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 Foot and Mouth Disease (FMD) control is a national and regional responsibility. FMD 

outbreaks were detected in three farms in Port-Said Governorate in 2020, although animals 

in these farms were vaccinated with the local polyvalent inactivated vaccine. Samples from 

tongue epithelium and vesicular fluid were collected from these farms, where FMDV 

isolation was performed on BHK-21 cell culture. Viral RNA was extracted from the virus 

isolates, and vaccine strains were then screened for FMDV using conventional Reverse 

transcriptase polymerase chain reaction. The substitution rates and phylogenetic 

relationship between the field isolate and the vaccine strains were determined using DNA 

sequence and bioinformatics analyses. The results illustrate that the sequence analysis for 

the 1D region of FMDV field isolate was serotype A-Africa topotype, Genotype IV, and 

closely related to isolated A-Africa topotype Genotype IV by Animal Health Research 

Institute, 2020 with nucleotide similarity ranging from 97.1% to 99.74%, and revealing 

genetic variation of 5.63-7.88% from previously Egyptian isolated A-Africa topotype, 

Genotype IV in 2016 and 2018. High genetic variations were determined from the locally 

used vaccine strain serotype A of the Asia topotype, lineage Iran-05, in the major antigenic 

sites of the VP1 region with a nucleotide difference of 26.34%. Depending on these findings, 

the Veterinary Serum and Vaccine Research Institute produced an emergency inactivated 

monovalent vaccine using the newly isolated strain, and we recommended adding it to the 

subsequent prepared vaccine batches.  
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Introduction 
 

Foot and mouth disease (FMD) is the most contagious 

disease in cloven-hoofed animals, It is caused by the FMD 

virus belonging to the Aphthovirus genus, Picornaviridae 

family and it is classified into seven serotypes: O, A, C, 

SAT 1, SAT 2, SAT 3, and Asia 1. There is no cross-

protection between FMDV serotypes and partial or no 

protection between subtypes of the same serotype. Animals 

infected with FMDV were characterized by fever and a 

vesicular eruption in the oral cavity, between coronary 

bands of the feet and on the mammary glands (1,2). 

Moreover, Deaths in young animals may occur because of 

myocarditis (tiger heart) (3). Since 1958, Egypt has been 

regarded as one of the African countries endemic to the 

FMD virus (4). In 2018, a severe FMD outbreak was 

reported by farmers and veterinarians’ complaints about 

severe losses in water buffalo and young animals, Heavy 

studies were performed for virus isolation, and genetic 

characterization revealed that newly circulating FMDV 

relates to serotype SAT-2 topotype VII, lineage lib-12 and 

confirmed a sequence variance from the vaccine strain (5-

8). An emergency inactivated monovalent vaccine was 

manufactured by Veterinary Serum and Vaccine Research 

Institute and the Middle East for Veterinary vaccines (ME-

VAC) and evaluated by the Central Laboratory for 
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Evaluation of Veterinary Biologics (CLEVB) using 

serotyping ELISA and 146S antigenic content (9,10). Foot 

and Mouth Disease Virus is a small, single-stranded 

positive-sense RNA virus, without an envelope, surrounded 

by icosahedral capsid formed of 60 copies (VP1 (1D), VP2 

(1B), VP3 (1C), and VP4 (1A) structural proteins (11,12). 

Foot and Mouth Disease Virus genome is prone to 

replication errors, resulting in genetic diversity between 

FMDV serotypes (13,14). Capsid protein 1D possesses 

three important immunogenic sites able to stimulate cellular 

and humoral immune responses (15,16). The source of 

FMDV can be determined by using the sequence of the G-

H loop region on VP1, which acts as a fingerprint (17). 

Multiple alignments of 1D nucleotide sequences used in 

phylogenetic analyses aid in determining the difference, 

genetic relationship, and geographical distribution between 

different serotypes of FMDV (18, 19). Serotype-specific 

amino acids are also found in VP1, helping differentiate 

serotypes, topotypes, and lineages (20,21).  

This study was directed for isolation, genetic 

characterization of FMDV strain causing an outbreak in 

vaccinated animals with the local inactivated polyvalent 

FMD vaccine, and studying the substitution rates and 

phylogenetic relationship between the field isolate and the 

vaccine strains.  

 

Materials and methods 

 

Samples collection  

Twenty tongue epithelium and vesicular fluid samples 

were collected from local cattle and buffalo breeds 

suspected to be infected with the FMD virus on three farms 

(farm-1, farm-2, and farm-3) (Table 1). In Port-Said 

Government, through the FMD outbreak in 2020, they had 

a vaccination history using the locally produced inactivated 

polyvalent FMD vaccine (O pan-Asia-2, A Iran 05, SAT2/ 

Ghb/2012, and SAT2/Lib/2018). Epithelial tissue was 

collected from recently ruptured or unruptured vesicles 

placed in a transport medium (Glycerol/buffer mixture pH 

7.2-7.6) with antibiotic-antimycotic. A sterile syringe 

collected the vesicular fluid from the unruptured vesicles. 

All collected samples were submitted in labeled sterile 

sample containers and transported to the laboratory on ice 

packs, then kept at -80ºC until used.  

 

Table 1: Data from collected samples 

 

Farm 

Cattle Buffalo 

Tongue 

Epithelium 

Vesicular 

Fluid 

Tongue 

Epithelium 

Vesicular 

Fluid 

1 6 1 2 1 

2 4 1 1 - 

3 2 - 2 - 

Total 12 2 5 1 

FMD vaccine strains 

Virus serotypes O, A, and two subtypes of SAT2 of 

FMDV (O pan-Asia-2, A Iran 05, SAT2/ Ghb/2012, and 

SAT2/Lib/2018) were obtained by the Department of FMD 

Research; Veterinary Serum and Vaccine Research Institute 

and used as positive controls for molecular characterization 

of the obtained virus isolate. 

 

Baby hamster kidney cell line (BHK-21) 
 BHK-21 was supplied from Institute for Animal Health, 

Pirbright, UK. It was propagated at FMD Department, 

Veterinary Serum and Vaccine Research Institute, Abbasia, 

Cairo, using minimum essential medium (MEM) with 8-

10% bovine serum described by Macpherson and Stoker. 

(22) Was used for virus isolation and titration  

 

Virus isolation and titration  

BHK-21 cell culture was used for FMDV isolation as 

previously described by OIE (1). Where the epithelium 

samples were weighed and homogenated with a tissue 

homogenizer. 10% tissue suspension was prepared in PBS 

with antibiotics, then clarified by centrifugation at 3000 

RPM for 15 minutes. The vesicular fluid samples were 

clarified after adding an antibiotic-antimycotic solution 

obtained from the Nile Pharmaceutical Company, Egypt. 

The clarified samples were inoculated in the BHK-21 flasks 

and incubated in a CO2 incubator at 37°C for 1hr to enable 

virus adsorption then added inoculation media and 

incubated at 37°C for 24-72hr.These flasks and non-

infected flasks were examined microscopically for 

developing a cytopathic effect (CPE). If no CPE was 

observed after three consecutive blind passages on the 

BHK-21 cell with three cycles of freezing and thawing 

between every passage, the specimen was considered 

FMDV negative. BHK-21 was used for virus titration and 

expressed as log10TCID50/ml as previously described by 

Reed and Muench (23). 

 

Viral RNA extraction 
 QIAamp® Viral RNA Kit (QIAGEN, Germany) was 

used for RNA extraction from FMDV samples per the 

manufacturer's instructions. To prepare a negative control, 

total RNA was extracted from uninfected BHK-21 cells.  

 

Identification of FMDV nucleic acid using Reverse 

Transcriptase-Polymerase Chain Reaction (RT-PCR) 
Foot and Mouth Disease Virus field isolates and vaccine 

strains were serotyped using the conventional one-step RT-

PCR According to the manufacturer's instructions 

(QIAGEN, Germany). Different combinations of primers 

were used for the RT-PCR assay. All primers were 

synthesized by Metabion, Germany (Table 2). 
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 Table 2: Oligonucleotide FMDV-specific primers used for typing by RT-PCR Technique 

 

Primer Orientation Sequence 5`-3` size bp Serotype  Location Ref 

Pan FMDV 
Reverse GCCTGGTCTTTCCAGGTCT 

328 Pan FMDV 1D (24) 
Forward CCAGTCCCCTTCTCAGATC 

P1 Reverse AGCTTGTACCAGGGTTTGGC 
402 FMDV O 1D (25) 

P2 Forward GCTGCCTACCTCCTTCAA 

P3 Reverse TACCAAATTACACACGGGAA 
866 FMDV A 1D (26) 

P4 Forward GACATGTCCTCCTGCATCTG 

P5 Reverse CCACATACTACTTTTGTGACCTGG 
715 FMDV SAT2 1D (27) 

P6 Forward ACAGCGGCCATGCACGACAG 

 

Sequence and molecular characterization  

QIAquick Gel Extraction Kit (Qiagen) was used to 

purify DNA bands per the manufacturer's instructions. The 

purified PCR products were sequenced using the ABI 

PRISM Big Dye Terminators v3.1Cycle Sequencing Kit 

(Applied Biosystems, Foster City, CA, USA). 

 

Phylogenetic Analysis  
The obtained sequences were analyzed using the Basic 

Local Alignment Search Tool (BLAST) to search for 

homologous outbreak nucleotide sequences in the 

GenBank. For the phylogenetic analysis, sequences were 

downloaded from GenBank, and multiple sequence 

alignments were generated using the default settings of 

Clustal W (28). The neighbor-joining tree constructed the 

phylogenetic trees using MEGA-11(29). 

 

Results 

 

Virus isolation and titration 

Seven samples out of 20 showed a specific FMD 

cytopathic effect in the BHK-21 cell line through three 

successive passages. Such CPE was characterized by cell 

rounding, swelling, clumping, and the detachment of the 

cell sheet within 24-72 hours post cell infection. At the same 

time, negative samples did not show any CPE after three 

consecutive blind passages on BHK-21 cells with three 

cycles of freezing and thawing between every passage. The 

infectivity titer for the isolated viruses ranged from 5-6 and 

7-8 for the vaccine strains expressed as log10TCID50/ml.  

 

FMDV serotyping using conventional RT-PCR 
 Reverse transcriptase-PCR was used for serotyping the 

seven FMDV isolates and for confirmatory check of 

vaccine strains. Extracted RNA from the seven isolated 

samples reacted positively on RT-PCR with a specific 

primer for FMDV serotype A. While four vaccine strains 

showed one positive band with specific primer FMDV 

serotype O, one positive band with specific primer FMDV 

serotype A, and two positive bands with specific primer 

SAT 2. 

 

 

Sequence and molecular characterization  

Three strong positive RT-PCR bands for FMDV field 

isolates were selected for the 1D (VP1) sequencing of one 

isolate from each farm. Moreover, confirmatory sequencing 

for FMDV vaccine strains was performed. The results were 

nearly identical for the three sequenced isolated viruses, so 

one representative sequence was submitted in GenBank 

accession number (OM681357). While four sequences for 

the vaccine strains were submitted in GenBank under 

accession numbers (OK642671, OM681356, OM681359, 

and OM681358) for FMDV serotype O, FMDV serotype A, 

FMDV serotype SAT2 (Ghb/2012), and FMDV serotype 

SAT2 (LIB/2018), respectively.  

 

 Phylogenetic analysis of FMDV serotype A 

The phylogenetic tree revealed that the recently isolated 

FMDV had been serotype A, Africa topotype, Genotype IV, 

and closely related to isolated FMDV by AHRI in 2020, and 

its variation between the isolated viruses in 2016 and 2018 

belong to the same Genotype. In contrast, the vaccine strain 

is serotype A. Asia topotype, lineage Iran 05 (Figure 1).  

 

 
 

Figure 1: Phylogenetic tree based on VP1 gene using the 

neighbor‑joining method for the isolated FMDV, vaccine 

strain serotype A (tagged by circular), and another 24 

sequences of FMDV serotype A downloaded from the 

GenBank database. 
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Phylogenetic analyses of FMDV serotype O 
The phylogenetic tree illustrated that the FMDV 

serotype O vaccine strain belongs to PanAsia-2 lineages, 

Middle East-South Asia topotype (ME-SA). FMDV Field 

Circulating strains in Egypt within serotype O relate to 

PanAsia-2 and Sharquia-72 lineages of ME-SA topotype 

and Qal-13, Ism-16, and Alex-17 lineages of East Africa 3 

(EA-3) topotype (Figure 2).  

 

 
 

Figure 2: Phylogenetic tree based on VP1 gene using the 

neighbor‑joining method for FMDV vaccine strain serotype 

O (tagged by circular) and another 37 sequences of FMDV 

serotype O downloaded from the GenBank database. 

 

Phylogenetic analysis of FMDV serotype SAT 2 

The phylogenetic tree illustrates that the vaccine strains 

for serotype SAT 2 include two lineages, Ghb-12 and Lib-

12, belonging to the same topotype VII. While circulating 

FMD viruses in Egypt relate to Ghb-12, Alx-12, and Lib-12 

lineages of topotype VII. All the Fourteen topotypes of SAT 

2 were represented in the phylogenetic tree (Figure 3). The 

amino acid composition of the isolated virus 

A/Africa/genotype IV and the vaccine strains revealed 

significant amino acid variation in the VP1 antigenic sites 

G-H loop (131–160) and at the carboxy-terminal end of the 

protein 195–202 (Figure 4 and Table 3).   

 

 

 

 
 

Figure 3: Phylogenetic tree based on VP1 gene using the 

neighbor‑joining method for FMDV vaccine strains 

serotype SAT 2 (tagged by circular) and additional 29 

sequences of FMDV serotype SAT 2 downloaded from the 

GenBank database.

 

 
 

Figure 4: Deduced amino acid sequence alignment of 1D of the new FMDV field isolate compared with reference 

vaccine strains that revealed significant amino acid variation in the VP1 antigenic sites G-H loop (131-160) and at 

the carboxy-terminal end of the protein (195-202).  
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Table 3: Amino acid variations in the major antigenic site of 1D between the recently circulating FMDV isolate and 

reference vaccine strains in Egypt 

 

isolated strains 

A/African/genotype-IV 

(OM681357) 

Vaccine strain 

sequenced by the 

authors (OM681356) 

Ref vaccine strain 

FMDV/A/ EGY 1/2012 

(KC440882.1) 

Ref vaccine strain 

FMDV/A/IRN/1/2005 

(EF208769.1) 

Residues 

position 
NO 

T V V V 133 1 

A S S S 134 2 

T S S S 137 3 

A A A T 138 4 

G T T T 139 5 

T G G G 140 6 

S G G N 141 7 

P S D G 142 8 

Q R R R 144 9 

A S S P 149 10 

T A A A 156 11 

S L S L 196 12 

G H Q Q 198 13 

Y H H H 201 14 

  

Discussion 
 

The sequencing data and phylogenetic analysis 

answered all our questions about how an outbreak occurred 

while the animals were vaccinated. The isolated FMD virus 

was genetically characterized as serotype A of the African 

topotype Genotype IV OM681357, while the sequenced 

vaccine strain OM681356 was genetically characterized as 

serotype A of the Asia topotype lineage Iran‑05. The 

isolated strain sharing sequence identity 73.07%, 76.02%, 

and 73.66% with reference vaccine strain for FMDV 

serotype A in 2005 EF208769.1, reference vaccine strain 

for FMDV serotype A in 2012 KC440882.1, and the 

vaccine strain sequenced in this study OM681356, 

respectively. The isolated virus and the vaccine strain are 

different topotypes and show more than 15% sequence 

variations. According to Samuel et al. (30), these findings 

illustrated that FMDV strains of the same genotype show 

less than 15% sequence variation. Depending on these 

findings, the Veterinary Serum and Vaccine Research 

Institute produced an emergency inactivated monovalent 

vaccine using the newly isolated virus A/Africa/ genotype 

IV. It incorporated it from this point forward in the vaccine 

strains for the subsequent batches of inactivated polyvalent 

FMD vaccine. This result agrees with the improper cross-

protection between A/ Asia/ topotype/ lineage Iran‑05 and 

A/Africa/genotype IV strains (31,32). 

The sequence of the isolated virus in this study is closely 

related to the isolated FMD viruses serotype A in 2020 by 

AHRI with high nucleotide similarity ranging from 97.1% 

to 99.74% accession numbers MW413346.1, 

MW413345.1, and MW413348.1, While show genetic 

variation range from 5.63% to 7.88% from previously 

Egyptian isolated A‑Africa topotype Genotype IV in 2016 

and 2018 accession numbers MG552843.1, KX446997.1, 

MT597127.1, and MT597126.1. The author's suggestion to 

nomenclature EGY/2020 and EGY/2016 as two separate 

sub-lineages or sub-genotypes from Genotype IV of Africa 

topotype as illustrated in the phylogenetic tree this outcome 

is in agreement with FMDV Strains that show less than 5% 

sequence variation considered to be closely related (30). 

The recently isolated virus sharing 93.61% sequence 

similarity with FMDV serotype A isolated from Sudan in 

2018 MK422591.1 and 93.18% with FMDV serotype A 

isolated from Ethiopia in 2015 MN987497.1 suggests the 

transboundary entrance. These results parallel the findings 

of Hassan et al. (33), who detected that FMDV serotype A-

Africa topotype-GIV circulated in Egypt in 2020. 

The sequenced vaccine strain serotype O- OK642671 

belongs to the Middle East-South Asia topotype (ME-SA), 

lineage Pan-Asia-2 and is closely related to 

O/EGY/2011|MT443078.1 and 

O/EGY/KFS/2009|JQ837834.1with nucleotide similarity 

99.84% and 97.47%, respectively. Pan-Asia-2 vaccine 

strain sharing 85.73% and 86.14% nucleotide sequence 

with O/EGY/Ismailia/2013|KJ210075.1, and 

O/EGY/2009|MN296506.1, respectively of lineage 

Sharqia-72, ME-SA topotype, While sharing 82.63%, 

82.28%, and 81.33% nucleotide sequence with 

O/Egy/BeniSuef/2015|MG552844.1, 

O/EGY/Cairo/2016|KX447130.1, and 

O/EGY/Sharkia/2017|MF322684.1, respectively of Qal-13, 

Isam-16, and Alex-17 lineages, respectively of East Africa 

3 (EA-3) topotype. As the result of these findings, the 

author's recommendations to incorporate EA-3 into vaccine 

strains these results in close agreement with the findings of 

AbuElnaga et al. (34), who concluded that any vaccine 

containing the Pan-Asia-2 virus support full or partial 
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protection against the Sharqia-72 virus or vice versa. At the 

same time, any vaccine containing the Pan-Asia-2 virus or 

a Sharqia-72 virus may support partial or no protection 

against EA-3 viruses. However, challenge protection of 

Pan-Asia-2 against EA-3 was reported (35).  

The sequenced vaccine strains serotype SAT 2 belongs 

to Topotype VII, lineage Ghb-12 OM681359, and lineage 

Lib-12 OM681358. The Sequenced vaccine strain lineage 

Ghb-12 shared 99.12% nucleotide sequence with the 

reference vaccine strain SAT 2/ EGY/2012|JX570618.1, 

while the sequenced vaccine strain lineage Lib-12 revealed 

nucleotide similarity of 99.55% and 99.11% with 

SAT2/EGY/Beheria/2019|OK558886.1, and 

SAT2/EGY/Sharqiua/2018|MK493339.1, respectively. The 

sequenced vaccine strain lineage Lib-12 shares 83.93%and 

84.07% nucleotide sequence with the reference vaccine 

strain SAT 2 (Ghb-12) EGY/2012|JX570618.1 and the 

sequenced vaccine strain in this study Ghb-12 OM681359, 

respectively. As a result of the findings of this study, 

incorporation of lineage Lib-12 in vaccine strains after the 

outbreak in 2018 was necessary. These results are in close 

agreement with the findings of El Damaty et al. (7), who 

showed a 12.2-12.7% variance between the sequenced SAT 

2 lineage Lib-12 MN864514-MN864518 and the reference 

vaccine strain SAT 2 EGY/2012\JX570618.1 moreover, 

agreeing with Abd El-Rhman et al. (36), who illustrated a 

12.3% nucleotide difference between Lib-12 and the 

vaccine strain (Ghb-12). The sequenced vaccine strain 

lineage Ghb-12 shares 85.71%.86.61% and 87.5% 

nucleotide sequence with 

SAT2/EGY/Gharbia/2017|MT597120.1, SAT2 

EGY/Daqahlia//2017|MF322694.1, and 

SAT2/EGY/2014|KY825720.1, respectively relate to 

lineage Alex-12 of Topotype VII. These results are similar 

to El-Shehawy et al. (37), who illustrated that 

SAT2/VII/Ghb-12 shares 89.7-90.1% sequence similarity 

with SAT2/VII/Alx-12. Our suggestion from these findings 

is that any vaccine containing lineage Ghb-12 virus support 

full or partial protection against lineage Alex-12 virus while 

it may support partial or no protection against lineage Lib-

12 virus related to the same topotype VII.  

The relationship between the FMDV circulating strains 

in Egypt and vaccine strains (5,6,9,34,38-41). A- FMDV 

circulating strains within serotype A: (1-Topotype Africa 

G-VII and G-IV&2-Topotype Asia, lineage Iran-05). The 

previously produced vaccine containing Iran‑05 lineage 

represents the Asian topotype and the updated vaccine 

incorporates the newly isolated G-IV representing the 

African topotype. B-FMDV circulating strains within 

serotype O (1- Middle East-South Asia topotype (ME-SA) 

with two lineages (PanAsia-2 & Sharquia-72) and East 

Africa 3 (EA-3) with three lineages (Qal-13, Ism-16, and 

Alex-17) and vaccine strains cover only topotype ME-SA 

with PanAsia -2 strain. C-FMDV circulating strains within 

serotype SAT 2 (Topotype VII with three lineages (lineage 

Ghb-12, lineage Alx-12, and lineage Lib-12)) and the 

vaccine cover this topotype with two lineages SAT2 

(Ghb/2012) and SAT2 (LIB/2018). 

 

Conclusion  

 

We concluded that the FMDV causing an outbreak at 

Port Said Government in 2020 is related to serotype A 

Africa topotype Genotype IV. It shows High genetic 

variations from the locally used vaccine strain serotype A 

of the Asia topotype, lineage Iran-05 in the major antigenic 

sites of the VP1 region. Hence, we recommended 

incorporating it in to the vaccine strains and periodical 

molecular and cross-matching (R-value) studies between 

FMDV circulating in the region and commercial vaccine 

strains that could combat the incursion of new lineages. 
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وتحاليل الشجرة الجينية لعترات لقاح  يالتوصيف الجين

فيروس مرض الحمى القلاعية ومعزولة حديثا من 

 الحقل
 

هيام محمد و  2محمد رمضان نورالدين، 1جبر فكرى الباجورى

 2فخرى
 
قسم 2، بنها، مشتهر، جامعة بنها البيطري،كلية الطب ، قسم الفيروسات1

، واللقاحات البيطرية الأمصالمعهد بحوث ، بحوث الحمى القلاعية

 مصر، القاهرة، العباسية

 

 الخلاصة

 

 وإقليمية فيمسؤولية وطنية  هيمكافحة مرض الحمى القلاعية 

تفشى مرض الحمى القلاعية بين ثلاث  2020محافظة بورسعيد عام 

مزارع من الأبقار والجاموس على الرغم من ان هذه الحيوانات كانت 

محصنة بلقاح مرض الحمى القلاعية المحلى الميت متعدد العترات. تم 

للسان والسوائل الحويصلية من  الطلائيجمع عينات من الغشاء 

 السوريعزل الفيروس على خلايا كلى اليربوع المصابة و تالحيوانا

 تللفيروساالبلمرة المتسلسل لمعرفة الأنماط المصلية  اختبارتم استخدام 

الفيروسات  أنكشفت تحاليل الشجرة الجينية  اللقاح.المعزولة وعترات 

التابع ا لأفريقي العلويمن النمط ي أ النمط المصلالى  تنتميالمعزولة 

من  النتروجينيهذه المعزولات تشابه التتابع  أنما كالرابعة  سلالةلل

لمعزولات معهد بحوث صحة الحيوان عام  %99.77الى  97.1

بين هذه  %7.88الى  5.63من  ي. كما يوجد اختلاف نيكلوتيد2020

تبين  .2018و  2016المعزولات والمعزولات السابقة من مصر عام 

البروتين  منطقة فيالمضادة المواقع  فيكبير  جيني اختلافوجود 

اللقاح  فيبين هذه المعزولات والعترة المستخدمة الفيروسي الأول 

 لأسيا التابع لسلالة العلويمن النمط أ  للنمط المصلى تنتمي التيالمحلى 

. %26.34يقدر بنسبة  ينيكلوتيد اختلافويوجد بينهم إيران الخامسة 

اللقاحات البيطرية على هذه النتائج أنتج معهد بحوث الأمصال و بناء  

على هذه العترة المعزولة حديثا.  يميت يحتو أحادي اضطراريلقاح 

الدفعات لإنتاج كما اوصينا بدمج هذه العترة الى العترات المستخدمة 

 التالية من اللقاح متعدد العترات.

 

 
 


