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Objectives 

1. Survey citrus at UC-Riverside and UCANR-
Lindcove Research and Extension Center
for suspected HLB infected trees using
canines and relate canine alerts to other
early detection technology (EDT) methods
and the time course of qPCR positives in
California.

2. Assay research fields for HLB-associated
pathogens and other relevant citrus
pathogens. This encompasses trees of the
genus Citrus and citrus relatives in the
Aurantioideae.

3. Increase the efficiency of large-scale
surveys by incorporating early detection
technologies with confirmation using USDA
APHIS qPCR protocols.

Problem and Significance 

Huanglongbing, HLB, is a fatal disease of citrus 
that has devastated most citrus production areas 
world-wide. Although qPCR is the most accurate 
and the only USDA-approved method to detect the 
pathogen, finding potentially infected trees is 
dependent upon collecting leaf samples that 
contain the bacteria. In other words, confirming 
HLB is a sampling issue. The pathogen 
continuously moves throughout the tree and is not 
evenly distributed throughout the tree. Further, 
infection precedes symptom development by as 
much as 2 years and therefore, collecting a proper 
sample for laboratory assay is challenging.  
Canines are proficient at detecting and locating a 

wide array of organic/inorganic odors, explosives, 
drugs, etc. and in very low quantities. Organisms, 
including plants, give off unique complexes of 
volatile organic compounds (VOCs). This project 
capitalizes on the innate ability of canines to detect 
the VOCs emitted by plant pathogens, specifically 
HLB-associated bacteria. In studies conducted in 
Florida, canines are >98% accurate in detecting 
‘Candidatus Liberibacter asiaticus’ (CLas) in an 
agricultural setting using inoculated trees. In 
California, using backyard trees and CDFA test 
results, the accuracy was slightly less, 92% 
(personal communication).  

With the City of Riverside having Asian citrus 
psyllid (ACP) and HLB positive trees within 2 miles 
of the UC Riverside Agricultural Experiment 
Station-Citrus Research Center (AES-CRC), we 
embarked on a project to assess the canine HLB 
detection team in early detection of HLB. 
Additionally, UCANR Lindcove Research and 
Extension Center (LREC) has neither ACP nor HLB 
positive trees and therefore, we wanted to establish 
a baseline infection status using the HLB detection 
canines. The canine detection team could 
accomplish this more rapidly and in a cost, effective 
manner rather than the laborious and time-
consuming laboratory protocols.  

Benefit to Industry 

The goals of this project are to survey citrus and 
citrus relatives for suspected HLB infected trees 
using canines and relate canine alerts to other EDT 
methods and to determine the time it takes from 
detection by canines to qPCR confirmation. The 
surveys are to be conducted at both UCR AES-
CRC and UC-LREC. Furthermore, research fields 
will be assayed for other relevant citrus pathogens 
to ensure the canines are reacting only to HLB-
related pathogens. As a result, the speed and 
efficiency of large-scale surveys will be improved 
and EDT methods will be validated.  

Citrus growers will benefit from this research 
because it will develop a systems approach to 
rapidly respond to “suspect-HLB” canine-alert trees, 
and potentially stay ahead of the HLB spread. 
Growers will also benefit from the proactive 
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protection of valuable breeding and research 
collections for future research and benefits to the 
California citrus industry. Regulators will benefit by 
quickly targeting suspect-HLB canine alert trees 
and focusing their sampling for qPCR confirmation. 
This will potentially result in more rapid detection, 
confirmation and elimination of HLB positive trees.  

Progress Summary 

In collaboration with F1-K9, HLB-detection canine 
teams have screened many research blocks and 
the germplasm collections at UCR AES-CRC in 
2017, 2019, and June and October of 2020. 
Additionally, in 2019 the canine team screened the 
perimeters of all field blocks at LREC and did not 
alert on any trees. A number of trees planted at 
both LREC and UCR are infected with viruses and 
viroids, Phytophthora spp. and Spiroplasma citri. 
Regardless of the presence of these other 
pathogens, there were no canine alerts at LREC 
and no correlation between canine alert trees and 
those infected with other pathogens at UCR. To 
conduct the qPCR laboratory assays, 100 leaves 
from each of the four directional quadrants are 
collected from the canine-alert trees. Leaves from 
each quadrant are pooled and 20-24 PCR reactions 
are conducted per quadrant. Although we are 
following the USDA APHIS protocol for detection, 
we are increasing the number of reactions so that 
we can increase the odds of detection using qPCR. 
In 2019, of the 354 trees assayed using qPCR, 8 
trees had some of the 24 reactions that resulted in 
Ct values below the cutoff value of 40 but above 
the positive threshold of 36.999 using the Li 
primers, also termed inconclusive reactions. When 
this occurs, CDFA requests we run the samples 
using RNR primers to verify if the trees are positive. 
So far, all Li primer inconclusive reactions were 
negative with RNR primers.  

Antibodies were developed in the Ma lab against 
structural proteins of CLas. Multiple protocols and 
antibody combinations were evaluated. These 
antibodies were used to test canine-alert trees for 
the presence of CLas by enzyme-linked-
immunosorbent assay (ELISA). In 2019-20 FY, 
independent samples for ELISA were collected at 

approximately the same time as those for qPCR. A 
total of 329 trees were tested; 223 were negative 
and 106 reacted with the antibodies (32%). 

In addition, both the Ma and Vidalakis labs are 
evaluating the utility of Next Generation 
Sequencing (NGS) to confirm or verify canine alerts 
where PCR results are inconclusive. In one case, a 
citrus relative tested positive for HLB using the Li 
primers for qPCR. Samples were sent to CDFA and 
were confirmed as negative. NGS results 
determined that it was not CLas but possibly a 
closely related bacterial species. 

Since the HLB canine team has become acclimated 
to California, canines are consistently alerting on 
the same trees over time. We found that depending 
on the direction and strength of the wind, the 
canines may have to triangulate to determine which 
tree is suspect. Figures 1-3 demonstrate canine 
surveys conducted March 2019, June 2020 and 
October 2020, respectively, in a research block on 
the south edge of the UCR AES-CRC that is 
adjacent to the residential area. The last survey 
(October 2020) was tree-by-tree whereas the 
earlier surveys were perimeter only. All 2019 
canine-alert trees were reconfirmed by canines in 
2020. As seen in the Figures 1-3, the pattern of 
spread is more concentrated closest to the 
residential area. As reported in Florida and Texas, 
we are also seeing a border effect. We are 
currently in the process of completing the 
laboratory assays for the June and October 2020 
canine alert trees. 
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Figure 1. Perimeter survey in March 2019 with canine 
alerts more common on south border. Dark diamond 
dots are canine alerts from March 2019 survey. 

Figure 2. Perimeter survey in June 2020 (white dots) 
with canine alerts from June 2019 (dark diamond dots). 

Figure 3. Tree-by-tree survey in October 2020, all canine 
alerts (white dots) were reconfirmed from the previous 
surveys. 
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