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Abstract
Aim: Formalin fixing and paraffin embedding of tissue samples is one of the techniques for preserving the structural
integrity of cells for a very long time. However, extraction and analysis of genomic material from formalin fixed tissue
(FFT) remains a challenge despite numerous attempts to develop a more effective method. The success of polymerase chain
reaction (PCR) depends on the quality of DNA extract.
Materials and Methods: Here we assessed the conventional method of DNA extraction from FFT for African swine fever
virus (ASFV) detection. The modified conventional method gave a higher quality DNA when compared with commercially
available DNA extraction kits (QIAamp® DNA Mini Kit, DNeasy® Blood and Tissue Kit, and ZR Genomic DNA™ Tissue
MiniPrep).
Results: An average A260/A280 DNA purity of 0.86-1.68 and 3.22-5.32 μg DNA/mg for formalin fixed and non-fixed
tissues, respectively using a conventional method. In a reproducible and three times repeat PCR, the ASFV DNA expected
product size of 278 bp was obtained from the DNA extract of the conventional method but not from the DNA extract of the
commercial kits.
Conclusion: The present study has demonstrated that the conventional method extracts ASFV genome better than commercial
kit. In summary, the commercial kit extraction appeared not suitable to purify ASFV DNA from FFT. We, therefore, recommend
that the use of the conventional method be considered for African swine fever DNA extraction from FFT.
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Introduction

African swine fever (ASF) is a viral disease of
domestic and wild pigs that has continued to circulate
within the pig population in Nigeria. The causative
agent of the disease is ASF virus (ASFV) of the genus
Asfivirus in the family Asfaviridae which is a large
and complex enveloped DNA virus with a genome
size ranging 170-190 kbp [1].
The typically acute form of the disease is characterized by lymphoreticular endothelial cells damage resulting in widespread hemorrhage, morbidity
and mortality approaching 100%. Sub-acute form of
the disease presents loss of condition that may end
in death of pigs due to complications like pneumonia. Chronic survivors may also present with stunted
growth, emaciation and hemorrhagic necrosis of the
skin overlying the bony protuberances, abscessation
and deep ulceration [2].
The virus poses serious socio-economic problems especially in the African continent as confirmed
in several reports on outbreaks in many countries [3-5].
The disease has continued to spread in Nigeria causing serious socio-economic losses [3,6] therefore,
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for a proper control measures to be put in place, both
active and passive surveillance has to be in place and
samples reaching the laboratory within the shortest
time. Collection, storage and transport media used for
delivering samples to the laboratory determines there
suitability and rapid diagnosis [2].
Conventionally, laboratory diagnosis of ASF utilizes indirect ELISA, immunoblotting, direct immunofluorescence, hemadsorption test, viral isolation
and polymerase chain reaction (PCR) techniques on
ASF suspected samples and control via the enforcement of strict sanitary measures since vaccines are not
available [7,8].
Molecular based analysis has a vast application
in bio-medical research especially in the utilization
of stored or preserved samples. Formalin fixing and
paraffin embedding of tissue samples is one of the
techniques for preserving the morphological integrity of tissues for a relatively long time prior to analysis. These preserved samples are a vast repository
of genetic information of interest to both biological and medical researchers especially in a situation
where fresh or frozen tissues are not available [9,10],
or where the diagnostic integrity of such samples is
compromised by poor infrastructures. However, the
use of molecular DNA based techniques on formalin
treated tissues has been with enormous challenges
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because of the capacity of formaldehyde to form cross
links between nucleic acids and proteins that causes
fragmentation of genomic material [11,12]. These
fragmentations lead to the inability to amplify large
molecular products by PCR [13,14]. To generally
extract DNA from formalin fixed and paraffin embedded tissues, deparaffinization will have to be carried
out to de-wax embedded tissues followed by digestion
of the samples and purification. Briefly, these steps
involve treatment with xylene and ethanol, proteinase K digestion, precipitation and recovery of total
DNA [15]. Moreover the success of PCR is hinged on
the quality of the DNA extract and absence of contaminants that can interfere with amplification [16]. ASF
is an acute DNA viral disease of pigs with high morbidity and mortality. Molecular technique has been
one of the rapid diagnostic procedures employed in
the diagnosis of ASF virus.
The aim of this work was to detect ASF genome
from formalin fixed tissues (FFT) and non-FFT using
a conventional DNA extraction procedure and commercial kits in view of the need for a rapid and qualitative DNA extraction protocol on the type of samples
submitted to the laboratory for ASF diagnosis.
Materials and Methods
Formalin-fixed and non-fixed tissues

Figure-1: Study design: schematic representation of study
design.

Genomic DNA™ Tissue MiniPrep following the manufacturers’ instructions and a conventional method
described by Huang et al., [17] with modifications.
Evaluation of the results of DNA extraction was carried out by measuring yields by spectrophotometry
(BioPhotometer; Eppendorf Scientific, Hamburg,
Germany) at A260/A280 and checking on 1.5% agarose gel electrophoresis.
DNA extraction from tissues

This is a laboratory experimental study utilizing ASF positive and negative tissues retrieved from
−80°C ultra-low freezer of the Applied Biotechnology
Department, National Veterinary Research Institute,
Vom Nigeria. The samples were obtained from an
outbreak in October, 2013 at Langtang South local
government area of Plateau state, Nigeria. The study
emanated from ASF suspected samples that were
submitted to the laboratory in 10% formalin for diagnosis. As a result four ASF tissues from the 2013
outbreak: Mesenteric LNs, lungs, liver and spleen earlier diagnosed positive for ASF by PCR were used.
Each of the four positive samples were divided in
two (Group 1,2), each of the four tissues in Group 1
were divided in triplicates and fixed in 10% formalin
for 3 days at room temperature while each of the tissues in Group 2 were also divided in triplicates but
not fixed (non-fixed) giving a total 12 replicates each
for fixed and non-fixed tissues respectively. A group
of four samples confirmed negative for ASF was also
obtained to serve as control. DNA was extracted from
all samples (FFT, non-fixed neurofiblirarlly tanges
[NFT] and negative tissues).

Approximately 10-15 μm tissue snip from the
total 28 (12 FFT tissues, 12 non-FFT, and 4 nonFFT negative controls, respectively) samples were
put into 1.8 ml tube and DNA extracted using the
commercial kits (QIAamp DNA Mini Kit [Qiagen,
Germany], DNeasy Blood and Tissue Kit [Qiagen,
Germany] and ZR Genomic DNA™ Tissue MiniPrep
[Zymo Research, CA, USA]) according to manufacturer’s instruction. DNA was also extracted using the
conventional method reported by Huang et al. [17]
with some modifications. Briefly, the FFT were first
washed twice in 100%, 95% and 75% ethanol at 6 h
interval after which they were also washed twice in
distilled water at 6 h interval each. The tissues were
digested overnight at 55°C using a total concentration of 40 mg/ml proteinase K added twice. DNA was
extracted with phenol: Chloroform:Isoamyl alcohol
(25:24:1, v/v/v) and precipitated with isopropanol
and 3M sodium acetate, allowed to dry at room temperature and the resultant pellet dissolved with 50 μl
distilled water. Extraction was confirmed by agarose
gel electrophoresis and the DNA purity measured at
A260/A280 wavelength kept at +4°C prior to use.

Design of test/experimental set-up

Determination of DNA purity

ASF positive tissues (mesenteric LNs, lungs,
liver and spleen) were retrieved and grouped into two
(2, and of four samples each), formalin fixed (n=12)
and non-fixed (n=12) and a group of four (n=4) ASF
negative tissue samples as a control, respectively giving a total number of 28 samples (Figure-1). DNA
was extracted from the three groups using QIAamp
DNA mini kit, DNeasy® blood and tissue kit and ZR

To assess the purity (quality) of extracted DNA, the
BioPhotometer Spectrophotometer (BioPhotometer;
Eppendorf Scientific, Hamburg, Germany) was used.
This was necessary because amplification of genomic
material depends on the quality of the product which
generally varies with formalinized tissues. The experimental procedure was performed according to the
manufacturer’s instructions. Finally, the DNA was
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diluted twice the elution volume, and the quality evaluated by DNA amplification using the OIE pAS diagnostic primers and amplification conditions for 278 bp
product. Data obtained from the triplicate samples
were analyzed using GraphPad prism version 5.00,
GraphPad Software, San Diego California, USA.
ASF PCR and electrophoresis

2 μl of the DNA was used as a template for the
PCR. The reaction was carried out in 200 μl thinwalled PCR tubes, in a final volume of 25 μl containing the following reagents: 2.5 μl of × 10 PCRBuffer,
2 μl MgCl (25 mM), and 0.5 μl dNTPs (10 mM),
1 μl each of forward and reverse primers (20 pmol of
each primer). The pAS (OIE) diagnostic primers used
were pAS-1 (F), 5’-ATG GAT ACC GAG GGA ATA
GC-‘3; and pAS-2 (R), 5’-CTT ACC GAT GAA AAT
GAT AC-‘3. PCR amplification was carried out as follows: An initial denaturation step was done at 94°C
for 15 s, followed by 35 cycles consisting of denaturation at 94°C for 15 s, annealing at 62°C for 15 s,
extension at 72°C for 15 s, and final extension at 72°C
for 7 min for the expected products size.
The PCR products were analyzed by electrophoresis on 1.5% agarose gel and visualized under ultraviolet light. The results were only taken as valid if all
the negative controls showed no bands while the positive controls displayed bands at the 278 bp region of
the DNA marker.
Results

No DNA material could be detected in agarose
gel electrophoresis of the samples extracted with the
three commercial kits protocol (Figure-2). Allowing
the tissue to digest further for 48 h at an increased
volume of proteinase K still failed to yield product
amplification. However, DNA product amplification
was obtained from the FFT using the Huang et al.,
(2010) method with some modifications (Figure-3).
The quantity of DNA extract measured at A260/A280
ranged from 0.86 to 1.68 and 3.22-5.32 μg DNA/mg
for formalin fixed and non-fixed tissues, respectively
(Table-1). The average DNA quality of the FFT was
1.24 μg DNA/mg compared to 4.21 μg DNA/mg for

Figure-2: Gel electrophoresis showing African swine fever
virus amplification: Lane M, molecular marker of 100 bp.
Lane 1-8, formalin fixed tissues DNA from commercial kits.
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non-fixed tissues. The modified conventional method
gave higher DNA yield of 2.79 compared to the commercial kits used (Table-2) and molecular products
for both fixed and non-fixed tissues on agarose gel
(Figure-3).
Discussion

Diagnostic methods using DNA from FFT are
becoming relevant to resolve retrospective questions
from preserved tissues because of their repository
genomic value. We tested African virus DNA extracts
from three commercially used DNA extraction kits
and a conventional method for the quality of DNA
for amplification of 278 bp gene segment of ASFV
by conventional PCR. The DNA obtained was diluted
to eliminate or minimize the effect of PCR inhibitors but still there was no amplification for the FFT.
Amplification was only obtained for samples with
high DNA yield especially the non-fixed tissues.
Although DNA shearing/fragmentation by formalin
and the carryover of PCR inhibitors can affect amplification negatively besides, DNA was extracted and
amplified [18]. Although, limited number of samples
was used for the experimental study of the different commercial DNA extraction kits, but the result
obtained agrees with previous field sample result of
non-fixed ASF tissues by other authors [6].
The commercial kits used have been optimized and widely used for DNA isolation from samples [19-21]. DNA extracted from non-fixed tissues
using the above methods yielded the expected product
of 278 bp for ASFV. This agrees with previous findings using the various kits for the detection of ASFV
from suspected porcine tissues [6,22]. Although the
sensitivities of the different commercial kits were
not considered, but they have been used by different
authors for the extraction of ASF suspected samples.
Using the modified conventional method of
Huang et al., [17] gave high yield (purity) DNA

Figure-3: Polymerase chain reaction gel showing 278 bp
of African swine fever virus. The first lane M, molecular
marker of 100 bp. 1-4 non-fixed tissues and 5-8 formalin
fixed tissue products from modified conventional method
respectively.
813

Available at www.veterinaryworld.org/Vol.7/October-2014/11.pdf
Table-1: Analytical DNA yield in mesenteric lymph node, lungs, liver and spleen, expressed as μg DNA/mg of tissue.
Fixation time of 3 days followed by conventional method extraction.
DNA yield (purity) mean±SD (n)
Treatment
Formalin fixed
Non-fixed

Mesentric LN

Lungs

Liver

Spleen

Overall

1.51±0.082 (2)
5.32±0.123 (2)

1.91±0.058 (2)
3.22±0.082 (2)

0.86±0.13 (2)
4.11±0.018 (2)

1.68±0.014 (2)
4.20±0.163 (2)

1.24±0.416 (8)
4.21±0.860 (8)

SD=Standard deviation, LN=Lymph node
Table-2: Analytical DNA yield in mesenteric lymph node, lungs, liver and spleen, express as μg DNA/mg of tissue.
Fixation time of 3 days followed by conventional method and commercial Kit extraction.
DNA yield (purity) mean±SD (n)
Treatment

Mesenteric LN

Conventional method
QIAamp DNA mini kit
DNeasy blood and tissue
ZR genomic DNA™

3.22±0.132 (3)
1.46±0.054 (3)
1.04±0.123 (3)
1.52±0.16 (3)

Lungs
2.30±0.072
0.95±0.042
0.91±0.022
0.91±0.058

(3)
(3)
(3)
(3)

Liver

Spleen

2.68±0.13 (3)
1.18±0.018 (3)
1.25±0.053 (3)
1.22±0.022 (3)

2.96±0.014
1.22±0.163 (3)
1.12±0.021 (3)
1.29±0.166 (3)

Overall
2.79±0.394
1.20±0.209
1.08±0.143
1.24±0.252

(12)
(12)
(12)
(12)

SD=Standard deviation, LN=Lymph node

following prolonged washing with ethanol and proteinase K digestion, however, this method is laborious
and time consuming and may contain residues that
will affect downstream applications. These treatments
yielded better results than the commercial kits suggesting that proteinase K treatment plays an important
role in proper purification of DNA fragments. Thus
the electrophoresis gel showed smears which probably corresponded to DNA degradation due to the
effect of formalin. The lack of smears and bands on
the commercial kit suggested the role of proteinase K
in the tissue digestion [13,23].
Although the purity of the DNA extracted was
not as high as compared to NFT but the amplification yielded the desired product size for the relatively
high yield. The desired amplicon size for ASFV was
278 bp, it would have been difficult if we were to
amplify a product above 1kb due the genome fragmentation [23]. Comparatively, the DNA yield from
NFT (4.21 μg DNA/mg) was higher than those from
FFT (1.24 μg DNA/mg). This may be attributed to
the influence of formalin and loss of DNA during the
washing steps. This is in agreement with previous
report by Huijsmans et al., [24]. Our findings showed
no significant differences in DNA yield among the
commercial kits but significant difference with the
conventional method. This differs from studies by
Mirmomeni et al., [25] who reported no significant
difference between phenol-chloroform method, salting out using ammonium acetate and commercial kit.
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