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Summary. Citrus production is economically important in the Chlef Valley, Algeria, 
but faces several challenges from diseases that threaten yields, fruit quality, and long-
term sustainability of orchards. During recent decades, several citrus orchards have 
shown decline and severe symptoms, mostly associated with tristeza and caused by 
the virulent VT strain reported in 2019. To update current distribution and strains of 
tristeza pathogens and potential aphid vectors, an additional survey was conducted 
in the Chlef Valley from 2021 to 2024. Samples collected from different citrus areas 
were serologically assessed, showing an increase in the infection rates from 3.2% in 
2019 to 4.24% in 2024. The molecular genotype characterization using strain specific 
RT-PCRs confirmed the presence of the pre-existing T30 and VT genotypes, and two 
new strains, S1 and T3, were also detected. This study has confirmed the widespread 
dissemination of the virulent VT genotype of CTV, and has detected additional CTV 
strains. Discovery of new strains and the further spread of the severe VT genotype, 
combined with detection of the aphid vector Aphis gossypii Glover, poses significant 
threats to the citrus industry in Algeria. This situation requires proactive measures by 
the National Phytosanitary Services, including extending surveillance to other citrus 
Algerian production regions.
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INTRODUCTION

Citrus production continues to face significant threats from citrus tristeza 
virus (CTV) (Closterovirus tristezae), which is the most destructive viral path-
ogen of citrus (Folimonova and Sun, 2022). In Algeria, citrus crops have con-
siderable economic and cultural significance in many areas in the country’s 
coastal zones (MADRP, 2023). However, citriculture encounters ongoing chal-
lenges from diseases that threaten yields, fruit quality, and the long-term sus-
tainability of orchards. During recent decades, orchards throughout the main 
citrus producing areas in the Mitidja and Chlef Valleys have shown increases 
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in decline syndromes and severe symptoms associated 
with CTV, affecting old and young orchards (Larbi et 
al., 2015; Ali-Arous et al., 2019). This situation prompted 
a large-scale survey conducted from 2016 to 2018 across 
Algeria’s main citrus-growing areas, which confirmed the 
presence of a virulent VT genotype strain of CTV in a 
citrus orchard located in the Chlef Valley. This detection 
was followed by eradication action to sanitize the area 
(Ali-Arous et al., 2019). The survey also found other CTV 
isolates with 99% nucleotide identity with T30 mild CTV. 
The virus was widely distributed with an overall infec-
tion rate of 3.2% (Ali-Arous et al., 2019).

The causal agent of citrus tristeza is a closterovirus 
with a 2,000 × 11 nm, non-segmented positive-sense 
RNA genome, which transmitted through infected prop-
agation plant material and by aphid vectors (Hemiptera, 
Aphididae) in a semi-persistent manner (Albiach-Mar-
ti, 2013). CTV has the largest genome of RNA viruses 
infecting plants, has extensive strain diversity, and is 
pathogenic to a wide range of hosts. The virus is cur-
rently classified into at least eight strains (genotypes), 
of which T36, T30, T3, T68, VT, RB, HA16-5 and S1 are 
well documented.

CTV strains can induce different symptoms depend-
ing on the citrus host species (Sun et al., 2024). The RB 
strain is the only variant able to infect Poncirus trifoliata 
(Yokomi et al., 2017). Depending on the hosts and viral 
strains, CTV may cause different symptoms, including 
seedling yellows, rapid host decline, and stem pitting 
(Licciardello et al., 2025), leading to gradual losses of 
productivity and fruit quality (Yokomi et al., 2018).

To reassess the current distribution of CTV strains 
in the Chlef Valley, which is the major citrus production 
region of Algeria, and to additionally survey for exotic 
virus strains or strains not previously detected, a new 
survey was conducted from 2021 to 2024. This aimed to 
provide information to support sustainable citrus man-
agement, and to strengthen plant health certification and 
quarantine programmes in Algeria.

MATERIALS AND METHODS

A field survey was carried out each spring from 2021 
to 2024, to assess the current CTV status in the Chlef 
Valley, including distribution and incidence of the virus. 
Sampling for CTV was not dependent on symptom 
expression, and followed either a random design along 
field diagonals or hierarchical sampling as described 
by Gottwald and Hughes (2000). Samples consisted of 
young shoots, and petioles and pedicels of fully expand-
ed leaves and flowers.

In total, 1,743 citrus plants were sampled from 112 
commercial orchards and one private nursery, all located 
within the Chlef Valley. Samples were tested by double 
antibody sandwich enzyme-linked immunosorbent assays 
(DAS-ELISA) (Bar-Joseph et al., 1979; Cambra et al., 
2000), using CTV-DAS-ELISA Complete Kit (Bioreba®).

Based on the origin of the plant propagation mate-
rial, geographical distribution and symptoms, six CTV-
positive samples were selected for virus strain deter-
minations. Nucleic acids extractions were carried out 
using a semi-automated magnetic bead method and the 
Maxwell® RSC 48 instrument, following the protocol 
guidelines provided in the Maxwell® RSC Plant RNA Kit 
(Promega®). RNA extracts were stored at -20°C. First-
strand cDNA was synthesized from 2 µg of total RNA 
using M-MLV Reverse Transcriptase (Promega®). Con-
firmation of CTV infections was obtained using a one-
step TaqMan real-time RT-PCR method (Saponari et al., 
2008). A partial gene fragment of the major coat protein 
CP (101 bp) was amplified using GoTaq® Probe qPCR 
Master Mix, GoScript™ RT for one-Step RT-qPCR (Pro-
mega®). This is a universal CTV detection assay using 
primers P25F/P25R and a CY-5 labelled probe (Table 1), 
with the following cycling parameters; one cycle at 45°C 
for 5 min, followed by 2 min at 95°C, and then 40 cycles 
each at 95°C for 15 seconds and 59°C for 30 s. Strain 
detection was achieved using eight strain-specific PCR 
assays for the strains T36, T30, T3, T68, VT, RB, HA16-
5, or S1 (Table 1), following previously established pro-
tocols (Roy et al., 2010; Cook et al., 2016; Yokomi et al., 
2018). The amplified products were then analyzed in 1% 
agarose gels stained with GelGreen (0.02 µL mL-1).

In parallel, monitoring of indigenous potential aphid 
vectors biotypes occurring in citrus was carried out in 
the Chlef Valley area during the 2021 to 2024 period. 
Aphids were collected from infested plant organs, using 
fine brushes coated with Arabic gum to facilitate adhe-
sion and handling. Collected specimens were then pre-
pared and observed under a microscope for dichotomic 
identification using the guide of Blackman and Estop 
(2000).

RESULTS AND DISCUSSION

CTV was detected during the 4-year survey of differ-
ent areas, and citrus orchards of different ages and vari-
ety/rootstock combinations in the Chlef Valley (Figure 
1). Different symptoms were observed that could possibly 
be associated with CTV, including tree stunting, defolia-
tion, and decline, leaf chlorosis and vein corking. Sero-
logical DAS-ELISA detected CTV in 74 of 1,743 sam-
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ples, which represents an average incidence of the virus 
of 4.24%, and indicates an increase from the previous 
survey conducted in 2019 (Ali-Arous et al., 2019). New 
infection foci were detected in Oued fodda and Ouled 
fares localities in the Chlef Valley, where CTV was previ-
ously undetected.

These new results indicate that CTV is present in 
areas of the Chlef Valley, particularly where Sour orange 
is still the main rootstock, and that there are new incur-
sions of the virus that were likely to be introduced by 
aphids. A previous study conducted in the Chlef Valley 
showed that the CTV T30 strain was efficiently transmit-
ted by A. gossypii, and that the more abundant aphid in 
the region, A. spiraecola Patch was less efficient for trans-
mitting this strain under experimental conditions (Ali-
Arous, 2020).

Six of 74 CTV-positive samples identified with DAS-
ELISA were selected and confirmed positive with a uni-
versal CTV RT-PCR assay, and were further assessed 
for strain composition. These CTV samples were either 
single-strain infections or were infected with two 
strains (Table 2). Detection of VT and T30 was consist-
ent with previous findings (Ali-Arous et al., 2019). How-
ever, strains T3 and S1 were recorded for the first time 

in Algerian citrus orchards. Strains T68, T36, RB and 
HA16-5 were not detected in the six samples assessed.

Three CTV sources (samples Sdz1, Sdz4 and Sdz5) 
were positive for VT as single infections. Sample Sdz2 
was positive for both VT and the previously undetected 
strain S1. Sample Sdz6 contained a mixed infection of 
CTV strains T30 and S1. Sample Sdz3 was positive for 
strains T30 and T3, which were also previously unde-
tected in Algeria. None of the analyzed isolates tested 
positive for the CTV strains T68, T36, RB or HA16-5.

Detection of VT in some samples was associated with 
symptoms that could be ascribed to CTV, as was one 
sample containing T3. Sample Sdz1 was from a stunted 
22-year-old Navel sweet orange tree (Citrus sinensis L. 
Osbeck) grafted onto Citrus macrophylla (Wester) root-
stock, on a farm located in Abiodh Medjadja Province 
(Figure 3). Sample Sdz4 was from Oued Fodda Province, 
from a symptomless Citrus macrophylla seedling tree in a 
nursery. Sdz5, the third VT positive sample, was detected 
in a 5-year-old mandarin tree (Citrus reticulata Blanco) 
grafted on sour orange rootstock (Citrus aurantium L.), 
and this tree had severe leaf yellowing and decline. CTV 
isolate Sdz2 with co-infection by VT and S1 genotypes, 
had severe vein corking symptoms (Figure 3). Sdz6 was 

Table 1. Primers used for CTV strain characterization and their respective annealing temperatures (Ta).

CTV 
strain Primer Sequence (5ʹ-3ʹ) Amplicon 

size (bp) Position Ta (°C) Reference

P25

Sense AGCRGTTAAGAGTTCATCATTRC 
101

16.376

59 Saponari et al., 2008Anti-sense TCRGTCCAAAGTTTGTCAGA 16.399
CTV-G
(TaqMan)

MGB-CRCCACGGGYATAACGTACACTCGG
(CY-5) 16.412–16.437

T36
Sense GGT GTA AGG AAG CGT GTG TCG CAT TTA

537
5,641

66 Cook et al., 2016
Anti-sense ACC TGC ACC GTC TAA CAA CAT CAT CG 6,152

HA16-5
Sense TAG GAA GGG TCA CTG CCC TGA CA

610
2,128

56 Cook et al., 2016
Anti-sense GTA AGT ATC TAA AAC CAG GAG 2,717

VT
Sense TTT GAA AAT GGT GAT GAT TTC GCC GTC A

302
1,945–1,972

60 Roy et al., 2010
Anti-sense GAC ACC GGA ACT GCY TGA ACA GAA T 2,222–2,246

T30
Sense TGT TGC GAA ACT AGT TGA CCC TAC TG

206
588–613

60 Roy et al., 2010
Anti-sense TAG TGG GCA GAG TGC CAA AAG AGA T 769–793

T3
Sense GTT ATC ACG CCT AAA GTT TGG TAC CAC T

409
4,846–4,873

60 Roy et al., 2010
Anti-sense CAT GAC ATC GAA GAT AGC CGA AGC 5,231–5,254

T68
Sense GTTAAGAAGGATCACCATCTTGACGTTGA

510
2,124–2,152

59 Roy et al., 2010
Anti-sense AAAATGCACTGTAACAAGACCCGACTC 2,607–2,633

RB
Sense AAG YTA CTT GCA CAA GTT GTC ACC ATC TTA

596
12248- 12277

60 Roy et al., 2010
Anti-sense TGG TCG ATT GAT ACT GTT TCA CTA ATC CCA T 12874-12844

S1
Sense AGGCCGGTAGCGATTCATCCTCTAGCTC

273
4,686-4,713

60 Yokomi et al., 2018
Anti-sense AAGACAATCTCCCAGACGGTGACGA 4,935-4,959
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a mixed infection of T30 and S1 genotypes, and was 
recovered from a symptomless clementine tree located 
in an orchard of the study area (Figure 3). Sdz3 had co-
infection of T30 and T3, and was associated with severe 
dwarfing of a 22-year-old sweet orange tree on a macro-
phylla rootstock in the Oued Sly locality.

Strains of CTV that were previously unreported 
in Algeria were detected from the survey carried out 
in this study. These included strains S1 and T3 of the 

virus. Strain S1 was detected in California, as mixed 
infections with either T30 or VT.S1, and was shown to 
be a mild strain based on biological indexing (Sun et al., 
2024). Strain T3 was shown to induce seedling yellows 
and stunting (Yokomi et al., 2011; Yokomi et al., 2018). 
Strain S1 was therefore found for the first time in Chlef 
Valley, along with the pre-existing T30 mild strains 
PC-3-ALG and PL-6-ALG (respectively, NCBI acces-
sion numbers MK049163 and MK049163) (Ali-Arous 

Figure 1. Distribution of CTV in Chlef Valley of Algeria, as determined in a large-scale survey carried out during 2021 to 2024.

Figure 2. The most dominant potential aphid species vectors observed in the surveyed Chlef Valley of Algeria during the spring of 2025. 
(A) curled orange Navel leaves infested by Aphis spiraecola. (B) colony of A. gossypii on the underside of a Navelina orange leaf.
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et al., 2019). Strain T3 is the second potentially virulent 
strain detected in the study area, following VT (SY-1-
ALG (MK049163), as reported by Ali-Arous et al. (2019). 
Strain T3 was identified in new citrus orchards since its 
first detection in 2019, highlighting the likely spread of 
this virulent strain through the Chlef Valley.

This second and extensive CTV survey in Chlef Val-
ley has shown the first detection of strains S1 and T3 of 
the virus, and indicates spread of CTV to new locations, 
including those where strains VT and T3 were detected. 
For decades, moderate local CTV strains were success-
fully managed with CTV-tolerant rootstocks, including 
Troyer and Carrizo citrange, rather than sour orange. 
However, the exotic severe strains VT and T3 which can 
induce host plant stem pitting regardless of rootstock 
were subsequently detected. In addition, introduction 
of the RB strain of CTV remains a threat, which was 
recently reported in Morocco (Afechtal et al., 2018), and 
this will make disease management difficult.

This situation is likely due to failure of CTV eradi-
cation efforts of the plant protection authorities during 
recent years. For an effective management strategy, the 

local citrus industry should adopt adequate aphid con-
trol and appropriate horticultural practices, by using 
certified plant propagation material for tree produc-
tion. Additionally, extension activities should encour-
age rigorous quarantine measures which should be 
applied to contain the dissemination of virulent CTV 
strains in Chlef Valley to other citrus production zones 
in Algeria.
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