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Abstract 

Introduction: “Peste des petits ruminants” virus (PPRV) poses a significant threat to livestock 

in Africa, where hot climates and limited cold chain infrastructure can hamper sample 

collection and transportation for diagnosis. This study evaluated the potential of Whatman 

Grade 3MM CHR chromatography paper as a tool for preserving PPRV nucleic acid at 

various temperatures. 

Methods: PPR vaccine was serially diluted and spotted onto Whatman paper pieces. The 

paper samples were then stored at -20°C, +4°C, +24°C, +37°C, and +45°C for 31 days. RNA 

extraction and RT-PCR were performed to assess PPRV nucleic acid preservation. 

Results: We found that Whatman paper effectively preserved undiluted (100) PPRV nucleic 

acid even at +45°C for the entire incubation period. However, for the 10-1 dilution, successful 

preservation was observed only at -20°C and +4°C. Under +24°C, +37°C, and +45°C, the 10-1 

dilution remained stable for only the initial three days. 

Conclusion: Whatman paper demonstrated promise as a method for transporting PPRV 

samples, particularly in resource-limited regions with high ambient temperatures. The paper 

can effectively preserve PPRV nucleic acid. Further research is needed to quantify the PPRV 

storage capacity of Whatman paper, allowing for optimization of sample volumes for 

transport and preservation purposes. 
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Introduction 

      “Peste des petits ruminants” (PPR) is a viral disease that 

primarily affects goats, sheep, camels and certain wild 

relatives of domesticated small ruminants. It is caused by a 

Morbillivirus closely related to the rinderpest virus. PPR was 

first reported in 1942 in Côte d’Ivoire (1). 

     The disease causes widespread illness and death in small 

ruminant populations, especially in regions of Africa, the 

Middle East, and Asia where these animals are crucial for 

people's well-being. Sick animals exhibit high fever, 

depression, eye and nose discharges. Animals are unable to 

eat because their mouths become covered in painful erosive 

lesions, and they suffer from severe pneumonia and 

diarrhea. Death is a common outcome (2). PPR is classified 

into three pathogenic forms: per-acute, acute, and sub-acute.    

     However, the acute form is the most common, 

accounting for 80-90% mortality in individual flocks. When 

the host is infected with Peste des petits ruminants virus 

(PPRV), general viraemia develops within 4-6 days, 

followed by high fever (40-41°C), marked salivation, 

shallow erosions in the oral mucosa, serous to purulent 

oculo-nasal discharge, dyspnea, coughing, pneumonia, and 

diarrhea. In the later stages, a sub-normal temperature of 37-

38°C, combined with dehydration from diarrhea, can result 

in hypovolemic shock and the death of the affected animals 

(3).  

     PPR is diagnosed in the field primarily based on clinical 

signs, symptoms, and postmortem findings. Laboratory 
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techniques are used to confirm the PPR diagnosis. Swabs 

from nasal secretions, mouth and rectal lining, conjunctival 

sac, clotted blood, and whole blood are usually collected  

from sick animals (with EDTA anticoagulant). Tonsils, 

tongues, spleens, lymph nodes, and affected areas of the 

alimentary tract mucosa may be collected post-mortem. 

Clinically PPR should be differentiated from other diseases 

such as foot and mouth disease, contagious caprine 

pleuropneumonia, bluetongue, sheep and goat pox, and 

contagious ecthyma, which have similar symptoms (4). As a 

result, laboratory techniques provide an accurate and 

definitive diagnosis. PPR in clinical and pathological 

specimens can be diagnosed using a variety of techniques. 

These techniques are divided into two categories based on 

the type of substance detected and quantified: viral antigen 

and genome (whole virus, viral protein, or genome), and 

specific antibodies in serum (5). Filter paper has been used 

more widely as a method for sample collection in field 

specimens (6).  

     Filter papers have been shown to be suitable for the long-

term preservation of either DNA or RNA viruses (up to 4-11 

years) at moderate or tropical temperatures (7,8). The virus 

genome can be detected after genomic material extraction (9) 

or directly by RT-PCR without extraction (10-12).  

     Following the OIE's rinderpest eradication celebrations in 

May 2011 and the FAO’s in June 2011, attention abruptly 

shifted to other transboundary animal diseases. The OIE and 

FAO have identified PPR as one of the most economically 

important animal diseases, with a significant impact on 

production and, given its many similarities to cattle 

rinderpest, have identified it as a strong candidate for 

eradication  (13).   

     Pathology specimens are potentially infectious and 

hazardous according to WHO, transportation and storage of 

samples are critical factors in the surveillance of neglected 

tropical diseases scheduled for elimination and, potentially, 

veterinary pathogens (14). Practitioners must ensure that 

samples sent for testing are maintained in the best possible 

condition so as not to bias the results after serological 

analysis in veterinary diagnostic laboratories (15). To this 

end, specimens can be transported in the air tube chute 

system or in metal transport boxes and IATA recommends 

standard approaches in the transportation of biological 

samples that consist of designing a three-layer barrier to 

protect the sample (16). When transporting specimens in the 

air tube chute system or in metal transport boxes, caution 

must be taken to minimize the risks to the staff (17). 

According to IATA, the sample should be placed in an 

appropriate primary container (a sealed jar, bag, or tube). 

This is then enclosed in a secondary container, which 

includes an adsorbent material. The secondary container is 

then placed in the shipping box (tertiary container), which 

often contains coolant packets as well as various cushioning 

materials (e.g., polystyrene) to protect the specimen. The 

coolant materials should be sealed in plastic bags to prevent 

damage from condensation (16). All of this requires more 

professionalism and comes at an exonerated cost, hence 

utilizing a whatman paper could potentially alleviate these 

issues.  

     Although a Whatman 3MM paper is not specifically 

designed for nucleic acid preservation, it is a logistically 

simple method of collecting and preserving specimens for 

further molecular studies. Adopting a non-invasive approach 

to sample collection in conjunction with a paper matrix 

would allow for early and frequent testing while also 

providing a cost-effective source of samples to monitor 

PPRV infections in ruminants. However, the technology 

should be improved to allow for the isolation of live PPRV 

field viruses from the same 3MM filter paper, which, unlike 

the FTA card, retains the virus's viability (18).  

     As the conservation and transportation of samples is an 

important factor affecting the quality of analysis results, the 

present study evaluated the ability of Whatman paper grade 

3MM to preserve the nucleic acid of Peste des petits 

ruminants virus at different temperatures while conserving 

or transporting PPR sample for laboratory tests.    
  

Methods 
 
     The study was conducted at the African Union Pan 

African Veterinary Vaccine Centre (AU-PANVAC) in 

Ethiopia, an institute dedicated to the certification of all 

vaccines produced in Africa and the production of biological 

reagents for African Union member states. AU-PANVAC is 

in Debrezit in the Eastern Shewa region of Oromia, 47.9 km 

from Addis Ababa (Capital of Ethiopia) (19).                

Whatman paper preparation 

  In the present study, we evaluated the capacity of 

Whatman paper to retain the nucleic acid of PPRV at 

different temperatures. For this purpose, the vaccine was 

used and diluted 10-fold in a bijou bottle by adding 0.5 mL 

of the vaccine in 4.5 mL of PBS (AU-PANVAC, Debrezit, 

Ethiopia) up to 10-4 dilution (20). Each dilution was 

subdivided in 7 tubes of 1.5 mL at a rate of 600 µL per tube.  

     Then, the Whatman paper was divided into small pieces 

of 5 cm by 5 cm and 50 µL of each dilution was added in 

each subdivision.  The Whatman paper was then left to dry at 

room temperature for 30min in biosafety cabinet level 2. 

After drying at room temperature, each batch of Whatman 

paper was sealed in a zipper bag and incubated at different 

temperatures: +45°C, +37°C, +24°C, +4°C and -20°C 

respectively as shown in Figure 1. Incubation lasted 

successively 31 days, 24 days, 17 days, 10 days, and 3 days.  

Polymerase chain reaction
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     At the end of the incubation period, all Whatman papers   

were collected and stored at -20°C before proceeding to 

nucleic acid extraction by batch. 

A sample of Whatman paper was placed into an 

Eppendorf tube, followed by the addition of 500 µL of 

RNase-free water. After vortexing, the tube was left in a 

Biosafety Cabinet (BSC) level 2 for one hour. Then, the 

solution was vortexed once more, and 140 µL was collected 

for RNA extraction using the QIAamp® Viral kit. (21). 

During the extraction, the sample was first lysed with 560 

µL of AVL buffer containing the carrier RNA in the 1.5 mL 

microcentrifuge tube, then fixed with ethanol (97%) 560µl in 

each tube. The resultant was washed with 500 µL of the 

wash buffer and AW2, and finally eluted with 60 µL of AVE 

buffer (21). 

Five (05) µL of the eluate was then used to proceed to 

reverse transcript PCR using the Qiagen One Step PCR kit 

according to the manufacturer's instructions (22). Primers 

NP3 and NP4 for detection of Morbillivirus RNA were used 

to amplify a conserved 351 bp region of the N gene (See 

Table 1). Then, the tubes were properly closed, labeled, and 

placed in the thermal cycler for RNA amplification according 

to the program.   

     At the end of the program run, 5 µL of the amplified 

sample was mixed with 2 µL of loading buffer on paraffin 

paper before being transferred to the gel wells containing 1% 

agarose and 3% red gel. The migration was done for 1h with 

an intensity of 100 A (21). 
 

Data analysis  
    The results were displayed in tabular form within an Excel 

spreadsheet.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

The t-test of Stata software was used to analyze the variation 

in RNA titer readings and subsequently the mean was 

compared to the OIE titer standard.  

Additionally, Excel software was employed to assess the 

temperature fluctuations during the incubation period. 

 

Results 
 

     The different dilutions inoculated on the Whatman paper 

were incubated at various temperatures as shown in figure 1. 

After 3 to 31 days of incubation, the samples of Whatman 

paper were collected and stored at -20°C. They were then 

subjected to RNA purification followed by RT-PCR 

amplification. The amplified RNA was then detected by 

electrophoresis on 1% agarose gel containing Gel-red and 

observed under UV.  

Serial dilutions were performed. Only the undiluted 

sample showed well-preserved RNA after 31 days storage. 

This was confirmed by the successful detection of PPR viral 

RNA (Tables 2 and 3). Figure 2 further demonstrates 

efficient amplification of the NP gene fragment from PPR 

virus isolates stored on Whatman paper at different 

temperatures: a) -20°C, b) +4°C, c) +24°C, d) +37°C, and e) 

+45°C. Amplification was performed using NP3/NP4 

primers and visualized by electrophoresis on a 1% agarose 

gel. 

The sample of dilution 0.1 with titer 101.46 TCID50/ml shows 

also well-preserved RNA after 31 day’s storage when 

incubate at -20°C and +4°C (Table 2) while at +24°C, +37°C 

and +45°C the RNA is only present during the first three 

days (Table 3). 

Figure 1: Chart of temperature conditions 
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Table 1 Primer sequences of N-gene sequence of PPRV used for RT-PCR as described by Couacy-Hymann et al. (22)    

 

Primer ID Purpose Target Location Sequence (5’-3’) 

NP3  Forward NP gene 1232-1255 TCT CGG AAA TCG CCT CAC AGA CTG 

NP4  Reverse NP gene 1585-1560 CCT CCT CCT GGT CCT CCA GAA TCT 

 

 

 

 

 

Table 2: Thermo-stability of PPR Virus RNA at -20°C and +4°C by RT-PCR 

 

TCID50 = Median Tissue Culture Infectious Dose 

 

 

 

 

Table 3: Thermo-stability of PPR Virus RNA at +24°C, +37°C and +45°C by RT-PCR 

 

TCID50 = Median Tissue Culture Infectious Dose 

 

 

Vaccine 

dilutions 
TCID50 

Duration of incubation 

Day 3 Day 10 Day 17 Day 24 Day 31 

1 102.46 TCID50/ml + + + + + 

0.1 101.46 TCID50/ml + + + + + 

0.01 100.46 TCID50/ml - - - - - 

0.001 10-1.46 TCID50/ml - - - - - 

Vaccine 

dilutions 
TCID50 

Duration of incubation 

Day 3 Day 10 Day 17 Day 24 Day 31 

1 102.46 TCID50/ml + + + + + 

0.1 101.46 TCID50/ml + - - - - 

0.01 100.46 TCID50/ml - - - - - 

0.001 10-1.46 TCID50/ml - - - - - 
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Discussion 
 
      This study focused on evaluating the potential of 

Whatman paper Grade 3MM CHR as a tool for preserving 

PPRV nucleic acid at various temperatures.  

     To get the PPR virus nucleic acid, we used the PPR 

vaccine. Similar experiments by other scientists 

demonstrated that whole blood (8) is the most convenient 

sample to collect on filter paper. However, many reference 

tests have used other types of samples (e.g., serum or 

plasma) (24), and some diseases are best diagnosed using 

other types of samples (7). 

     PCR analysis revealed that Whatman paper effectively 

preserved PPR virus nucleic acid at a 100 dilution throughout 

the incubation period. However, at a dilution 0.1, 

preservation was only successful at -20°C and +4°C for the 

entire experiment. At higher temperatures (+24°C, +37°C, 

and +45°C), the nucleic acid remained detectable only for the 

first three days (Figure 2). At even lower dilutions (0.01 and 

0.001), RT-PCR amplification and agarose gel 

Figure 2: Specific PCR amplification of the NP gene fragment of different PPRV isolates from Whatman paper stored at a) -

20°C, b)+4°C, c) +24°C d)+37°C, e)+45°C with primers NP3/NP4. The amplified products are analyzed by electrophoresis 

on 1% agarose gel stained with loading buffer and read under UV. 
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electrophoresis failed to detect any viral nucleic acid. This is 

likely due to the low concentration of infectious virus present 

in the Whatman paper at these dilutions (Table S1). Similar 

studies confirm this result. As example, in 2003, Bossuyt and 

collaborators demonstrated that hepatitis virus showed a 10-

fold drop in viral load after storage for 4 weeks on Whatman 

paper at room temperature (25). Also, according to Yuguda 

and collaborators, the PPR vaccine maintained the viability 

at room temperature for a sizable amount of time after being 

reconstituted in PBS. After more than 8 hours, the 

reconstituted vaccine's titer of 103.1 TCID50 remained stable, 

but it began to decline after 15 hours at room temperature 

(26). In addition, according to a study performed by Kailash 

et al., in the framework of the human papillomavirus (HPV) 

study, the quality and quantity of DNA derived from paper 

smears and the results of PCR amplifications for HPV type 

16, BRCA1, and p53 genes from cervical smear samples, 

impression biopsies, blood and fine needle aspirations are 

stable in paper smears for up to one year stored at -70°C 

(12). This method is simple, rapid, and economical, and can 

be used effectively for large-scale population screening, 

especially in areas where samples must be transported from 

remote locations to the laboratory.   
  

Conclusion 

     This research highlights the potential of Whatman paper 

Grade 3MM CHR as a tool for preserving PPRV nucleic 

acid, particularly at higher dilutions and lower temperatures. 

The study demonstrated that at a dilution of 1 (100-fold), 

Whatman paper effectively maintained viral nucleic acid 

integrity throughout the experimental period. However, at 

lower dilutions (0.1, 0.01, and 0.001), successful 

preservation was limited to colder temperatures (-20°C and 

+4°C) for dilution 0.1 only, with diminishing stability 

observed at higher temperatures. These findings underscore 

the importance of appropriate storage conditions and the 

sensitivity of preservation methods to dilution levels and 

environmental factors. Additionally, the study contributes to 

the body of knowledge regarding the stability of viral nucleic 

acids on filter paper substrates, offering insights valuable for 

disease surveillance, diagnostics, and vaccine storage 

strategies. Moving forward, further investigations into 

optimization strategies for preserving viral nucleic acids on 

Whatman paper, as well as exploration of alternative storage 

methods, could enhance the utility and applicability of this 

preservation approach in various healthcare and research 

settings. 
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Supplementary data 
 
 

The amount of virus infectivity per ml present in the sample used (vaccine) decrease from dilution 1 to dilution 0.001. In 50 

µL of the solution inoculate during the experience, the amount of virus infectivity is relatively equal to 0 TCID50/50 µL 

(Table S1). 

      

 

Table S1: Virus infectivity on the 50 µL of each dilution 

 

Vaccine dilutions TCID50 Virus infectivity 

1 102.46 TCID50/mL 14.420 TCID50/50 µL 

0.1 101.46 TCID50/mL 1.442 TCID50/50 µL 

0.01 100.46 TCID50/mL 0.144 TCID50/50 µL 

0.001 10-1.46 TCID50/mL 0.001 TCID50/50 µL 

 


