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a b s t r a c t

Background: PCR is rapidly replacing traditional methods in diagnostic virus laboratories. PCR inhibitors,
which are often present in clinical samples, may lead to false negative test results.
Objectives: The aim was to study the presence of PCR inhibitors in stool samples collected from 3- to
24-month old children.
Study design: Total RNA fraction extracted from stool samples was spiked with a standardized amount of
Semliki Forest Virus RNA and amplified using specific PCR primers. The presence of PCR inhibitors was
detected by a decrease in amplification rate compared to spiked water samples. Inhibition in different
age groups and dietary origin of PCR inhibitors were analyzed by comparing the samples taken during
exclusive and non-exclusive breastfeeding periods. The inactivation of PCR inhibitors was also assessed.
Results: Complete inhibition was seen in 12% (13/108) and partial inhibition in 19% (21/108) of the sam-
ples. Inhibition was seen in none of the stool samples (0/31) taken from infants younger than 6 months
compared to 17% of samples (13/77) taken from 6 to 24 months old infants (p < 0.036). Breastfeeding was
more common in younger age group. Addition of bovine serum albumin (BSA) into the reaction mixtures

eliminated the effect of inhibitors leading to all samples being positive.
Conclusions: PCR inhibitors are frequent in stool samples. They may originate from dietary components
and can lead to false negative PCR results. The addition of BSA to the cDNA and PCR reactions proved to
be an easy and effective method for eliminating the inhibitory effect of these compounds.
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. Background

Methods based on polymerase chain reaction (PCR) have

eplaced many traditional virus detection assays in clinical virus
aboratories. In spite of their superior sensitivity, they have also

eaknesses, which limit their use in virus diagnostics. One of these
roblems is caused by PCR inhibitors, which are often present in

Abbreviations: PCR, polymerase chain reaction; RNA, ribonucleic acid; BSA,
ovine serum albumin; cDNA, complementary DNA; DIPP, Finnish Type 1 Dia-
etes Prediction and Prevention study; HBSS, Hank’s balanced salt solution; SFV,
emliki Forest Virus; BHK-21, Syrian hamster kidney cell; dNTP, deoxyribonu-
leotide triphosphate; DNA, deoxyribonucleic acid; RT-PCR, reverse transcription
olymerase chain reaction; cps, counts per second.
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clinical samples and may lead to false negative results.1 Such inhi-
bition can be detected using an internal control in the PCR reaction.

Although PCR inhibitors seem to be common in stool samples,
disturbing detection of viruses and other microbes, little atten-
tion has been paid on the potential biases caused by these poorly
defined PCR inhibitors. The quality and quantity of inhibitors varies
between samples, and several kinds of PCR inhibitors have been
characterized including phenolic compounds, glycogen, fats, cellu-
lose, constituents of bacterial cells, non-target nucleic acids and
heavy metals.2,3 However, it is not known if the concentration
of these inhibitors in stool samples correlates with differences in

dietary factors, gut microbiota or other factors in our environment
or lifestyle. Furthermore, previous studies aiming at characteriza-
tion of these inhibitors have been based on small sample series.
Indeed, the overall analytical impact of PCR inhibitors is still a mat-
ter of controversy.

http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:Sami.Oikarinen@uta.fi
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72 ◦C for 1 min. Final extension was at 72 ◦C for 7 min. PCR ampli-
cons were linearly quantified by a liquid-phase hybridization assay8

using a samarium labelled probe (5′-GACGGAAATGCCTTCTG-3′)
(PerkinElmer, Turku, Finland) specific for SFV.

Fig. 2. Amplification of Semliki Forest Virus RNA from spiked stool and water sam-
ples using RT-PCR. The Y axis represents detection of amplification products using
a Semliki Forest Virus specific probe in a liquid-phase hybridization assay (fluo-
12 S. Oikarinen et al. / Journal of

Various methods have been developed to remove or inactivate
hese inhibitors. Many nucleic acid extraction methods can elim-
nate part of the PCR inhibitors but their efficiency varies and is
ar from complete. Consequently, the selection of the nucleic acid
xtraction method is a trade-off between sensitivity of nucleic acid
xtraction and the efficacy of removal of inhibitors.4 Previous stud-
es have shown that inhibitors can partly be inactivated or bound by
everal compounds such as betaine, bovine serum albumin (BSA),
ormamide, glycerol, gp32, nonidet P-40 and tween.5 The amount of
CR inhibitors can also be reduced after nucleic acid extraction, but
hese methods are time consuming and reduce the yield of nucleic
cids, limiting their value in clinical diagnostics.

. Objectives

This study evaluates the frequency and effect of PCR inhibitors
n a large number of stool samples to assess how frequently they
ould lead to false negative findings in PCR analyses. In addition, we
nalyzed inhibition in different age groups and how these inhibitors
orrelate with the diet (simple diet based on breastfeeding vs. com-
lex diet based on supplementary food). Finally we studied the
fficiency of BSA in the removal of these inhibitors.

. Study design

.1. Subjects

Stool samples (N = 108) were collected from 27 infants aged from
to 24 months (mean age 10 ± 6 months) during their prospective
bservation starting from birth. These children participated in the
innish Type 1 Diabetes Prediction and Prevention (DIPP) study.6

or the first 2 years of the child’s life the family was asked to record
he age at introduction of all new foods and end of breastfeeding on
continuous form, which was checked by trained study nurses at 3,
, 12, 18 and 24 months visits.7 The children were categorized into
wo groups: children who were exclusively breastfed, and children
ho received supplementary food.

.2. Nucleic acid extraction

Stool specimens were first suspended (1:10) into HBSS (Hank’s
alanced salt solution) supplemented with gentamycin sulphate
Biological Industries, Israel), Fungizone (Amphotericin B), peni-
illin G, and 4% BSA (Calbiochem, USA) and RNA was extracted
rom 140 �l of this suspension using silica columns (QIAamp Viral
NA Kit, Qiagen, Hilden, Germany). From selected samples RNA
as extracted also by MagNA Pure LC Total Nucleic Acid Isolation
it (Roche, Mannheim, Germany) using automated nucleic acid
xtraction robot (MagNA Pure LC Instrument, Roche, Mannheim,
ermany), which is based on magnetic coated glass particles.
xtractions were performed according to the manufacturer’s pro-
ocols.

.3. Detection of PCR inhibition

The nucleic acid fraction which was extracted from the stool
ample suspension was first spiked with a standardized amount
f Semliki Forest Virus (SFV) RNA prior to RT-PCR reaction. This
FV RNA was originally extracted from SFV-infected Syrian ham-
ter kidney (BHK-21) cells using silica columns (QIAamp Viral RNA

it) and was added to the cDNA mastermix to ensure that it was
resent in equal titres in all experiments (100,000 copies of SFV
NA/reaction). SFV RNA diluted in water was used as a positive
ontrol, to which the magnitude of possible inhibition was com-
ared (Fig. 1). The RT reactions were performed using RT-buffer
Fig. 1. Summary of study design.

(Promega, Madison, WI, USA), 0.5 mM dNTP (Pharmacia Biotech,
Uppsala, Sweden), 4 U of RNase inhibitor (Promega), 50 pmol
SFV-specific reverse primer (5′-TGCATGGTCATTTGGTGTGACC-3′),
20 U of Moloney murine leukemia virus reverse transcriptase
enzyme (Promega) and 10 �l of the RNA template. Parallel reac-
tions were performed with 0.5% of BSA added to the reaction
mixture. The total volume of RT-PCR reaction was 40 �l. Reac-
tions were incubated at 37 ◦C for 60 min. PCR reactions were done
using 0.2 mM dNTP, 0.2 �M of SFV-specific primers (biotinylated
forward primer 5′-ATGGCGGATGTGTGACATAC-3′; reversed primer
5′-TGCATGGTCATTTGGTGTGACC-3′), 1 U of DyNazyme DNA Poly-
merase, (Finnzymes, Espoo, Finland) and 10 �l of template cDNA.
Parallel reactions were performed using 0.35% of BSA in the PCR
mixture. The total reaction volume was 100 �l. cDNA template
and primers were denaturated at 94 ◦C for 3 min, followed by 40
cycles each consisting at 94 ◦C for 30 s, at 53 ◦C for 45 s and at
rescence counts per second). White bars indicate results obtained without BSA in
RT-PCR reaction and gray bars results with BSA. Negative control represents back-
ground signal of non-spiked water control. The median for each dataset is indicated
by the black center line, and the box presents the middle 50% of the dataset. The
ends of the vertical lines indicate the minimum and maximum data values, unless
potential outliers are present as asterisk.
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Fig. 4. Correlation between the two nucleic acid extraction methods in the detection
ig. 3. Effect of age and diet on the level of PCR inhibitors in stool samples. White
ircles indicate exclusive and black circles non-exclusive breastfeeding samples.
ample series collected from each individual are connected with line. Dash line
ndicates the detection limits.

.4. Statistical analyses

Frequency of inhibited samples was analyzed under 6 months
nd from 6- to 24-month old groups. Firstly, means of both groups
ere calculated for every child and further the means were tested
sing Wilcoxon test. A p value <0.05 was regarded significant.

. Results

The presence of RT-PCR inhibitors was first tested in 108 stool
amples. The amplification of SFV RNA was clearly lower in stool
ample extracts compared to water sample extracts. Median fluo-
escence intensity in the hybridization assay was 12.268 counts per
econd (cps) in water samples and 9.790 cps in stool sample extracts
Fig. 2). When the cut-off limit for SFV RNA positive samples was
et to a level representing five times the cps of non-spiked water
ample extract (this is usually used as the cut-off limit in our diag-
ostic PCR tests), the amplification of SFV RNA (100,000 copies of
FV RNA per reaction) turned completely negative in 12% (13/108)
f the stool samples. In addition, almost complete inhibition (75%
r higher reduction in cps values) was detected in 7% (8/108) of the
amples. Accordingly, altogether 19% (21/108) of the stool samples
ncluded such a high amount of PCR inhibitors that a false nega-
ive result in diagnostic RT-PCR assays was possible. The presence
f PCR inhibitors in the stool samples was tightly associated with
ge of the child, as none of the 31 stool samples taken from younger
han 6 months old infants were negative, whereas 13 (17%) out of
he 77 samples taken from children aged 6–24 months were inhib-
ted (p < 0.036). In the age group of less than 6 months, 61% of the
amples were collected in the exclusive breastfeeding period, in the
ge group from 6 to 24 months only one sample was collected in
he period of breastfeeding, the sample was not inhibited (Fig. 3).

All samples were also tested in parallel using BSA in the RT and
CR reactions. Addition of BSA eliminated the RT-PCR inhibition
ffectively leading to comparable results in SFV RNA-spiked stool
nd water samples (median 9.146 cps vs. 10.630 cps; Fig. 2). Even the
3 samples with complete inhibition turned clearly positive after
he addition of BSA to the RT-PCR reactions (median 182 cps without
SA vs. 8.506 cps with BSA).

We further analyzed the ability of two different nucleic acids
xtraction methods, silica columns and magnetic coated glass

articles, to remove PCR inhibitors using the 13 samples, which
ontained the highest amounts of PCR inhibitors (complete inhi-
ition in original SFV RNA amplification) as well as the 15 samples
hich showed no inhibition. Both methods performed equally well,

lthough some variation between individual samples was seen
of Semliki Forest Virus RNA in spiked stool sample without (black circle) and with
(white circle) addition of BSA to RT-PCR reaction. The results of magnetic beads based
method (MagnaPure RNA extraction) are shown on the Y axis and the results of the
silica based method (QIAgen RNA extraction method) are presented on the X axis.

(Fig. 4). The addition of BSA abolished inhibition equally well with
both extraction methods.

5. Discussion

The present study shows that PCR inhibitors are relatively com-
mon in stool samples and that their effect can strongly influence the
results of PCR assays. Altogether 19% of stool samples contained so
high amounts of PCR inhibitors that they may lead to false negative
results when viruses are searched for using a PCR-based assay. This
creates a real problem in clinical virus laboratories as stool samples
are quite commonly used for the detection of viruses. The amount
of SFV RNA used in our study represents average viral RNA concen-
trations observed in stool samples during acute virus infections.
SFV RNA was spiked into extracted RNA but not to the original stool
sample to avoid the effect of possible variation in the RNA extraction
step on the content of SFV RNA in the PCR reaction.9

In previous reports, the proportion of stool samples contain-
ing PCR inhibitors has varied substantially, ranging from 0% to
44%.10,11,12 In the present study significant inhibition was observed
in 19% of the samples. This variation may be due to different sample
materials, methodologies (sensitivity to different inhibitors varies
between polymerase enzymes) and the definition of the inhibi-
tion itself. The inhibition has usually been categorized as a binary
variable, even though it is clearly a continuous variable. Thus, the
presence of inhibition has also varied depending on the cut-off limit
used in various studies.

The frequency of PCR inhibitors may be even higher in the adult
population compared to that observed in the young infants, as we
observed no inhibition in younger that 6 months old infants. This
kind of effect can cause bias to the results in research projects where
viruses are analyzed from stool samples, especially if an age of the
study participants varies. This kind of age dependent effect on PCR
inhibition has not been described earlier and further studies are

needed to identify possibly connection to dietary and maturation
of digestion system of infants which may be responsible for this
effect. The present study emphases the need of internal controls
to detect PCR inhibitors when clinical samples are analyzed using
RT-PCR. In addition, one can try to eliminate the effect of these
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ig. 5. Shift in PCR amplification after addition of BSA. Black bars indicate results
btained without BSA in RT-PCR reaction and white bars results with BSA.

nhibitors. We tested the effect of BSA added to both RT and PCR
eactions as a factor eliminating the effect of inhibitors, as a pre-
ious study has suggested that BSA may have such a favourable
ffect.13 BSA treatment decreased the efficacy of PCR amplifica-
ion in samples, which did not contain any PCR inhibitors (water
amples spiked with SFV RNA). However, all stool samples were
ositive when BSA was added to the RT and PCR reactions (Fig. 5).
his indicates that the addition of BSA reduced the sensitivity of
he RT-PCR method, but at the same time BSA effectively inacti-
ated the RT-PCR inhibitors. Accordingly, the net effect of BSA was
learly favourable in stool samples eliminating the false negative
amples. Based on these studies, we conclude that addition of BSA
s an efficient method for decreasing false negative PCR results in
linical virus laboratories.
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