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Abstract

Background and Aim: Flinders Technology Associates (FTA) cards simplify sample storage, transport, and extraction by 
reducing cost and time for diagnosis. This study evaluated the FTA suitability for safe transport and storage of Gram-positive 
and Gram-negative bacterial cells of animal origin on its liquid culture form and from organ impression smears (tissues) 
under the same routine condition of microbiological laboratory along with detecting their nucleic acid over different storage 
conditions.

Materials and Methods: Increase in bacterial count from 104 to 107 (colony-forming units/mL) of 78 isolates representing 
seven bacterial species was applied onto cards. FTA cards were grouped and inoculated by these bacteria and then stored at 
different conditions of 24-27°C, 4°C, and −20°C for 24 h, for 2 weeks, for 1 and 3 month storage, respectively. Bacteriological 
examination was done, after which bacterial DNA was identified using specific primers for each bacterial type and detected 
by polymerase chain reaction (PCR).

Results: The total percentage of recovered bacteria from FTA cards was 66.7% at 24-27°C for 24 h, the detection limit was 
100% in Gram-positive species, while it was 57.4% in Gram-negative ones. Regarding viable cell detection from organ 
impression smears, it was successful under the previous conditions. No live bacterial cells were observed by bacteriological 
isolation rather than only at 24-27°C for 24 h storage. All bacterial DNA were sufficiently confirmed by the PCR technique 
at different conditions.

Conclusion: Overall, the FTA card method was observed to be a valid tool for nucleic acid purification for bacteria of 
animal origin in the form of culture or organ smears regardless of its Gram type and is used for a short time only 24 h for 
storage and transport of live bacteria specifically Gram-positive type. Moreover, the bacterial nucleic acid was intact after 
storage in −20°C for 3 months and was PCR amplifiable.

Keywords: bacteria, colony-forming units, Flinders Technology Associates, nucleic acid, polymerase chain reaction.

Introduction

It is desirable for laboratories to maintain bacte-
rial strains in culture for extended time for research, 
teaching, and quality control purposes. Flinders 
Technology Associates (FTA) helps in gathering, puri-
fication, and storage of genetic material from various 
biological sources [1]. FTA card simplifies sample 
storage transport and DNA extraction, thereby reduc-
ing the cost and time for diagnosis [2]. The chemi-
cals impregnated in that filter paper have made the 
samples as non-infectious, therefore minimizing the 

biohazards, especially during shipment [3]. In addi-
tion, FTA card chemical structure enhances cell lysis 
and DNA binding activity to the surface, in addition 
to nucleic acid protection against degradation [4]. 
Moreover, using FTA card is helpful in large field sam-
pling for surveillance, yielding a sufficient amount of 
nucleic acid that is still stable at 24-27°C for further 
screening over time of storage at 24-27°C [5].

The hazardous biological agents have a possi-
ble risk of infection in animal species and humans, 
despite that its shipment requires a secured condi-
tion for transportation and specific time-temperature 
circumstances to assure safety handling and satisfac-
tory diagnostic process in laboratory condition [6]. 
The FTA method is used in areas with limited facility 
for storage and these cards are also useful for nucleic 
acid collection from unconventional sources like 
mosquito and preserve the nucleic acid of viruses 
for further investigation [7]. FTA cards are useful in 
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forensic studies as its chemical structure saves the 
samples from deterioration until the final analysis 
[8]. Different zoonotic infectious bacteria can be 
transmitted to human through different routes, such 
as food and water, among others. Furthermore, most 
pathogens are normally inhabitant in apparently 
healthy animals and may transmit diseases through 
products (meat or meat product, poultry meat, or 
its product milk and eggs) [9]. There are differ-
ent bacterial agents in various animals and poultry 
with high zoonotic importance like Staphylococcus 
aureus, causing mastitis in cows and buffaloes [10], 
Listeria spp. specially Listeria monocytogenes [11], 
and Mycobacterium tuberculosis bacilli during their 
treatment or from animal source [12]. FTA cards 
served as storage tools for different microbial nucleic 
acids such as Salmonella [13] and Campylobacter 
[14], which could be transmitted through milk prod-
ucts and milk samples from apparently healthy buf-
faloes and other ruminants [15]. Escherichia coli 
is also one of the pathogenic agents in avian spe-
cies [16] causing calf diarrhea [17], and another 
infectious agent is Pseudomonas aeruginosa [18]. 
Furthermore, FTA card commercial tools are possi-
ble tools for detecting Pasteurella multocida DNA 
in all samples tested and for storage period up to 35 
days at 4°C and 37°C [19]. 

The FTA cards become an excellent transport 
tool for collection and archiving of samples for 
diagnosing some poultry viruses and can be widely 
used for shipment of samples [20]. Therefore, FTA 
cards have been designed to keep the pure bacte-
rial culture [1] and the nucleic acids of infectious 
agents directly from tissues by the mean of impres-
sion smears allow safety gathering and nucleic acid 
storage [3]. Furthermore, it was found in different 
forensic laboratories as required various DNA anal-
ysis techniques [21].

FTA cards have been approved as an excellent 
tool for shipment, collection and diagnosis of some 
poultry viruses [20]. Therefore, it is considered an 
easy way to collect samples from different areas with-
out the need of cool chain or safety measures during 
shipment of hazardous reagents [6]. Furthermore, the 
FTA cards facilitate the transport of different virolog-
ical samples in countries where the reverse cold chain 
is unavailable [22].

Whatman FTA cards were widely used to store 
different types of samples like tissues and cells. Also, 
nucleic acid could be stored onto cards and amplified 
for different molecular analysis [23].

This study evaluated the FTA suitability for safe 
transport and storage of Gram-positive and Gram-
negative bacterial cells of animal origin on its liquid 
culture form and from organ impression smears (tis-
sues) under the same routine condition of microbio-
logical laboratory along with detecting their nucleic 
acid over different storage conditions.

Materials and Methods

Ethical approval

This study does not require ethical approval. 
However, Institutional and National guidelines for the 
care and use of animals were followed according to 
the guidelines approved by the ethics committee of 
Animal Health Research institute.
Samples

Two hundred samples were collected from domes-
tic farms of Giza Governorate from January-2018 
to December-2019 from apparently healthy and dis-
eased buffaloes and chickens as follows: 114 samples 
from buffaloes (93 raw and mastitis buffalo milk, 17 
fecal matter, and 4 skin lesion samples) and 86 sam-
ples from chicken (liver 16, spleen 7, heart 33, and 
lungs 30). All samples were collected under full asep-
tic conditions in separate labeled containers, and then 
quickly sent to the laboratory in an icebox for bac-
teriological examination. For closed edematous skin 
lesions of buffalo samples, disinfection of the surface 
using 5% tincture iodine was applied.
Bacteriological examination

Samples were bacteriologically examined 
according to Quinn et al. [24]. One milliliter of each 
sample was aseptically collected, cultured in 9 mL 
of different enrichment broths, and also secondary 
enrichment was streaked onto different agar media 
(Table-1).
Total bacterial count

One milliliter of each sample was harvested by 
centrifugation at 13,400×g for 5 min, washed, and 
serially diluted in 0.1% peptone water to yield cell sus-
pensions ranging from 100 to108 colony-forming unit 
(CFU)/mL. The bacterial population was determined 
by plating 0.1 mL portion of appropriately diluted cul-
ture on duplicate selective agar plates and incubated at 
37°C for 48 h. The total colony count per mL of broth 
culture was then calculated and recorded [25].
Conventional polymerase chain reaction (PCR) for 
detecting conserved genes for isolated strains

Inoculating FTA cards 
Fifty microliters cell suspension was pipetted and 

spotted onto duplicate FTA card sample area according 
to the instructions of Whatman [26], ensuring an even 
distribution. Furthermore, impression smears of tissue 
organs on FTA cards were obtained. FTA cards were 
allowed to dry at 24-27°C in a biosafety cabinet Class 
A II (Thermo Fisher, Germany) for 1-2 h and stored 
in a dry dark place. The cards were then grouped into 
four groups as follows: Group (A), the cards were 
incubated at 24-27°C for 24 h; Group (B), incubation 
was performed at 4°C for 2 weeks; Group (C), cards 
were stored at −20°C for 1 month; and Group (D), 
cards were kept at −20°C for 3 months. The viabil-
ity of bacteria on FTA cards was tested by embedding 
paper disc pieces (with a sterile punch) of each bac-
terial type in phosphate buffer saline (pre-enrichment 



Veterinary World, EISSN: 2231-0916 2245

Available at www.veterinaryworld.org/Vol.13/October-2020/29.pdf

media) for 24 h at 37°C, then inoculated on relevant 
selective medium. Cards without bacterial inoculation 
served as a control.

For detecting DNA from inoculated FTA cards, 
the cards were punched out using a 2.0 mm Harris 
Micro Punch (Whatman Inc., Sigma-Aldrich, UK) 
and transferred into sterile 1.5 mL Eppendorf tubes 
before adding 200 μ FTA purification reagents. Tubes 
were mixed and homogenized for 2 min (TissueLyser, 
LT. Qiagen, Germany) and then incubated at 56°C 
for 5 min. The purification reagent was discarded 
and replaced with fresh one to repeat this step one 
more time. DNA was purified from bacterial isolates 
inoculated onto cards using QIAamp DNA Mini Kit 
(Qiagen, Germany, GmbH Catalogue no. 51304). 
Oligonucleotide primers supplied by Metabion 
(Germany) are listed in Table-2 [27-33].

PCR amplification
Primers were used in a 25 μL reaction containing 

12.5 μL EmeraldAmp Max PCR Master Mix (Emerald, 
Japan), 1 μL each primer of 20 pmol concentrations, 
4.5 μL diethyl pyrocarbonate water, and 6 μL tem-
plate. The reaction was performed in a Biometra T3 
thermal cycler (Germany). Table-2 shows the thermal 
profile for each primer. 

Analysis of the PCR products
PCR products were separated by electrophoresis 

according to Sambrook et al. [34]. Gelpilot 100 bp 
plus Ladders (11 bands) (Qiagen, Germany, GmbH) 
and Generuler 100 bp (10 bands) ladder (Fermentas, 
Germany) were used to determine fragment sizes. The 
gel was photographed using a gel documentation sys-
tem (Biometra BDA digital, Germany) and the data 
were analyzed with the help of proprietary software 
(automatic image capture software protein simple for-
merly Cell Bioscience, USA).
Results

After bacteriological examination of 200 dif-
ferent samples, 78 bacterial isolates were obtained. 
Serological testing of the isolates revealed seven dif-
ferent bacterial species of both Gram-positive and 
G̶̶ram-negative categories. The bacterial count was 
relatively high and ranged from 104 to 107 CFU/ mL. 

Using specific primers, all isolates were confirmed by 
the PCR technique (Table-3).

The effectiveness of FTA cards for detecting dif-
ferent species of bacteria by traditional bacteriologi-
cal methods and purification of their nucleic acids was 
checked and As previously mentioned, four groups 
(A-D) of FTA cards were prepared and inoculated 
by the isolated bacteria. Inoculation was performed 
for all isolated bacterial cell liquid cultures and also 
impression smears from chicken organs for the first 
condition trial at 24 h 24-27°C.

In Group A, all Gram-positive bacteria (S. aureus, 
Corynebacterium pseudotuberculosis, and L. mono-
cytogenes) were detected 24 h after inoculation at 
24-27°C with detection percentage of 100%, while 
variations occurred in Gram-negative types on which 
the detection percentage from cards was 57.4%, even at 
very high cell concentrations. From Table-4, 19/35 of 
E. coli, 1/2 of P. aeruginosa, 1/1 of Yersinia enterocolit-
ica, and 9/18 of P. multocida were detected. However, 
20 positive randomly selected chicken internal organs 
(liver, spleen, heart, and lung impression smears) out of 
32 were also inoculated onto cards and left at 24-27°C 
for 24 h, and all bacteria were detected from their selec-
tive agar plates and also confirmed by PCR.

The above-mentioned results revealed that the 
overall detection sensitivity of FTA cards of bacterial 
isolates was 66.7%, with 100% for detecting Gram-
positive compared with Gram-negative related species.

All other FTA groups (B, C, and D) incubated 
at different conditions for different periods (4°C for 
2 weeks, −20°C for 1 and 3 months, respectively) were 
also tested bacteriologically and no growth of bacte-
ria was observed on the surface of bacterial selective 
agar media in all groups. We checked the availability 
of FTA cards for their efficacy of storage of bacte-
rial live cells and for DNA detection at the previously 
mentioned storage conditions. The conventional PCR 
technique was used for amplifying target sequence of 
different conserved specific genes for each bacterial 
species using different sets of primers (Table-2). 

All card groups (A, B, C, and D) nucleic acids 
showed their specificity to the examined gene prim-
ers. Positive amplicon of 16S ribosomal RNA gene 
(Figure-1) showed positive molecular weight of 1200 

Table-1: Types of enrichments for different bacterial species.

Family Pre-enrichment Selective enrichment

Listeriaceae Listeria enrichment broth (UVM I), 
UVM II (Frazer broth

Oxford agar 

Pasteurellaceae Nutrient broth Blood agar 
Pseudomonadaceae Nutrient broth Pseudomonas selective agar with C, N supplement
Enterobacteriaceae Nutrient broth MacConkey agar, 

Eosin methylene blue agar (EMB) 
Staphylococcaceae Nutrient broth Baird parker
Yersiniaceae Trypticase soy broth Yersinia selective agar 

supplemented with cefsulodin, irgasan, novobiocin (CIN) 
Yersinia supplement

Corynebacteriaceae Nutrient broth Blood agar and brain–heart infusion agar plates 
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bp of five L. monocytogenes isolates. Also P. multo-
cida species was confirmed by amplifying a specific 
fragment of the capsular gene (kmt1) that was ampli-
fied at 460 bp (Figure-2). 

In Figure-3, 16S RNA gene for Pseudomonas 
aeruginosa and Y. enterocolitica is amplified and 
declared a specific molecular weight for the two 
species at 965 and 330 bp, respectively, and a posi-
tive fragment of 203 bp of phospholipase gene (pld) 
of C. pseudotuberculosis was moreover confirmed. 
Verifying the detection of Staphylococcus species 
from FTA cards by PCR 16 sRNA gene was amplified, 
moreover, another gene (clumping factor gene frag-
ment clfA) for specifying S. aureus also showed posi-
tive amplification at 638 bp (Figure-4). In addition to 
the positive amplification of 720 bp of alkaline phos-
phatase gene (phoA), which is a common conserved 
gene of E. coli (Figure-5).
Discussion

Fast and successful identification of microor-
ganisms is a key point for diagnosis in the microbiol-
ogy laboratory. Conventional identification is usually 
based on the phenotypic characters of organisms and 
it is laborious and time intensive. The technology of 
rapid kit method simplifies collection and storage of 
nucleic acids for molecular techniques and genetic 
analysis, thus reducing costs and time required [2]. 
Furthermore, the cards have been used to store differ-
ent samples and for cytological specimens that should 
undergo various tests and molecular analyses [35,36] 
in addition to Green et al. [37], who also proved that 

the tissue for different organs is suitable to be placed 
onto cards and genetic profile can be evaluated.

The FTA method is cheap, rapid, and efficient 
for transporting bacterial DNA [37]. The structure of 

Table-3: Sources, numbers, and detection rates of samples from FTA cards after incubation for 24 h at 24-27°C. 

Type of sample No. of 
examined 
samples

Gram 
type

No. of +ve 
isolates

Isolates types % of * 
+ve

Positive detection 
of viable cells onto 

FTA cards

No. % **

Mastitis milk 33 G+ve 7 S. aureus 21.21 7 100
G−ve 2 P. aeruginosa 6.06 1 50

Fecal samples 17 G−ve 5 E. coli 29.41 5 100
G−ve 1 Y. enterocolitica 5.88 1 100

Skin lesions 4 G+ve 1 C. pseudotuberculosis 25 1 100
Raw milk samples 60 G+ve 5 L. monocytogenes 8.33 5 100
Internal organs from 
chickens (heart, spleen, 
liver, and lung)

86 G−ve 35 E. coli 45.3% 19 54.3
G+ve 4 S. aureus 4.7% 4 100
G−ve 18 P. multocida 20.9% 9 50

Total 200 78 ------------------ 39% 52 66.7

*Percent calculated according to the number of total samples’ type. **Percent calculated according to the number of 
positive samples’ type. L. monocytogenes=Listeria monocytogenes, P. multocida=Pasteurella multocida, 
P. aeruginosa=Pseudomonas aeruginosa, Y. enterocolitica=Yersinia enterocolitica, C. 
pseudotuberculosis=Corynebacterium pseudotuberculosis, S. aureus=Staphylococcus aureus, E. coli=Escherichia coli

Table-4: The detection results of inoculated FTA cards 
after 24 h at 24-27°C with respective to the Gram type.

Bacterial type Total no. Re-isolation from FTA 
cards (%) 

Gram positive 17 17/17 (100%)
Gram negative 61 35/61 (57.4%)
Total 78 52/78 (66.7%)

Figure-2: Agar gel electrophoresis for Pasteurella 
multocida. Lane 1 represents Gelpilot 100 bp ladder (10 
bands). Lanes 2 and 3 represent positive and negative 
reference control for P. multocida, while from lane 4:8 
represents positive amplification P. multocida strains at 
460 bp.

Figure-1: Agar gel electrophoresis for Listeria 
monocytogenes. The figure showing PCR products for the 
amplified 16 S RNA gene of L. monocytogenes. Lane 1 
represents Gelpilot 100 bp plus ladder (11 bands). Lanes 
2 and 3 represent positive and negative reference control. 
From lane 4 to lane 8 represent five L. monocytogenes 
strains at 1200 bp. 
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FTA cards and other commercial cards is paper-based 
system storing nucleic acids direct or contact to an 
organ [38]. This study discussed and evaluated the 
effectiveness of FTA commercial cards for transport-
ing different samples to the laboratory as a vehicle and 
storage media. 

FTA cards were used for collecting milk sam-
ples as a surveillance tool in cases of cattle mastitis 
as an easy tool for transportation and PCR detection 
[39]. Furthermore, they stated that the FTA technique 

simplifies DNA extraction and purification methods. 
In this study, as shown in Table-3, 200 different sam-
ples (milk samples, the skin lesion from diseased buf-
faloes, fecal samples, and chickens internal organs 
such as the lung, liver, heart, and spleen) were exam-
ined bacteriologically and the results were confirmed 
by conventional PCR (Figures-1-4). The examination 
revealed seven bacterial species such as L. monocy-
togenes, E. coli, Y. enterocolitica, C. pseudotubercu-
losis, S. aureus, P. aeruginosa, and P. multocida with 
bacterial counts ranging from 104 to 107 CFU mL. 
Furthermore, 78 bacterial cell cultures from both Gram 
types (Gram-positive and Gram-negative) were inoc-
ulated onto FTA cards and incubated for 24 h storage 
at 24-27°C. It revealed that the Gram-positive bacte-
ria were detected from cards with 100%, while that of 
Gram-negative detection were 57.4% (Table-4). Nearly 
similar results were obtained by Rajendram et al. [1], 
recording the viability of bacterial cells retained on 
the FTA cards varied among broad groups of bacteria, 
where the more fragile Gram-negative species, no via-
ble cells were retained even at high cell densities 107 
and 108 CFU mL−1, while the Gram-positive species 
showed viable cell growth. Furthermore, the difference 
between Gram-positive and Gram-negative was mea-
sured by acids [40] as the difference may occur due 
to the intact cell with healthy wall as Gram-positive 
bacteria cytoplasmic membrane is covered by a thick 
(20-80 nm) cell wall layer comprising thick peptido-
glycan layers with murine and other components like 
polysaccharides. In addition, several bacteria of Gram-
positive types have additional secondary cell wall 
structure called polymers, having a significant role in 
bacterial cell surface attachment [41].

When 20 chicken organs impression smears 
were selected randomly and examined on FTA cards, 
it showed specific characters of colonies for the iso-
lated bacteria with confirmation of relevant nucleic 
acids at 24-27°C. These results nearly agree with that 
mentioned in Green et al. [37], in which the cards 
were valid for transporting tissue samples and tissue 
impression smears from inner organs, which is appro-
priate to put on FTA cards.

Assessment for preserving DNA from swabs onto 
FTA cards in different environments has been simple 
for both field and laboratory operation at various con-
ditions [42]. The cards have a critical role in saving 
time, especially in some epidemics to minimize the 
requirement of culturing methods and long-distance 
transportation [43]. Our results confirmed the previ-
ous findings regarding detecting bacterial DNA from 
FTA cards as all cards were positive for DNA detection 
using conventional PCR in all mentioned conditions, 
which agreed with the results obtained by Rajendram 
et al. [1] who tested 100 samples stored on FTA cards 
at ambient temperature and were successfully purified 
by DNA sequencing using the target 16S RNA gene.

As all bacterial DNA have been confirmed, and 
the results matched with that of Almeida et al. [19], 

Figure-4: Agar gel electrophoresis for Staphylococcus 
aureus. Lane 1 represents Generuler 100 bp ladder (10 
bands), lanes 2 and 3 represent positive and negative 
S. aureus reference control, lanes 4-8 represent positive 
S. aureus amplification at 638 bp.

Figure-3: Agar gel electrophoresis for Pseudomonas 
aeruginosa, Yersinia enterocolitica, and Corynebacterium 
pseudotuberculosis. Lane 1 represents Generuler 100 bp 
ladder (10 bands), lanes 2 and 3 represent positive and 
negative reference control of P. aeruginosa. While lanes 
4 and 5 represent positive amplification for Pseudomonas 
at 956 bp. Lanes 6 and 7 represent positive and negative 
control of Y. enterocolitica. While lane 8, the positive 
amplification of Y. enterocolitica at 330 bp. Lane 9 
represents positive amplification for C. pseudotuberculosis 
at 203 bp. While lanes 10 and 11 negative and positive 
reference control for Corynebacterium spp.

Figure-5: Agar gel electrophoresis for Escherichia coli. 
Lane 1 represents Generuler 100 bp ladder (11 bands), 
lanes 2 and 3 represent negative and positive reference 
of E. coli, lane 4:11 E. coli-positive amplification which 
appeared at 720 bp.
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who detected P. multocida DNA in 100% of the sam-
ples and concluded that the FTA cards can be used for 
the storage period up to 35 days at different tempera-
tures (4°C and 37°C). 

Accordingly, the study of Jóźwiak et al [44] 
proved that the long term storage at −20°C enhances 
the better stability for detection in comparison to 
24-27°C. Also the usage of cards greatly limit the 
possibility of infection and gave a long term nucleic 
acid storage. Similar conclusion was stated by FTA 
card manufacturer (Whatman Plc., UK) that the card 
could be used for sampling and transportation of even 
sensitive RNA viruses and it can be stored for a short 
time at 24-27°C or may be a longer time at −20°C and 
deep freezing −70°C [45], and no difference in sen-
sitivity of FTA cards during the detection of nucleic 
acid under different conditions; this conclusion vali-
dated similar assumption obtained by Rabodoarivelo 
et al. [46] who evaluated the sensitivity and specific-
ity of FTA cards for detection of selected strains of 
some types of tuberculosis bacteria and stated that 
method was of good for sensitivity and specificity. 
Furthermore, the stability of DNA on cards has been 
documented during the examination of different surgi-
cal specimens and stored at 24-27°C [47].

The genetic material (DNA) was safely fixed 
onto cards and protected from damage and degrada-
tion, making high-quality diagnosis and analysis by 
different molecular techniques [14]. It is possible to 
recover sufficient amounts of DNA for human iden-
tification, even after more than a decade of storage at 
ambient temperature [8].

The long-term DNA storage with high fidelity 
at various temperatures makes the FTA cards a good 
alternative way for gathering samples and suggested 
a way for the suitability of storing and transporting 
nucleic acid profitably for further molecular appli-
cation [19]. Moreover, the demonstration of the FTA 
cards of overall agreement in detecting HPV level 
and genotyping when compared with other transport 
media also showed high-quality nucleic acid required 
for testing the molecular technique when use different 
methods to describe the nucleic acid from different 
samples and tissues by different methods for down-
stream molecular applications [48]. The constancy 
for DNA storage onto FTA cards was measured by 
Chandrashekara et al. [49] and confirmed that DNA 
was stable up to 6 months.

In addition to the overall conclusion of Sarangi 
et al. [50] about the advantages of FTA®,suggesting 
that FTA card holds promise as an alternative system 
for the transportation of organs harbor an infectious 
agent (viruses and bacteria) concerning different stor-
age conditions, different assays. 

Our study confirmed using FTA in transporting 
tissue samples and culture of bacteria for phenotypic 
characterization, especially of public health concern 
and other bacteria of food health problems for only 24 
h. However, concerning using FTA card for molecular 

applications, it is valid for longer periods even at dif-
ferent temperatures. The technique requires further 
studies for many bacterial species.
Conclusion

We evaluated FTA card efficacy as a tool for 
storage of bacterial live cells of animal origin and 
their DNA over a period of approximately 3 months; 
also, we checked the safe transport of those bacterial 
agents. We clarified that it is possible to transport 
live bacteria of Gram-positive type, especially if the 
source is from organ impression smears using this 
method but not exceeding 24 h at 24-27°C. However, 
the bacterial nucleic acid can be safely detected at 3 
months. 
Authors’ Contributions

AGS designed the study, performed the molec-
ular experiments, and drafted the manuscript. NRB 
participated in the conception and design of the study. 
AAEM contributed in samples collection and bacteri-
ological examination. AAK Contributed in acquisition 
of data, analysis and interpretation of the results, and 
critical reviewing. All the authors have approved the 
final article version to be submitted.
Acknowledgments

 The authors are thankful to Reference Laboratory 
for Veterinary Quality Control on Poultry Production 
and Animal Health Research Institute for providing 
the materials, kits, and equipments. This research did 
not receive any specific grant from funding agencies 
in the public, commercial, or not-for-profit sectors.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References

1. Rajendram, D., Ayenza, R., Holder, F.M., Moran, B., 
Long,  T. and Shah, H.N. (2006) Long-term storage and safe 
retrieval of DNA from microorganisms for molecular anal-
ysis using FTA matrix cards. J. Microbiol. Methods, 67(3): 
582-592.

2. Mbogori, M., Kimani, M., Kuria, A., Lagat, M. and 
Danson, J.W. (2006) Optimization of FTA technology for 
large scale plant DNA isolation for use in marker-assisted 
selection. Afr. J. Biotechnol., 5(9): 693-696.

3. Picard-Meyer, E., Barrat, J. and Cliquet, F. (2007) Use 
of filter paper (FTA) technology for sampling, recovery 
and molecular characterization of rabies viruses. J. Virol. 
Methods, 140(1-2): 174-182.

4. Zou, Y., Mason, M.G., Wang, Y., Wee, E., Turni, C., 
Blackall, P.J., Trau, M. and Botella, J.R. (2017) Nucleic acid 
purification from plants, animals and microbes in under 30 
seconds. PLoS Biol., 15(11): e2003916.

5. Owor, B.E., Shepherd, D.N., Taylor, N.J., Edema, R., 
Monjane, A.L., Thomson, J.A., Martin, D.P. and Varsan, A. 



Veterinary World, EISSN: 2231-0916 2250

Available at www.veterinaryworld.org/Vol.13/October-2020/29.pdf

(2007) Successful application of FTA® classic card technol-
ogy and use of bacteriophage [phi] 29 DNA polymerase for 
large-scale field sampling and cloning of complete maize 
streak virus genomes. J. Virol. Methods, 140(1-2): 100-105.

6. Kraus, R.H., van Hooft, P., Waldenström, J., Latorre-
Margalef, N., Ydenberg, R.C. and Prins, H.H. (2011) Avian 
influenza surveillance with FTA Cards. Field methods, 
biosafety, and transportation issues solved. J. Visual Exp., 
54(e2832): 2832.

7. Wipf, N.C., Guidi, V., Tonolla, M., Ruinelli, M., Pie Müller, P. 
and Engler, O. (2019) Evaluation of honey-baited FTA cards 
in combination with different mosquito traps in an area of 
low arbovirus prevalence. Parasit. Vectors, 12(1): 554.

8. Corradini, B., Alù, M., Magnanini, E., Galinier, M.E. and 
Silingardi, E. (2019) The importance of forensic storage 
support: DNA quality from 11-year-old saliva on FTA 
cards. Int. J. Legal Med., 133(6): 1743-1750.

9. Gupta, A., Patel, S.S., Langute, S.M., Kolkar, M.R., 
Hemamalini, H.P., Shinde, S.K., Choudhar, P.J. and 
Shinde, B. (2017) Bacterial diseases of livestock animals 
and their impact on human health. Innovare J. Sci., 5(1): 
8-11.

10. Aires-de-Sousa, M., Parente, C.E.S., Vieira-da-Motta, O., 
Bonna, I.C.F., Silva, D.A. and de Lencastre, H. (2007) 
Characterization of Staphylococcus aureus isolates from 
buffalo, bovine, ovine, and caprine milk samples collected 
in Rio de Janeiro state, Brazil. Appl. Environ. Microbiol., 
73(12): 3845-3849.

11. Ramaswamy, V., Cresence, V.M., Rejitha, J.S., 
Lekshmi, M.U., Dharsana, K.S., Prasad, S.P. and 
Vijila, H.M. (2007) Listeria-review of epidemiology and 
pathogenesis. J. Microbiol. Immunol. Infect., 40(1): 4-13.

12. McClure, M.C., McKay, S.D., Schnabel, R.D. and 
Taylor, J.F. (2009) Assessment of DNA extracted from 
FTA® cards for use on the Illumina iSelect BeadChip. BMC 
Res. Notes, 2: 107.

13. Pulido-Landinez, M., Laviniki, V., Sanchez-Ingunza, R. and 
Guard, J. (2012) Uso dos cartões FTA para transporte de 
amostras de DNA de Salmonella spp. Isoladas de produ-
tosavícolas do sul do Brasil. Acta Sci. Vet., 40(4): 1-7.

14. Sierra-Arguello, Y.M., Faulkner, O., Tellez, G., Hargis, B.M. 
and Pinheiro do Nascimento, V. (2016) The use of FTA 
cards for transport and detection of gyrA mutation of 
Campylobacter jejuni from poultry. Poult. Sci., 95(4): 
798-801.

15. Osman, K.M., Samir, A., Orabi, A. and Zolnikov, T.R. 
(2014) Confirmed low prevalence of Listeria mastitis in 
she-camel milk delivers safe, alternative milk for human 
consumption. Acta Trop., 130(1): 1-6.

16. Hussein, A.H., Ghanem, I.A., Eid, A.A., Ali, M.A., 
Sherwood, J.S., Li, G., Nolan, L.K. and Logue, C.M. (2013). 
Molecular and phenotypic characterization of Escherichia 
coli isolated from broiler chicken flocks in Egypt. Avian 
Dis., 57(3): 602-611.

17. Nagarjuna, D., Mittal, G., Dhanda, R.S., Verma, P.K., 
Gaind, R. and Yadav, M. (2015) Faecal Escherichia coli 
isolates show potential to cause endogenous infection in 
patients admitted to the ICU in a tertiary care hospital. New 
Microbes New Infect., 7: 57-66.

18. Banerjee, S., Batabyal, K., Joardar, S.N., Isore, D.P., 
Dey, S., Samanta, I., Samanta, T.K. and Murmu, S. (2017) 
Detection and characterization of pathogenic Pseudomonas 
aeruginosa from bovine subclinical mastitis in West Bengal, 
India. Vet. World, 10(7): 738-742.

19. Almeida, C.N., Furian, T.Q., Borges, K.A., Perdoncini,  G., 
Mauel, M.J., Rocha, S.L.S., Nascimento, V.P., Salle, C.T.P. 
and Moraes, H.L.S. (2018) Assessment of FTA card 
employment for Pasteurella multocida DNA transport and 
detection of virulence-associated genes in strains isolated 
from fowl cholera in the United States. Arq. Bras. Med. Vet. 
Zootec., 70(6): 1855-1861.

20. Cortes, A.L., Montiel, E.R. and Gimeno, I.M. (2009) 

Validation of Marek’s disease diagnosis and monitoring of 
Marek’s disease vaccines from samples collected in FTA 
cards. Avian Dis., 53(4): 510-516.

21. Rahikainen, A.L., Palo, J.U., de Leeuw, W., Budowle, B. 
and Sajantila, A. (2016) DNA quality and quantity from up 
to 16 years old post-mortem blood stored on FTA cards. 
Forensic Sci. Int., 261: 148-153.

22. Bankamp, B., Sein, C., Simbu, E.P., Anderson, R., 
Abernathy, E., Chen, M.H., Tamfum, M.J.J., 
Wannemuehler, K.A., Waku-Kouomou, D., Lopareva, E.N., 
Joseph, P.I., Rota, P.A. and Goodson, J.L. (2019) Use of 
FTA cards to transport throat swabs and oral fluid samples 
for molecular detection and genotyping of measles and 
rubella viruses. J. Clin. Microbiol., 57(5): e00048-19.

23. Serra, O., Frazzi, R., Perotti, A., Barusi, L. and Buschini, A. 
(2018) Reports: Use of FTA® classic cards for epigenetic 
analysis of sperm DNA. BioTechniques, 64(2): 45-51.

24. Quinn, P.J., Carter, M.E., Markey, B.K. and Carter, G.R. 
(1994) Clinical Veterinary Microbiology. 5th ed. Elsevier, 
Philadelphia, PA. p118-126.

25. Health Protection Agency. (2005) Guidelines for Assessing 
the Microbiological Safety of Ready-to-Eat Foods Placed 
on the https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/363146/
Guidelines_for_assessing_the_microbiological_safety_
of_ready-to-eat_foods_on_the_market.pdf Retrieved on 
16-10-2020. 

26. Whatman. (2013) FTA TM Nucleic Acid Collection, Storage 
and Purification. Available from: https://www.parliament.
vic.gov.au/images/stories/committees/lawrefrom/foren-
sics/submissions/Forensics-Whatman_2.pdf. Retrieved on 
16-10-2020.

27. Kumar, A., Grover, S. and Batish, V.K. (2015) Exploring 
specific primers targeted against different genes for a mul-
tiplex PCR for detection of Listeria monocytogenes. 3 
Biotech, 5(3): 261-269.

28. OIE. (2012) Haemorrhagic septicemia. In: Terrestrial 
Manual 2012. OIE, Paris, France.

29. Spilker, T., Coenye, T., Vandamme, P. and LiPuma, J.J. 
(2004) PCR-based assay for differentiation of Pseudomonas 
aeruginosa from other Pseudomonas species recovered 
from Cystic Fibrosis patients. J. Clin. Microbiol., 42(5): 
2074-2079.

30. Hu, Q., Tu, J., Han, X., Zhu, Y., Ding, C. and Yu, S. (2011) 
Development of multiplex PCR assay for rapid detection of 
Riemerella anatipestifer, Escherichia coli, and Salmonella 
enterica simultaneously from ducks. J. Microbiol. Methods, 
87(1): 64-69.

31. Mason, W.J., Bvins, J.S., Beenken, K., Wibowo, N., Ojha, N. 
and Smeltzer, M.S. (2001) Multiplex PCR protocol for the 
diagnosis of staphylococcal infection. J. Clin. Microbiol., 
39(9): 3332-3338.

32. Ilhan, Z. (2013). Detection of Corynebacterium pseudotu-
berculosis from sheep lymph nodes by PCR. Revue Méd. 
Vét., 164(2): 60-66.

33. Wannet, W.J., Reessink, M., Brunings, H.A. and Maa, H.M. 
(2001) Detection of pathogenic Yersinia enterocolitica by a 
rapid and sensitive duplex PCR assay. J. Clin. Microbiol., 
39(12): 4483-4486.

34. Sambrook, J., Fritscgh, E.F. and Mentiates, N. (1989) 
Molecular Coloning. A Laboratory Manual. Vol. 1. Cold 
Spring Harbor Laboratory Press, New York.

35. Peluso, A.L., Cascone, A.M., Lucchese, L., Cozzolino, I., 
Ieni, A., Mignogna, C., Pepe, S. and Zeppa, P. (2015) Use 
of FTA cards for the storage of breast carcinoma nucleic 
acid on fine-needle aspiration samples. Cancer Cytopathol., 
123(10): 582-592.

36. Barth, H., Morel, A., Mougin, C., Averous, G., Legrain, M., 
Fender, M., Risch, S., Fafi-Kremer, S., Velten, M., Oudet, P., 
Baldauf, J.J. and Stoll-Keller, F. (2016) Long-term storage 
and safe retrieval of human papillomavirus DNA using FTA 
elute cards. J. Virol. Methods, 229: 60-65.



Veterinary World, EISSN: 2231-0916 2251

Available at www.veterinaryworld.org/Vol.13/October-2020/29.pdf

37. Green, H., Tillmar, A., Pettersson, G. and Monteliu, K. 
(2019) The use of FTA cards to acquire DNA profiles from 
postmortem cases. Int. J. Legal Med., 133(6):1651-1657.

38. WHO. (2019) The FTA sampling method for collecting, 
storing brain material and identification of lyssaviruses. In: 
Rupprecht, C.E., Fooks, A.R. and Abela-Ridder, B., editors. 
Laboratory Techniques in Rabies. 5th ed., Vol. 2. WHO, 
Geneva.

39. Bi, Y., Wang, Y.J., Qin, Y., Guix Vallverdú, R., Maldonado-
García, J., Sun, W., Li, S. and Cao, Z. (2016) Prevalence of 
bovine mastitis pathogens in bulk tank milk in China. PLoS 
One, 11(5): e0155621.

40. Cabeen, M.T. and Jacobs-Wagner, C. (2005) Bacterial cell 
shape. Nat. Rev. Microbiol., 3(8): 601-610.

41. Schäffer, C. and Messner, P. (2005) The structure of second-
ary cell wall polymers: How Gram-positive Bacteria stick 
their cell walls together. Microbiology, 151(3): 643-651.

42. Mundorff, A.Z., Amory, S., Huel, R., Bilic, R., Scott, A.L. 
and Parsons, T.J. (2018) An economical and efficient 
method for postmortem DNA sampling in mass fatalities. 
For. Sci. Int. Genet., 36: 167-175.

43. Tongeren, S.P., Krooneman, J., Raangs, G.C., Welling, G.W. 
and Harmsen, H.J.M. (2007) Microbial detection and mon-
itoring in advanced life support systems like the interna-
tional space station. Microgravity Sci. Technol., 19: 45-48.

44. Jóźwiak, M., Wyrostek, K., Domańska-Blicharz, K., 
Olszewska-Tomczyk, M. and Krzysztof Minta, S.Z. (2016) 
Application of FTA® Cards for detection and storage of 
avian influenza virus. J. Vet. Res., 60(1-6): 1-6.

45. Whatman. (2009) Whatman FTA for total RNA. Available 
from: https://www.qiagen.com/us/resources/resourcedetai
l?id=0e181907-da7d-4815-b285-f7ed678a495c&lang=en. 
Retrieved on 16-10-2020.

46. Rabodoarivelo, M.S., Imperiale, B., Vomikotroka, R.A., 
Brandao, A., Kumar, P., Singh, S., Ferrazoli, L., 
Rasolofo, N.M. Palomino, J.C., Vandamme P. and Martin, A. 
(2015) Performance of four transport and storage systems 
for molecular detection of multidrug-resistant Tuberculosis. 
PLoS One, 10(10): e0139382.

47. Stachler, M., Jia, Y., Sharaf, N., Wade, J., Longtine, J., 
Garcia, E. and Sholl, L.M. (2015) Filter paper-based nucleic 
acid storage in high-throughput solid tumor genotyping. 
Appl. Immunohistochem. Mol. Morphol., 23(5): 389-396.

48. da Cunha Santos, G. (2018) FTA cards for preservation of 
nucleic acids for molecular assays a review on the use of 
cytologic/tissue samples. Arch. Pathol. Lab. Med., 142(4): 
308-312.

49. Chandrashekara, K.N., Prasannakumar, M.K., Deepa, M. 
and Vani, A. (2012) Rapid sensitive and reliable method for 
detecting Ralstonia solanacearum using FTA (WHATMAN) 
cards. J. Plant Pathol., 94(1): 219-221.

50. Sarangi, L.N., Thodangalaa, N., Ranab, S.K., Naga, K.S., 
Surendraa, L., Venkata, R., Reddya, C., Putlaa, B., 
Muthappaa, P.N., Sharmab, G.K. and Srinivasana, V.A. 
(2018) Evaluation of a specialized filter-paper matrix for 
transportation of extended bovine semen to screen for 
bovine herpesvirus-1 by real-time PCR. J. Virol. Methods, 
257: 1-6.

********


