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Abstract

The inhibitory effects of urine samples
taken from neonates and older children,
some of which were known to be infected
with cytomegalovirus, on the polymerase
chain reaction (PCR) were investigated.
Urea was the major inhibitory com-
ponent of urine and inhibited the PCR at
a concentration of more than 50 mM.
Urine samples from older children were
more inhibitory than those from neo-
nates. This correlated with the higher
concentration of urea generally found in
urine samples from older children com-
pared with neonatal urines. Two of 13
neonatal urine samples, however, were
inhibitory despite low urea concentra-
tions—presumably due to metabolites
derived from parenteral nutrition. The
inhibitory effects of urine were effectively
removed by simple dialysis or ultrafiltra-
tion. The sensitivity and specificity of
PCR for detecting cytomegalovirus DNA
in urine were further improved by using
“nested” primers and a modified PCR
protocol entailing the use of reduced
reactants in the first 20 cycles of a two-
stage 50 cycle PCR.

Human cytomegalovirus (CMV) is a common
infectious agent which can cause severe mor-
bidity and mortality in immunocompromised
patients, such as allograft recipients and
patients with AIDS.'? CMV infection during
pregnancy is also recognised as a major viral
cause of abnormalities in the newborn.? Isola-
tion of CMV from urine or throat swabs in
human embryonic fibroblast cultures is the
definitive method of diagnosing congenital
CMV infection but can take up to three weeks
to perform. Hence there is a need for a more
rapid and convenient method. The DEAFF
test* can reduce the time required to 24-48
hours but still requires virus infectivity and
appropriate monoclonal antibodies.

Alternative methods for detecting CMV in
urine have been used including electron
microscopy, antigen detection by enzyme
linked immunosorbent assay (ELISA), and
viral DNA detection by nucleic acid hybridis-
ation.” None of these, however, meets all the
required criteria of being rapid, specific, and
sensitive.

The development of the polymerase chain
reaction (PCR)° has had a great impact on
many areas of molecular medicine. It has been
used for the diagnosis of genetic disorders

such as cystic fibrosis and sickle cell anaemia,’
as well as for the detection of latent or persis-
tent viruses, including the herpes viruses and
human immunodeficiency virus (HIV).2! PCR
permits the in vitro amplification of specific
DNA sequences by a factor of 10° or more
within a few hours and is, therefore, poten-
tially very sensitive. It is based on an
enzymatic reaction involving the use of syn-
thetic oligonucleotides which flank the target
sequences and which act as primers for the
heat stable enzyme Taq polymerase. Repeated
cycles of heat denaturation of the template
DNA, annealing of the primers to their com-
plementary sequences, and extension of the
annealed primers by the Tagq polymerase
result in the exponential production of the
specific target fragment.

PCR has been used for the detection of
CMV in urine,>"" but problems have been
encountered with inhibitory activity of urine.’
In preliminary studies we experienced similar
problems when testing 45 randomly selected
urine samples from infants, some of which
were known to contain CMV by conventional
virus isolation, and all gave negative results by
PCR. This prompted us to investigate the
nature of the inhibitory component of urine.
We report the results of these studies and
propose methods for the removal of the
inhibitory component, as well as an improved
amplification method for CMV DNA using
nested oligonucleotide primers.

Methods

Urine samples from neonates and children of
varying age up to 10 years old were selected
from specimens submitted to the Virology
Department for routine virus isolation and
from a collection of specimens supplied by Dr
J Booth (St George’s Hospital Medical
School) as part of a collaborative study. All
urine samples were from original specimens
stored at —70°C without preservatives or
transport medium added. Routine virus isola-
tion had previously been performed on the
urine specimens in human foreskin fibroblasts
(HFF) or embryonic lung fibroblasts (HEL)
maintained under Eagle’s minimum essential
medium supplemented with 5% fetal calf
serum. Positive control material containing
cytomegalovirus (CMV) DNA was prepared
from HFF cultures infected with CMV (strain
AD169). Cultures showing about 80%
cytopathic effect were scraped into phosphate
buffered saline (PBS) (pH 7-3) and stored in
aliquots at —70°C.
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SAMPLE PREPARATION FOR PCR
Urine samples were processed by dialysis or
ultrafiltration before PCR. For dialysis,
aliquots of 1-2ml of urine were dialysed
against 200 volumes of 0-1 M TRIS-HCI buf-
fer (pH 8-3) overnight at 4°C. The samples
were stirred. Two commercial tube systems
were used for ultrafiltration of urine
specimens—Centricon-100 (Amicon) and
Ultrafree MC Filter Units 100 K (Millipore).
With the Centricon tubes, 1-2 ml of urine was
placed in the filtration cup and filtered through
almost to dryness by centrifugation in a Mis-
tral 2L MSE centrifuge at 750 rpm for 30-45
minutes. The remainder was rinsed once with
sterile distilled water and then recovered in
sterile distilled water to the original volume
by centrifugation at 500 rpm for two to three
minutes. With the Ultrafree MC cups, 200 ul
of urine were filtered by centrifugation at
6500 rpm for five minutes in a microfuge
(MSE). The retentate was rinsed once with
200 ul sterile distilled water and then carefully
resuspended in a further 200 ul sterile dis-
tilled water. In some experiments attempts
were made to precipitate virus particles from
urine with polyethylene glycol (PEG) by
adding 0-1 ml PEG (50% stock in 0-1 M
phosphate buffer, 0-5 M NaCl) to 0-4 ml urine.
After overnight incubation at 4°C the mix-
tures were centrifuged at 13 000 rpm for five
minutes in a microfuge and pellets were re-
suspended in about 100 ul sterile distilled
water. Attempts were also made to solubilise
virus particles from urine into the water-
immisible solvent ethyl acetate by shaking
0-5 ml urine with an equal volume of ethyl
acetate for two to five minutes. The mixtures
were then left on the bench to separate and the
solvent (top) layer was carefully recovered.
Aliquots of 100-200 ul of untreated urine or
material from processed urine samples were
placed at 100° C for 15 minutes and 50 ul of
boiled samples were then used for PCR unless
otherwise stated.

PREPARATION OF OLIGONUCLEOTIDE PRIMERS
Oligonucleotides were custom synthesised
using the 380B or 391 DNA synthesisers
(Applied Biosystems). The oligonucleotides
were deprotected after synthesis, precipitated
with ethanol, and used without further
- purification. CMV primer sets were chosen
from the morphological transforming region
IT (mtrII).”? The sequences are given from 5’
to 3: CMTR 1—CTG TCG GTG ATG
GTC TCT TC; CMTR 2—CCC GAC ACG
CGG AAA AGA AA. These span a 234 base
pair segment. A second set of ‘“nested”
primers were chosen from the same region:
CMTR 3—TCT CTG GTC CTG ATC
GTC TT; CMTR 4—GTG ACC TAC CAA
CGT AGG TT, These span a 168 base pair
segment located within the first primer pair.

DNA from uninfected human fibroblasts
" and cells infected with human herpes virus 6
(HHV-6), Epstein-Barr virus (EBV), herpes
simplex virus (HSV) or varicella zoster virus
(VZV) gave negative results by PCR with
both the above primer sets.
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POLYMERASE CHAIN REACTION

The PCR was performed essentially as des-
cribed by Saiki et al,® using cloned DNA
polymerase  from Thermus  aquaticus
(Amplitaq; Perkin-Elmer Cetus) and follow-
ing the manufacturer’s protocol. All
preparative work for the PCR was carried out
in an ultraviolet irradiated class IT microbio-
logical safety cabinet, using autoclaved plastic
tubes and pipette tips throughout. Amplifica-
tion reactions were carried out in a total
volume of 100 ul comprising 50 ul reaction
buffer and 50 ul test sample in 0-6 ml
microcentrifuge tubes. The reaction buffer was
prepared in bulk (‘“mastermix’) at double
strength—to give final concentrations of
10 mM TRIS-HCIl (pH 8:3) 50 mM KCl,
1-5mM MgCl,, 0-01% gelatin, 0-2 mM of
each deoxynucleoside triphosphate and
0-2 um of each oligonucleotide primer—and
stored in aliquots at —20°C. The required
quantity of “‘mastermix’’ was thawed and the
Amplitaq was added to give a final concentra-
tions of 2-5 units per reaction tube. The
reaction mixture was dispensed into 0-6 ml
microcentrifuge tubes and the test sample was
added, either neat or appropriately diluted
with sterile distilled water, using sterile 50 ul
glass capillaries. The reaction mixtures were
overlayed with mineral oil (about 100 ul) to
prevent evaporation. Reaction tubes contain-
ing positive and negative CMV DNA control
samples were included in each batch of tests.
The PCR was performed in a DNA Thermal
Cycler (Perkin-Elmer Cetus) using the follow-
ing amplification procedures:

Standard procedure The samples were
amplified through 30 cycles consisting of de-
naturation at 94°C for one minute, annealing
at 60°C for one minute and primer extension
at 72°C for two minutes. During the final 10
cycles, the extension time was increased by 10
seconds with each cycle. After the final cycle
the reaction tubes were left at 4°C until
collected.

In some experiments a modified two stage

procedure was used as previously described."
Briefly, the test samples were initially amplified
through 20 cycles in the presence of reduced
deoxynucleoside triphosphates (0-1 mM of
each), primers (0-02 uM) and Amplitaq (0-375
units per tube). Aliquots of 5 ul of these
amplified products, plus 45 ul of sterile dis-
tilled water were then transferred (in a
separate room) to fresh reaction tubes, con-
taining standard ‘“‘mastermix’’, and 30
amplification cycles were performed according
to the standard procedure.
Procedure with nested primers This was
basically a modification of the above two stage
procedure where the test samples and controls
were initially subjected to 20 amplification
cycles in the presence of reduced deoxy-
nucleoside triphosphates, the first set of
primers, and Amplitaq. Aliquots of 5 ul of
amplified samples were transferred to fresh
reaction tubes containing ‘“‘mastermix’ with
the nested primer set. The reactions were then
performed according to the standard protocol
for 30 cycles.
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Figure 1 Results of PCR
for CMV DNAon (A)
untreated and (B)
dialysed urines (lanes 1-
10). Molecular weight
markers (M) and CMV
positive and negative
control material were
included the specific CMV
Band at 234 base pairs is
indicated.

Figure 2 Inhibitory effect
of varying concentrations
of urea on PCR. Lanes
1-10 show results with final
urea concentrations of 5,
10, 20, 30, 40, 50, 100,
150, 200, 250 mM,
respectively. Molecular
weight markers (M) and
CMYV positive and
negative control material
are included. The specific
CMYV band at 234 base
pairs is indicated.

M 34:2:3 45678910+

DETECTION OF AMPLIFICATION PRODUCTS
After PCR amplification the reaction soups
were collected (in a separate laboratory) with
sterile 100 ul glass capillaries and 8 ul aliquots
were mixed with 2 ul of loading buffer (0-25%
bromophenol blue, 30% (w/v) glycerol in
water). Five or 10 ul of each mixture were
electrophoresed through 2% agarose gel
(Sigma UK) at 100 volts. After electro-
phoresis the gels were stained with ethidium
bromide and examined on an ultraviolet light
transilluminator. The gels were photographed
with a Polaroid camera and bands of the
appropriate sizes were identified by compari-
son with DNA fragments of known size (Hae
IIT digest of Phi X174 RF DNA; Gibco
BRL).

The specificity of the amplified products
after nested’ PCR was verified by Southern
blotting and hybridisation with a biotinylated

CMV probe (details to be published
separately).
Mo 5ed 567 87010+ —
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Results

In preliminary experiments 45 urine samples
from neonates and young children were tested
for CMV DNA by PCR, either neat or diluted
1in 10, or 1 in 50 in sterile distilled water, and
all gave negative results, including samples
which had been shown to contain CMV by
virus isolation. Dialysis of the urine samples
before the PCR rendered some of the samples
positive (fig 1). It was concluded that a low
molecular weight constituent of urine is
inhibitory to the PCR.

NATURE OF INHIBITORY ACTIVITY OF URINE ON
PCR

The inhibitory nature of urine on PCR was
confirmed by mixing fresh adult urine at vary-
ing concentrations with CMV positive control
material. Urine dilutions of up to 1 in 16
(equivalent to 3-125 ul in 100 ul reaction mix-
ture) completely inhibited the PCR. Sterile
distilled water substituted for urine showed no
such effect (results not shown).

Urea was thought to be an inhibitory sub-
stance in urine. A dilution series of urea in
sterile distilled water was therefore mixed with
CMUV positive control material: it was shown
that urea is completely inhibitory down to a
final concentration of 100 mM and partially
inhibitory even at 50 mM (fig 2). This effect
could be overcome by dialysis before the PCR.

The inhibitory activity of urine in relation to
the concentrations of urea, creatinine, and
electrolytes was investigated next using five
neonatal urine samples and five urine samples
from children under 10 years old (table 1). The
urine samples were mixed at ratios of 9:1 (90%)
and 1:9 (10%) with positive CMV control
material, and 50 ul of the mixtures were then
used for the PCR. The inhibitory activity of the
urine samples showed a correlation with the
urea concentration but not with creatinine or
electrolytes (table 1). Thus urea concentrations
between 68 and 165 mM were inhibitory with
the 90% mixtures but not at 10%, while one
urine with 325 mM urea was inhibitory with
both mixtures (fig 3). Urea concentrations of
<43 mM (mainly in neonatal urine samples)
were not inhibitory except with one urine (No
19) which had an exceptionally low urea con-
centration of 10 mM.

Further chemical analyses of these 10 urines
showed no abnormalities (table 2) that could be
correlated with their inhibitory activity in the
PCR, except that the inhibitory neonatal urine
(No 19) with low urea was reactive for glucose.
To determine whether this was a common
finding a further eight neonatal urine samples,
with urea concentrations ranging from 9-9 to
170 mM (mean 49-6 mM) were tested for
inhibitory activity in 90% mixtures with CMV
control material. Once again, the urine sample
with the lowest urea concentration was un-
expectedly found to be inhibitory and was
reactive for glucose.

Glucose mixed with the CMV control,
however, was not in itself inhibitory in the PCR
at concentrations ranging from 15-500 mM.
One possible source of glucose in neonatal
urine is from parenteral feeding, and while it
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Figure 3 Inhibitory effect
of urines from neonates
(lanes 1-5) and children
(lanes 6-10) mixed at a
concentration of (A) 10%
or (B) 90% with CMV
positive control material
(lane 12). Molecular
weight markers (M) are
included and the specific
CMYV band at 234 base
pairs is indicated.

Table 1 Inhibitory effects of urines on PCR in relation to concentrations of urea, creatinine, and electrolytes

Inhibition of PCR
Undialysed
—————————  Dialysed
Urine sample Urea (mmol|l) Creatinine (mmol|l) Na+ (mmol|) K+ (mmol|l) 10% 90% 90%
Neonates:
16 165 115 70 76 - + -
19 10 1-0 132 29 - + ND
22 43 3-0 62 20 - - -
23 18 0-8 3-0 9-0 - - -
37 40 08 70 24 - - —
Children:
325 19-0 ND ND + + ND
14 85 82 >200 69 - + -
15 134 41 70 13 - + -
28 68 89 >200 120 - + -
43 129 9-7 138 31 - + -

ND = Not done due to insufficient sample.

was not possible to ascertain with the two
aforementioned neonates whether they had
received such feeding, standard parenteral
nutrition formulation (Kendall Laboratories
Ltd) completely inhibits the PCR down to 70%
concentration mixed with positive CMV con-
trol material (results not shown).

REMOVAL OF INHIBITORY ACTIVITY OF URINE
Dialysis was considered too cumbersome as a
routine method for treating urine samples
before the PCR and alternative methods were
therefore evaluated. Preliminary attempts to
destroy urea by adding urease or by boiling
with acid or alkali proved unsuccessful.
Similarly, separation of virus particles from
urine by PEG precipitation or shaking with
ethyl acetate also failed. Ultrafiltration seems to
provide the best alternative at present to
dialysis for the removal of the inhibitory
activity of urine. Two filtration systems were
compared—the Centricon-100 tubes and the
Millipore cups. Both use centrifugation and
effectively remove inhibitory activity. The
Millipore cups take smaller volumes however,
and are cheaper and faster to use.

NS035 4 “6H67 282010+ =

-
-
R
R
-

‘““NESTED’’ PRIMER PCR

Although the inhibitory activity of urine could
be effectively removed by ultrafiltration, the
bands obtained under ultraviolet light after the
PCR, according to the standard protocol, were
very weak with some urine samples, and it was
felt that this method bordered the limits of
sensitivity required for routine use. To increase
sensitivity a two-stage PCR method was
attempted first, which consisted of pre-
amplification for 20 cycles followed by the
standard protocol. Although this method
increased the band intensity, it also gave exten-
sive background staining (fig 4A). Primer dimer
formation was particularly noticeable with this
method.

The two-stage method was modified by using
“nested” primers in the second (30 cycle)
reaction which were chosen from within the
fragment amplified by the first set of primers.
Preliminary evaluation of nested PCR, using
serial dilutions of CMV positive control
material, showed that it was at least 10 times
more sensitive than conventional PCR (not
shown), and with the urine samples it gave
much stronger bands with virtually no back-
ground staining or primer dimers (fig 4B). This
therefore seems to be the optimal method, in
combination with ultrafiltration, for detecting
CMV DNA in urine samples. A large scale
evaluation of this method as a diagnostic test is
currently under way.

Discussion

The development of the PCR has revolution-
ised the detection and analysis of nucleic acids.
Within the past two years it has established
itself as one of the most promising tools of
molecular biology to be applied both for
research purposes and routine diagnosis.'*'®
The PCR is technically relatively simple to
perform yet offers a very high level of sen-
sitivity. Further attractions are that as a tech-
nique it can be used to detect virtually all
infectious agents and on a wide variety of
specimens. It has therefore been used for the
detection of viral DNA or RNA in peripheral
blood,'” " in urine,’'°? and even paraffin wax
embedded, formalin fixed tissue? " using sim-
ple extraction procedures."?
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Figure 4 Comparison of
results with (A) two stage
PCR and ( B) nested
primer PCR. Lanes 1-8
show results with urines
after ultrafiltration, Lanes
9—13 show results with
dialysed urines. Specific
CMYV bands at 234 and
168, base pairs,
respectively, are indicated.
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Table 2 Chemical analyses* on urines showing inhibitory activity in PCR

Urine sample pH Protein Glucose Ketones Urobilinogen Bilirubin Blood
Neonates:

16 50 - - - - - -

19 55 - 5 mmol/l - - - -

22 6-0 - - - - - -

23 6-0 - - - — - -

37 60 - - - - - -
Children:

9 55 - - - - - -
14 55 - - - - - -
15 60 - - - - - -
28 65 - - - - - -
43 65 - - - - - -

—Negative result.
*Using the BM Test 7 (Boehringer Mannheim).

The PCR is essentially an enzyme reaction
and requires carefully controlled conditions for
efficient amplification. It is therefore not sur-
prising to find that it may be susceptible to
interference by metabolites, drugs (especially
nucleoside analogues), or other biological sub-
stances found in the body fluids of patients.
This is an area which will undoubtedly require
careful investigation in the future.

Urine could be expected to present par-
ticular problems in the PCR as it is the main
vehicle for excretion of breakdown products
and drugs from the body, and its composition is
therefore highly variable. It is also the com-
monest site of virus excretion in those infected
with CMYV and this plays an important part in
the diagnosis of congenital CMV infections.
Other investigators using PCR for the detec-
tion of CMV in urine have reported problems
with inhibitory activity.” We have shown that
urea is a potent inhibitor of the PCR, com-
pletely inhibiting the reaction at concentrations
of more than 50 mM. The normal concentra-
tion of urea in adult urine is about 330 mM.

Furthermore, we showed that the inhibitory
activity of urine samples from neonates and
older children was directly related to the urea
concentrations in these urine samples. Neo-
natal urine samples generally contain less urea
than those from older children and were found
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to be less inhibitory in the PCR. Urea therefore
seems to be the predominant inhibitory con-
stituent of urine. The nature of this inhibitory
activity is not known, but urea is a potent
inhibitor of non-covalent bonding and may act
directly on the polymerase, or it may prevent
primer annealing. Two neonatal urine samples
were found to be inhibitory in spite of low urea
concentrations. Both contained glucose and
while we did not identify the cause of this
activity it is likely that it originated from
parenteral nutrition, which we found to be
inhibitory in its supplied, packaged form. The
diversity of potentially inhibitory substances
that may be excreted in patients’ urine has to be
taken into account when attempting their
removal before using PCR. Prior dilution of the
urine’® to reduce the urea concentration may be
effective with most neonatal urine samples but
will require a dilution factor of at least 1 in 10 to
1 in 20 to prevent the risk of any inhibition.
This does not allow for the possibility,
however, that other, more potent inhibitors
may be present occasionally. Furthermore, it
inevitably reduces the sensitivity of the tech-
nique which may be important because infec-
ted neonates may excrete as little CMV as 10°
particles/ml.> We have shown that ultrafiltra-
tion is a simple and effective method for the
removal of low molecular weight inhibitors
from urine samples. Small samples of urine can
be processed easily within 10-15 minutes
before using the PCR and at minimal cost using
the Millipore centrifuge cups. If required, the
urine samples can be concentrated during this
process. Despite the successful removal of
inhibitory activity of urine the virus specific
bands were still often found to be weak under
ultraviolet light. Attempts to increase the
sensitivity by increasing the number of cycles
invariably led to increased background. The
use of nested primers and a modified two-stage
PCR protocol, using reduced reactants, sig-
nificantly increased both sensitivity and
specificity of the reaction. '
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oligonucleotide primers and to Dr P Sanders for the urinalysis.
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