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Background: PCR is a molecular technique for herpes simplex virus (HSV) detection that can cause life-threatening infections such as
encephalitis and keratitis. However, the main issues, false-negative results causing by PCR inhibitors, of this technique that reduce PCR
efficiency. To overcome this problem, a competitive internal amplification control (IAC) was constructed for conventional PCR using the
PCR-cloning technique.

Objectives: The purpose of this study is the design of competitive IAC for PCR diagnosis of HSV, which in fact is the main cause of keratitis
and viral encephalitis in developed countries.

Materials and Methods: Composite primers for PCR amplification of Leishmania major kDNA (kinetoplast DNA) were designed and
optimized to use as IAC-HSV. IAC-HSV amplified in a non-stringent condition, ligated into pTZ57R plasmid vector, and transformed into
Escherichia coliJM207 and then cloned. Resulting IAC was used for 105 CSF and 78 keratitis specimens.

Results: PCRamplicons for HSV and IAC-HSV were 454-bp and 662-bp, respectively. Detection limit of IAC was determined as 1000 plasmids
per PCRreaction. IAC sensitivity for HSV detection was determined as 1000 plasmids per PCR reaction. IAC sensitivity for HSV detection was
500 copies/mL of HSV DNA. Among all specimens, 7 inhibited specimens were detected.

Conclusions: Indeed, using other DNA as an IAC is expected to detect false-negative results and amplification of the DNA is the key tool to
examine the accuracy of amplification and detection steps. This internal amplification control is applicable for early reliable diagnosis of

HSVin different loads of virus in different specimens.
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1. Background

Herpes simplex virus (HSV) is responsible for a variety
of serious diseases such as infection of cornea (kerati-
tis) leading to corneal blindness and perilous infection
of central nervous system such as encephalitis, which is
the most common form of sporadic viral encephalitis
in western countries (1, 2). The above-mentioned issues
provide extreme necessity for a rapid, reliable, and spe-
cific diagnostic approach. Therefore, a suitable method
of detection should provide the results in the shortest
possible time and highest accuracy to inform the re-
spective physician or patient (3).

Although viral culture is the gold standard for detec-
tion of HSV DNA, PCR techniques are more sensitive and
the results are available in less than 4 hours (4). Recent-
ly, PCR has been developed extensively for virus infec-
tion diagnosis by many laboratories. This technique has
beneficial characteristics including reliability, speed,
and sensitivity that are vital for an ideal diagnostic as-

say. In spite of its outstanding advantages, PCR has some
problems such as false-positive and -negative results (5).
Clearly, by using a negative control (external control)
during the PCR assay a false-positive result can be re-
solved. However, the major drawback of PCR is in pro-
ducing false-negative results that remain unresolved.
False-negative results are obtained from the malfunc-
tion of thermal cycler, imprecise extraction, insufficient
Taq DNA polymerase, and other inhibitory substances
that the exact act of these inhibitors are largely un-
known (6). Although several extraction protocols and
commercial kits have been developed to remove the
probable PCR inhibiting substances from the specimen
(7) and they seem to be ineffective for inhibitory remov-
al that leads to a decrease of PCR sensitivity.

In order to enhance the certainty in negative PCR re-
sults, the presence of internal amplification control
(IAC)isrequired (8, 9). IAC is a DNA sequence that is add-
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ed to the sample and will be amplified with the target
DNA simultaneously. Although IAC is commonly used
for the detection of availability of PCR inhibitors (10),
few technical problems were observed during IAC con-
struction. Here a simple method for IAC construction
with the least practical difficulties was used because of
the above-mentioned requirements. Therefore, utilizing
an IAC DNA in each PCR reaction that simultaneously
amplified with viral target DNA with the same thermal
profile used as an effective tool to overcome false-nega-
tive results in the PCR diagnosis of HSV.

Few studies have been carried out on the subject of
HSV internal control. Burggraf and Olgemoller (11) con-
structed a single-stranded oligonucleotide as an inter-
nal control for a newly designed real time PCR for rapid
detection of HSV. The amplified internal control was
detected by the same probe that detects the amplified
target. In another study, heterologous DNA was used to
establish a multiple internal control DNA contained five
IAC for five competitive Light Cycler-PCR assays includ-
ing HSV IAC by using hybridization probes (12). The cur-
rent investigation develops a simple and accurate path
for IAC construction that has never been used by real-
time and conventional PCR for HSV diagnosis.

In this study, IAC was designed in a competitive way
by employing composite primer technique. Leishmania
major kDNA (kinetoplast DNA) (MRHO: SU: 59: Pstrain,
620 bp) (13) was selected and amplified with composite
primers. The main reason for the selection of kDNA con-
tains different annealing temperatures from 40-70°C
and annealing time duration from 10-60 seconds, which
makes it suitable for construction of IAC. Therefore, by
using the constructed IAC, an accurate and reliable ap-
proach was designed to examine the PCR amplification
steps for HSV diagnosis, which is a common routine as-
say for all diagnosis laboratories (14).

2. Objectives

The purpose of this study was to design a competitive
IAC for PCR diagnosis of HSV, which is the main cause of
keratitis and viral encephalitis in developed countries.
This IAC can be easily used in any diagnosis laboratory.

3. Materials and Methods

3.1. Specimens

A total of 105 cerebrospinal fluid (CSF) samples from
patients with central nervous system diseases (suspect-
ed of HSV, cytomegalovirus (CMV), Epstein-Barr virus
(EBV), varicella zoster virus (VZV), and human herpes
virus 6 (HHV-6) (15, 16) and 78 samples from corneal
epithelium (suspected of HSV, EBV, and CMV) of patients
with herpetic dendritic keratitis and uveitis (17,18) were
obtained from the Virology Department of the Pasteur
Institute in Iran (Tehran) that were collected from dif-
ferent hospitals (unknown). Specimens were used for

comparison tests and examinations of the performance
of constructed IAC. CSF specimens were obtained by
subsequent lumbar punctures and aqueous samples
from uveitis were obtained by anterior chamber para-
centesis. All samples were collected from 2010-2011 and
then were stored at 4°C until processed.

3.2. Preparation of Genomic DNA

To extract DNA, a DNP™ Extraction Kit (CinnaGen, Iran)
was used. Final pellets were then mixed with 30 pL of
double distilled water and kept at 4°C until used. Ge-
nomic DNA (HSV-1, KOS strain) was obtained from the
Pasteur Institute of Iran (Tehran) to use as a positive
control. HSV-1 (KOS strain) was cultured using VERO cell
line (National Cell Bank, Pasteur Institute of Iran, Teh-
ran) on RPMI medium (Sigma Co, USA) supplemented
with penicillin G (10000 U), streptomycin (100 pg), and
10% FBS in 1L of RPMI medium for examination as a posi-
tive control. Subsequent to the observation of 70-90%
cytopathic effects viruses were harvested and kept at
4°C until used.

3.3. Designing HSV Primer.

Amplification primers for HSV were designed online
at Invitrogen website (http://www.invitrogen.com). De-
signed primers were specific for pol gene (454 bp, acces-
sion number: AB231460.1). Primer sequences (construct-
ed by CinnaGen Company, Tehran, Iran) were as follows:
F-HSV: 5'ACCTACCGGCATACAAGCTCA 3', R-HSV: 5'AAGTG-
GCTCTGGCCTATGTCC3'.

3.4. PCR Condition

The PCR reaction contained TE buffer 10 x Tris-HCI (10
mm)and 1 mM of EDTA (pH 8.0),1 L of each forward and
reverse HSV primers, MgCI2 (50 mm), dNTPs (10 mm), 2
units Tag DNA polymerase (CinnaGen, Iran), and 5 uL of
viral DNA template and 13.5 pL of double distilled wa-
ter to obtain a final volume of 25 pL. Amplification was
performed by using Bioneer thermal cycler (Korea). The
thermal profile was as follows: initial denaturation at
94°C for 5 minutes, followed by denaturation at 93°C for
20 seconds, annealing, and extension at 70°C for 20 sec-
onds (40 cycles), and final extension at 72°C for 5 min-
utes. PCR products were electrophoresed and visualized
on 1.5% agarose (stained with SYBR Green, CinnaGen,
Iran) and markers SM1108 (50-1500 bp, MBI Fermentas,
USA) were used.

3.5. Sensitivity and Specificity of HSV

3.5.1. Sensitivity Testing

Serial dilutions of HSV DNA ranged from 1 million to
10 copies/mL (by real-time PCR) were prepared for PCR
amplification as described above. In addition, positive
and negative controls were included.
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3.5.2. Specificity Testing

Other species of Herpesviridae genomic DNA, such
as VZV, EBV, CMV, and non-herpes genomic DNA includ-
ing, Hepatitis B virus Salmonella Spp Mycobacterium
tuberculosis (all were obtained from Pasteur Institute
of Iran, Tehran), human genome and HSV as positive
control were amplified by PCR with HSV primers in
described PCR condition to test PCR specificity for the
target site of primers. For all samples, 5 uL of genome
equivalents was added to each PCR mixture. PCR prod-
ucts were then visualized as previously mentioned.

3.6.IAC Construction: Design of Composite Primer

L. major kDNA (MRHO: SU: 59: P strain, 620 bp) was se-
lected to construct IAC. Amplification primers, which
are unique for conserved sequences of kDNA, are as
follows; Forward: 5° TCGCAGAACGCCCC ACC 3~ and
reverse: 5° AGGGGTTGGTGTAAAATAGGC3~ (13). For-
ward and reverse primer sequences of HSV that were
followed by forward and reverse primer sequences
of kDNA are as follows: F-IAC-HSV: 5’ACCTACCGGCATA-
CAAGC TCA TCGCAGAACGCCCCTACC 3’ and R-IAC-HSV: 5’
AAGTGGCTCTGGCCTATGTCCAGGGGT TGGTGTAAAATAG-
GC3'. Produced composite primer (Cinnagen, Iran) was
used to amplify the 620 bp fragment (L. major) by us-
ing PCR with the following heat profile: denaturation at
30°C for 40 seconds, annealing at 55°C for 30 seconds,
extension at 72°C for 30 seconds (40 cycles), and a final
extension at 72°C for 10 minutes. Obviously, construct-
ed composite primer was only used to make IAC and for
final detection of target DNA, only HSV primers used.

3.7.Cloning

Prior to the cloning process, PCR products were pu-
rified to obtain better results. To clone IAC fragments
(662 bp) into the plasmid vector pTZ57R (2886 bp), the
InsTAclone™ PCR Cloning Kit (cat: Ki214, Fermentas,
USA,) was employed. Briefly, 3 uL vector, 4 pL insert DNA,
1uL T4 DNA ligase (5u), and 6 pL 5 x ligation buffer were
mixed at a 30 pL final volume and left at room tempera-
ture for 4 hours. The physical process has done, as well.
E. coli J]M107 (Fermentas, USA) was competent by heat-
shock and calcium chloride method as host cell and in-
cubated at37°C for 24 hours to improve the penetration
of plasmid into the host. Then, 10 pL of ligation mixture
containing recombinant plasmid pIACHSV (3,548 bp)
was transformed into 50 uL of competent E. coli. After-
ward, the suspension was cultured on Luria Bertani
agar (Merck, Germany) containing ampicillin (100 pg/
mlL, Razi Co., Iran) and X-Gal and IPTG (2 pL/mL, Fermen-
tas, USA). The resulting substances were then incubated
at 37°C for 24 hours and alpha-complementation meth-
od was used to discover the recombinant colony con-
taining pIACHSV (19).
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3.8. Plasmid Extraction

Colonies containing inserted plasmid (pIACHSV) were
extracted and purified by an Accuprep® Plasmid Extrac-
tion Kit (Cat. No. 3112, Pioneer, Korea) according to the
manufacturer’s instructions and the extracted plasmid
was kept at 4°C.

3.9. Determination of Standard Concentration of
IAC

To obtain an ideal IAC concentration for each PCR reac-
tion, serial 10-fold dilution of IAC (10-1 to 10-6) was ampli-
fied by PCR in combination with 1000 copies/mL of HSV
DNA in each reaction tube with previously described re-
agents and thermal profile. Primary amount of IAC was
measured by a NanoDrop spectrophotometer, A260 nm,
Eppendorf, Germany. PCR products were visualized as de-
scribed above.

3.10. Co-Amplification of HSV and IAC

A series of diluted HSV DNA ranging from 1 million to
500 copies/mL were prepared to observe the simultane-
ous co-amplification of pIACHSV and HSV DNA and to
test the sensitivity of IAC in the presence of target DNA.
In addition to other PCR reagents, each reaction was
contained 1 uL of IAC in a final volume of 25 pL. For more
confirmation of IAC, the PCR assay was performed for
all specimens with an HSV thermal profile as described
above.

3.11. Comparative Detection: PCR and Culture

A total of 105 CSF and 78 keratitis specimens were ob-
tained from the Virology Department of Pasteur Institute
in Iran (Tehran). Each specimen (0.25 mL) was incubated
in ice for 1 hour prior to the culture. VERO cells (National
Cell Bank, Pasteur Institute of Iran, Tehran) were added
to RPMI medium (Sigma Co., USA), which was supple-
mented with penicillin G (10000 U), streptomycin (100
ng), and 10% FBS. The specimens were inoculated onto the
flask of VERO cells and then incubated at 37°C. Cultures
were then examined for cytopathic effects (70-90%) after
72 hours. Finally, PCR analysis for each specimen with IAC
included negative and positive controls were performed
as areferee to confirm the results (20).

4. Results

4.1. Sensitivity and Specificity test

A 10-fold serial dilution of HSV genomic DNA was used
to find the range of sensitivity in PCR assay. Expected 454
bp fragments were observed on the gel. The PCR was able
to detect arange between 1 million to 10 copies/mL of HSV
DNA (Figure 1). It can be seen that PCRis able to detect the
lowest concentrations of HSV (10 copies/mL), which im-
plies the high sensitivity of PCR assay in HSV detection.
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Genomic DNA of other species of HSV and non-HSV DNA
were used to test the specificity of the HSV PCR assay. Fig-
ure 2 shows no signal appeared due to the absence of ho-
mologous target sequences (All data not shown).

Figure 1. Sensitivity of PCR to Different Loads of HSV DNA

M: SM1108 DNA ladder (MBI, Fermentas); Lane 1: positive control; Lane 2:
100 diluted; Lane 3:10-1 diluted; Lane 4: 10-2 diluted; Lane 5: 10-3 diluted;
Lane 6:10-4 diluted, Lane 7:10-5 diluted; Lane 8: negative control.

Figure 2. Specificity of HSV PCR

M: SM1108 DNA ladder (MBI Fermentas, USA); Lane 1: herpes simplex virus
(positive control); Lane 2: Hepatitis B; Lane 3: Salmonella Spp.; Lane 4: My-
cobacterium tuberculosis; Lane 5; herpes simplex virus; Lane 6: negative
control.

4.2.IAC Detection

kDNA (620 bp) of L. major was used for amplification
with designed composite primers to produce 662 bp
DNA as IAC. The resulting 662 bp fragments of DNA were
cloned and transformed into a host and the new recom-
binant plasmids, which are known as pIACHSV, were then
extracted. Then by using blue/white screening (alpha-
complementation), few white colonies were isolated and
their new recombinant plasmids, which are known as
PIACHSV, were extracted. The expecting 662 bp signal ap-
peared after running it on the gel.

4.3.IAC Optimization

After obtaining the expected 662 bp PCR amplicon, the
ideal concentration of IAC was optimized and there could
be no inhibition of amplification of target DNA. PCR am-
plification of IAC was examined by using different loads

of IAC DNA. As a result, the lowest responsible concentra-
tion of IAC that could produce a distinct signal on the gel
was 1000 plasmids (NanoDrop spectrophotometer, A260
nm, Eppendorf, Germany), which is preferred as an ideal
concentration of IAC to be used per reaction (Figure 3).

Figure 3. Simultaneous Amplification of HSV DNA and IAC for Limit
Detection

M: SM1108 DNA ladder (MBI Fermentas, USA) Lane 1, positive control, Lane
2,1000000 copies/mL, Lane 3,100000 copies/mL, Lane 4, 10000 copies|
mL, Lane 5: 5000 copies/mL, Lane 6, 2500 copies/mL, Lane 7: 500 copies|
mL, Lane 8:50 copies/mL, Lane 9: negative control. Lane 2-8 contains 103
copies of IAC plasmids.

4.4. Detection of HSV in the Presence of IAC

The sensitivity of PCR detection for HSV in the presence
of IAC was examined by mixing different concentrations
of the HSV template in the presence of IAC DNA. Two ex-
pecting signals for HSV and IAC DNA were observed at 454
bp and 662 bp, respectively. The highest sensitivity of IAC
and HSV co-amplification were obtained at 500 copies|
mL for HSV DNA. The concentration of IAC remained con-
stant at 1000 plasmids within a broad range of HSV DNA
concentrations without the affection of the target signal.
However, the amplification of target DNA disappeared at
50 copies/mL. The target DNA amplification was inhib-
ited when less than 500 copies/mL of the target template
was used in the reaction.

4.5. Comparison of PCR and Culture

Atotal of 105 CSF and 78 keratitis specimens were exam-
ined by both culture and PCR assay to demonstrate the
comparative diagnostic results. It can be seen from the
CSF specimens that the PCR assay generated 21 positive
results; however, in the culture method, only 10 positive
results had been achieved. In the case of the keratitis
specimens, 15 positive results were achieved by PCR and
10 by culture. PCR was highly sensitive (100%) when it was
used as a reference method. Therefore, the sensitivity of
PCR and culture in the case of CSF specimens were 100%
and 27.6%, respectively. However, the sensitivity of PCR
and culture in the case of keratitis specimens were 100%
and 66.66%, respectively. In addition, the specificity was
100% for both methods.
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4.6. Analyzing of Co-amplification of Specimens
Genomic DNA and IAC

PCR assay was carried out for CSF and keratitis speci-
mens in the presence of IAC to confirm the exact function
and performance of IAC. Figure 4 shows there is an inhib-
ited specimen, which indicates that one or more factors
have not functioned correctly in the course of extortion
or any other possible problems. In addition, it can be
seen that there is a true-negative results for which only
the IAC signal was produced. In the current experiments,
no unexpected results were observed. However, in the
case of presence of a very low amount of target DNA, no
signal may be seen in the results. Table 1 shows all data
related to the inhibited and uninhibited results.

Figure 4. Simultaneous Amplification of HSV DNA and IAC of Some CSF
and Keratitis Specimens, Representing 7 Experiments, 4 for CSF and 3 for
Keratitis

M: SM1108 DNA ladder (MBI Fermentas, USA); Lane 1: positive control; Lane
2 to lane 5: CSF specimens; Lane 2: inhibited CSF specimens; Lane 6 to lane
8:keratitis specimens (lane 8 is true-negative result); Lane 9: negative con-
trol. Lane 2-8 contains 103 copies of IAC plasmids.

Table 1. Results of PCR Analysis of Specimens @

Sample Results Inhibited Uninhibited
Positive 3 33
Negative 4 143
Total 7 176

2 All PCR analysis was compared to the culture. One of the positive
inhibited specimens was keratitis and the two others were CSE. The four
negative ones inhibited specimens correspond to 1 keratitis and 3 CSE.

5. Discussion

In our investigation, the specificity of the primer set was
examined against other species of Herpesviridae and non-
HSV genomic DNA. Although most of the employed DNA
in the specificity test was DNA HSV-dependent, still no sig-
nal was observed that shows the precision and specificity
in primer sequences (Figure 2). In this study, sensitivity
testing of the PCR assay showed that this method is able
to detect at least 10 copies/mL of HSV DNA. Thus, it can be
concluded that this technique has high efficiency for HSV
diagnosis. An IAC is a non-target DNA sequence, which is
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present in the tube reaction along with HSV DNA that will
be amplified simultaneously in the PCR assay under the
same condition. It should be mentioned that IAC should
have unique characteristics such as stable, non-infec-
tious, easily produced, and standardized (4).

As already mentioned in the previous section, there are
two major approaches for IAC construction competitive
and noncompetitive approach (21). In a noncompetitive
approach, there are two different set of primers for IAC
and target DNA. Therefore, two PCR reactions will be
carried out in one PCR tube with the same thermal pro-
file. The optimization of IAC with this method seems to
be complicated due to the extensive range of annealing
temperatures for IAC and target as well as the increase of
risk to produce nonspecific signals due to the use of two
different set of primers (22). On the other hand, the com-
petitive method has only one set of primers for IAC and
target DNA. Thus, there is constant competition between
IAC and target DNA for binding to the primers. The main
drawback of this method is the decrease of sensitivity
of PCR due to the enhancement or reduction of ampli-
fication in one of the products (IAC or target DNA) that
can lead to a false-negative result. Thus, the most critical
factor to overcome this issue is to determine the proper
concentration of IAC. In this way, IAC is able to compete
with the DNA target to bind with the primers reasonably
(23). In a sample reaction, a high concentration of IAC
is not able to detect weak inhibitors. However, even low
concentrations of these inhibitors can cause the target
DNA signal to disappear (especially in low concentration
of target DNA). On the other hand, when the amount of
target DNA is high, a low concentration of IAC will be
eliminated due to the presence of competition during
the amplification process (14). Here, 1000 plasmids were
determined as an ideal concentration of IAC in each reac-
tion. This amount is sensitive for concentrations higher
than 500 copies/mL of target DNA.

In this work, a novel IAC was constructed by means of
an easy and applicable approach. The kDNA of L. major
was used for construction of IAC by the composite primer
technique. Through such methods, only one set of primer
was used during the PCR amplification. Composite prim-
ers were made by introducing HSV primer sequences to
the 5’ ends of kDNA primer sequences. The resulting com-
posite primers have 5’ over-hanging ends that are com-
plementary to HSV primers. The selected primers for IAC
are relatively short, which eliminate the risk of obtaining
nonspecific bands on the gel (Figures 3 and 4). The em-
ployed gene for IAC in our study has a broad spectrum
annealing temperature and, as a result, is insensitive to
thermal profile (14). This means that such an optimiza-
tion is not complicated. Furthermore, utilizing a cloning
technique provides a limitless source of IAC as a recombi-
nant DNA that can be easily used in diagnostic laborato-
ries. Moreover, the difference in size of IAC fragments and
HSV DNA is suitable and easy to detect. It is necessary to
know that the presence of two sets of primer sequences
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in one reaction will increase the possibility of nonspe-
cific band production. Therefore, we used the composite
primer technique to have only one set.

When the target signal was observed, it meant that the
inhibited IAC amplification has occurred due to the high
concentration of target DNA. Consequently, with the am-
plification of the target DNA, the amplification of IAC is
not mandatory. Thus, a positive result is considered true.
If neither IAC nor the target DNA have generated a signal,
it can be concluded that at least one inhibitor was pres-
ent in the PCR assay (24). At this stage, all of the steps
have to be repeated properly. The obtained results from
the culture method indicated that PCR is a much more
sensitive technique for HSV diagnosis in comparison
with the viral culture method and would be considered
a reference technique (25, 26) regardless of whether the
samples were obtained from CSF or keratitis.

In the recent years, IAC was constructed for various
pathogens by means of different DNAs (27, 28). In addi-
tion, various genes can be used for an IAC. For example,
Dreier et al. (22) used A Bacteriophage to make an IAC
for validation of detecting congenital Cytomegalovirus.
This IAC was 150 bp and target gene was 100 bp. The gap
between the two fragments (IAC and target DNA) should
be relatively high and be easily distinguishable (28). In
the present investigation, the size difference in the con-
structed IAC fragments and HSV DNA is about 200 bp,
which can be easily distinguished. Also, in different stud-
ies (23, 29), IAC were constructed for real-time PCR diag-
nosis for different pathogens by using single stranded
oligonucleotides. However, we designed an IAC for gener-
al PCR and by using non-target gene (kDNA f Leishmania),
which would be used for construction of IAC for many
other target pathogens that PCR diagnosis was due to a
broad annealing temperature. By using introduced IAC,
which is applicable easily with broad range of annealing
temperature, to establish a new reliable method to have
the least false-negative results for this kind of diagnosis.

The methodology is simple and should enable labora-
tories to conveniently complement their existing panel
of PCR assays with such an IAC. Until now, the concentra-
tion of IAC and target sequence was considered a critical
parameter for the detection limit of a PCR assay. The dem-
onstrated stability in the current study makes this DNA
suitable for the construction of IAC in other pathogenic
DNA, a fact that can also be applicable for other molecu-
lar based viral detection systems. Moreover, the higher
amount of target DNA present in the samples, the lower
was the increase of the IAC specific amplification signals
on the gel. As a result, during the complementing of PCR
assay with competitive IAC, the amount of IAC plays an
important role that can avoid the competitive inhibition
of the respective virus-specific PCR and loss of assay sensi-
tivity. It can be seen that due to the competition between
the two DNAs in the sample reaction, a high concentra-
tion of IAC in the sample of reaction is not influenced by
feeble and least inhibitors. However, the disappearance

of the target band by those weak inhibitors is possible.
Therefore, determination of an optimized amount of IAC
in each PCR reaction is vital (21,30, 31) that, in fact, can be
a limitation of this study that can be improved with fur-
ther investigation. Since the introduced IAC may not ex-
press all inhibitory factors in HSV diagnosis and it might
just explain some of them.

In conclusion, if a nucleic acid amplification method
is to be a highly reliable diagnostic test for pathogens,
it must include internal control. Here, a novel IAC with
a competitive approach was constructed for HSV diagno-
sis, which was in an agreement and not a reflection with
the HSV thermal profile. It can be a sensitive tool to ob-
tain reliable results for HSV diagnosis with a PCR assay,
which is a cost effective, simple, and accurate method.
It can be applicable in routine evaluations or diagnostic
kits. The use of IAC DNA may streamline assays and may
avoid the risk of handling errors in HSV detection due to
the addition of only one IAC to the various samples.
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