rats with 
Strongyloides species in Malaysia other than S. 
ratti. The present study shows that 28S rDNA, as 
a genetic marker, exhibits a high level of 

specificity to S. ratti. The technique potentially 
amplifies DNA of other Strongyloides species, 
such as S. stercoralis, S. fuelleborni, S. robustus, 
S. calloscinreus and S. procyonis, but does not 
amplify DNA from a range of other common rat 
nematodes in Malaysia. 
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