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it becomes increasingly significant when the levels are
elevated. It is important to determine the proportion of
cholesterol derived from LDL and Lp(a) independently
because it is well established that many cholesterol-lowering
agents (e.g., statins) are effective in lowering plasma LDL-C
but have little or no effect on Lp(a). �
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Dientamoeba fragilis is a human intestinal protozoan parasite
that was described originally by Jepps and Dobell in 1918.1

Initially it was thought to be an amoeba but subsequent
studies showed that it shared antigens with the flagellates
Histomonas and Trichomonas.2,3 Transmission electron
microscopy (TEM) studies confirmed many trichomonad-
like aspects of D. fragilis ultrastructure and accordingly it
was reclassified to reflect this.4 However, it was not until
Silberman et al.5 sequenced the small subunit ribosomal RNA
(rRNA) gene of D. fragilis that it was shown conclusively to
be a trichomonad, albeit one without a flagellum. 

D. fragilis remains a little-studied parasite despite
numerous reports linking it with gastrointestinal
symptoms.6–9 This may be explained in part by the difficulties
associated with the diagnosis of D. fragilis infection, and
certainly many laboratories in the UK do not use suitable
methodologies for its detection.10 D. fragilis does not have 
a known cyst stage, and, as the nuclei are not visible in saline
or iodine preparations, the trophozoite is difficult to detect
in direct microscopy.11 Permanently-stained smears or faecal
culture techniques are the recommended detection methods
for D. fragilis.12

D. fragilis has a worldwide distribution and is one of the
most common intestinal protozoa when suitable methods
are employed.12 The numbers of D. fragilis detected and

reported to the Communicable Disease Surveillance Centre
(CDSC; www.hpa.org.uk/cdr/) in England and Wales remain
relatively low, although this is likely to be a gross
underestimation of the true prevalence. In a previous report,
using a sensitive culture method, D. fragilis was detected in
2.6% (25/976) of unselected specimens.13 One of the
advantages of using the culture method is that isolates can
be typed subsequently using molecular methods.

Johnson and Clark14 analysed D. fragilis ribosomal genes
using a polymerase chain reaction (PCR)–restriction
fragment length polymorphism (RFLP) technique
(riboprinting). They found evidence for two genetically
distinct variants; however, the number of isolates
investigated was small (n=12). The degree of divergence
(about 2%) between these variants is comparable to that
between the pathogenic Entamoeba histolytica and the non-
pathogenic E. dispar (which are morphologically
indistinguishable). In view of this it seems plausible that the
existence of genetic variants might be associated with the
variable symptomatology of infection. 

In the present study, D. fragilis isolates are typed using
riboprinting to investigate further the degree of genetic
diversity in a larger sample size, in order to add to the
limited data available. 

All faecal specimens sent to NPHS Aberystwyth were
cultured routinely for intestinal protozoa using Robinson’s
culture method.15 Over an 18-month period, 43 positive 
D. fragilis cultures were obtained. All were confirmed as 
D. fragilis using a trichrome stain after fixation with
Schaudinn’s fixative. Cells were pelleted and lysed in 
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Fig. 1. RsaI digest patterns of D. fragilis PCR-amplified SSU-rDNA.
M: 100-bp molecular weight marker. Lane 1: genotype 2 (Bi/pa).
Lanes 2–9: all genotype 1 (NPHS Aberystwyth isolates).



0.25 mL 0.25% sodium dodecyl sulphate in 0.1 mol/L EDTA
(pH 8). DNA was extracted as previously described.16

Primers TRD5 (GATACTTGGTTGATCCTGCCAAGG) and
TRD3 (GATCCAACGGCAGGCCAAGG)5 were used under
standard conditions for PCR amplification. These only
amplify trichomonad small-subunit rRNA genes (SSU-
rDNA). Amplification was achieved using 30 cycles of 94˚C
for 1 min, 55˚C for 1.5 min, and 72˚C for 2 min. The PCR
amplification was validated with positive and negative
controls. A 1.7-kbp PCR product was produced, digested
with the restriction enzymes RsaI and DdeI, and the
fragments separated in 1.5% agarose gel. 

The SSU-rDNAs were amplified successfully from 33 of
the 43 lysates studied. Five lysates did not produce an
amplification product, and in a further five the amount of
product was too small to permit typing. This is likely to
reflect inherent problems associated with DNA extraction
from samples derived from faeces. Whenever possible,
positive cultures were subcultured in an effort to limit the
effect of any potential inhibitors that might be present. 

However, some positive cultures only contained small
numbers of D. fragilis and these were not subcultured
successfully. The 33 amplified D. fragilis DNAs all produced
the SSU-rDNA 1.7-kbp amplification product. After
digestion with the restriction enzymes, all 33 were found to
give the same pattern (genotype 1; Figs. 1 and 2). This is the
more common of the two types described by Johnson and
Clark.15 The rarer genotype (genotype 2) has only been
found in two cases: a two-year-old child from the UK with

no history of travel, and the Bi/pa isolate studied by Camp 
et al.4 and Silberman et al.,5 which was isolated in Illinois in
1948. 

Recently, Peek et al.17 amplified D. fragilis directly from
human stool specimens using a single-round PCR method.
They designed specific Dientamoeba primers, DF1 and DF4,
which amplified the region from positions 100 to 761 of the
SSU-rDNA. The amplicon produced was much smaller than
the complete coding region but the two known genetic
variants could still be distinguished using the restriction
enzyme DdeI. Microscopy-positive D. fragilis specimens were
analysed from symptomatic patients (n=53; 20 children, 24
adults, and nine travellers) and asymptomatic carriers (n=6).
All 59 PCR-positive samples were assigned to the more
common genotype 1. 

The results of the present study confirmed the findings of
Peek et al.17 and showed that D. fragilis displays very little
variation in its SSU-rDNA, and that genotype 2 is rare. 
The Bi/pa isolate (genotype 2) is the culture deposited with
the American Type Culture Collection (ATCC) and has been
the source of material for all D. fragilis studies undertaken to
date. However, in view of the degree of sequence divergence
between the ribosomal genes of the two genotypes, results
obtained with Bi/pa may not be representative of the entire
species. 

Although riboprinting has been used to great effect in
distinguishing E. histolytica from E. dispar18 and in typing
Blastocystis hominis,19 among other applications, it would
appear to have limited value with D. fragilis. However, more
data are needed from patients with different
symptomatology (e.g., irritable bowel disease, acute and
chronic diarrhoea) and from different geographical areas to
substantiate or refute this observation. �
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Fig. 2. DdeI digest patterns of D. fragilis PCR-amplified SSU-rDNA.
M: 100-bp molecular weight marker. Lane 1: genotype 2 (Bi/pa).
Lanes 2–9: all genotype 1 (NPHS Aberystwyth isolates).
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Laboratory diagnosis of hepatitis C virus (HCV) infection
began a decade ago with the introduction of an enzyme-
linked immunosorbent assay (ELISA) technique.1 Now,
highly sensitive third-generation immunoassays that detect
antibodies to structural and non-structural proteins in serum
are available.

Diagnosis of HCV infection cannot be made on the basis of
ELISA alone, as this technique is not sufficiently specific,
especially when testing blood donors, and confirmatory
testing by recombinant immunoblot assay (RIBA) is required.2

Diagnosis is also possible by nucleic acid testing (NAT).
Reverse-transcription polymerase chain reaction (RT-PCR)
assays are available for the detection of viral RNA in plasma
or serum. However, some cases of HCV infection can
produce variable NAT results,3 and this initiated the
production of new Centers for Disease Control and
Prevention (CDC) guidelines to confirm infection with HCV.4

The guidelines suggest an initial ELISA screen followed by
confirmatory RIBA and/or NAT testing, and use of the
signal-to-cut-off (S/Co) value of third-generation screening
methods to help guide the need for supplemental testing.
The S/Co results are divided into negative, weak positive
and strong positive. The guidelines suggest that samples
which test positive by the screening test with a high S/Co
ratio do not need a confirmatory test. 

This retrospective study, which looked at all Saudi blood
donors who tested HCV-positive on screening
immunoassay, aims to evaluate the new guidelines in
relation to detecting true HCV-positive Saudi donors by
confirmatory RIBA testing.

Blood donors at King Fahad National Guard Hospital
undergo strict selection based on criteria laid down by the
American Association of Blood Banks (AABB) and College of
American Pathologists (CAP). Donors complete a
questionnaire and are interviewed before donation. 

Recently, a third-generation micro-particle enzyme
immunoassay (MEIA) for HCV antibody testing was
introduced on the Axsym system (Abbott). The assay detects
antibodies to structural and non-structural HCV
recombinant proteins. This test is US Food and Drug
Administration (FDA) approved for the screening of donors
for HCV antibodies. 

A total of 208 blood donors were recruited for this study.
Results were expressed as the S/Co ratio, which is calculated
by dividing the sample rate by the cut-off rate. Cut-off rate is
calculated from the mean of two index calibrators. The kit
uses S/Co <1.0 as negative and ≥ 1.0 as initially positive. All
positive samples were repeated in duplicate. 

All 208 donors were tested by RIBA (Chiron V3.0 strip blot
assay) to confirm the presence of HCV antibodies. Specificity
and sensitivity were calculated using the following
equations: specificity=true negative x 100/(true negative +
false positive); sensitivity=true positive x 100/(true positive
+ false negative).

Of the 208 blood donors studied, 111 were positive by
screening assay (S/Co ≥ 1.0). Supplementary RIBA testing
was carried out on all 208 samples; however, none of the 97
donors that were HCV-negative by ELISA gave a positive
RIBA result. The results presented in Table 1 suggest that a
cut-off value of 1.0 was non-specific and that the majority of
positive screening results were false positives. 

All 16 samples positive by RIBA gave very high ELISA
readings (S/Co >16). In the Saudi population studied, an
S/Co value of 1.0 for the MEIA screening assay resulted in
specificity of 50.5% and sensitivity of 100%. When an S/Co of
16 was applied to the 111 positive screening assay results, 
all 16 donors with an S/Co value >16 were positive by RIBA
(specificity 100%, sensitivity 100%).

The results presented here suggest a poor correlation
between the MEIA screening assay and RIBA results. The
Abbott third-generation MEIA assay, run on the Axsym
system (Abbott), showed a low specificity for the detection of
HCV-infected Saudi blood donors. Furthermore, the
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