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Prevalence of Rickettsia, Ehrlichia, and Borrelia species pathogens in ticks from Georgia

	Project Summary


Rickettsiae are important zoonotic and arthropod-borne pathogens which may infect humans causing diverse types of clinical diseases. These human rickettsioses represent important public health problems with potentially significant morbidity and mortality. In addition, Rickettsia prowazekii and Rickettsia rickettsii, both especially dangerous pathogens (EDP), could be weaponized and used by rogue states or groups as bioterrorism agents. Members of the genera, Ehrlichia and Borrelia, are also arthropod-borne bacteria, but they are all considered non-Especially Dangerous Pathogens (non-EDPs).   Many of the ehrlichiae and borreliae frequently co-infect ticks with rickettsiae.  Moreover, ehrlichiae and borreliae can cause diseases with signs and symptoms similar to that of rickettsial diseases in humans, Therefore, ehrlichioses and borrelioses pose a major challenge clinicians and laboratorians in the accurate and timely diagnosis of rickettsioses. The goal of the proposed study is to evaluate the prevalence of pathogenic species of Rickettsia, Ehrlichia and Borrelia present in ticks from Georgia using previously collected pooled tick samples from the DTRA funded GG-18 project. The results from this project will augment NCDC’s laboratory and epidemiological capacity for early identification of and timely response to EDP related tick-borne infections in general and rickettsial diseases in particular. 
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	Detailed Project Information



	I.  Project Description (Introduction and Overview)



Background and History

Rickettsia
Rickettsia are obligate intracellular Gram-negative coccobacilli. There are multiple species within the genus causing different, clinically distinct diseases. Diverse species of mammals (rats, mice, squirrel, cats, opossums, and etc.) and arthropods (ticks, mites, fleas and lice) represent the natural hosts for different members of the genus Rickettsia. Humans typically acquire the disease through the exposure to infected ticks (usually Dermacentor species), mites, lice, and fleas depending on the type of Rickettsia.[endnoteRef:1] Rickettsial pathogens are found throughout the world[endnoteRef:2] and their geographic distribution is limited only by the availability of local vectors.   [1:  Center of Disease Control and Prevention (CDC). Rickettsial Diseases. www.cdc.gov/ncidod/dvrd/branch/vrzb.htm
]  [2:  2. Jensenius M, Fournier P, Raoult D. Rickettsioses and the international traveler. Clin Infect Dis. 2004;34(10):1493-9
] 


Rickettsial pathogens cause diverse types of diseases that vary in severity (from subclinical to life-threatening) and clinical presentation. Many patients manifest fever, headache, renal failure, pneumonitis, meningitis, vacuities, thrombocytopenia, elevated transaminases, and etc. 

There are three principle groups of clinical diseases caused by different species of Rickettsia:
· Typhus group rickettsioses 
· Epidemic (louse-borne ) typhus caused by R. prowazekii 
· Murine (endemic or flea-borne) typhus caused by Rickettsia typhi
· Spotted fever group rickettsioses 
· Represent many different types of diseases. 
· The most common variants are:
· Rocky Mountain spotted fever (RMSF) caused by R. Rickettsii and transmitted by ixodid ticks.
· Rickettsialpox, caused by Rickettsia akari and transmitted by mites
· Mediterranean spotted fever (Boutonneuse fever ) caused by Rickettsia conori which is transmitted by Rhipicephalus ticks.
· Scrub typhus group of rickettsioses 
· Is caused by Orientia spp. including Orientia tsutsugamushi and Orientia chuto are vectored by chigger mites and potentially other invertebrate vectors.

The mortality is significant for RMSF – around 4%[endnoteRef:3] and for untreated epidemic typhus – may reach 15-20% or more.[endnoteRef:4] [3:  Centers for Disease Control and Prevention (CDC). Consequences of delayed diagnosis of Rocky Mountain spotted fever in children--West Virginia, Michigan, Tennessee, and Oklahoma, May-July 2000. MMWR Morb Mortal Wkly Rep. 2000 Oct 6;49(39):885-8.
]  [4:  Raoult D, Ndihokubwayo JB, Tissot-Dupont H, Roux V, Faugere B, Abegbinni R, et al. Outbreak of epidemic typhus associated with trench fever in Burundi. Lancet 1998;352:353-8
] 


Because of certain characteristics of Rickettsia and their high pathogenicity, these organisms have been identified as potential bio-weapon pathogens.[endnoteRef:5]   Rickettsia prowazekii is classified by CDC as a category B bioterrorism agent.[endnoteRef:6]  [5:  Azad AF, Radulovic S. Pathogenic rickettsiae as bioterrorism agents. Ann N Y Acad Sci. 2003 Jun;990:734-8.
]  [6:  Center of Disease Control and Prevention (CDC). Bioterrorism agents - http://www.bt.cdc.gov/agent/agentlist-category.asp
] 


The clinical features of rickettsial diseases can often overlap with other tick-borne diseases, particularly those of ehrlichioses and borrelioses.  Besides, these organisms can share the same transmitting vector and therefore co-infection in a single vector is possible, further complicating the diagnosis and treatment of these diseases.[endnoteRef:7], [endnoteRef:8], [endnoteRef:9], [endnoteRef:10], [7:  Nadelman RB, Horowitz HW, Hsieh TC, Wu JM, Aguero-Rosenfeld ME, Schwartz I, Nowakowski J, Varde S, Wormser GP. Simultaneous human granulocytic ehrlichiosis and Lyme borreliosis. N Engl J Med. 1997 Jul 3;337(1):27-30
]  [8:  Huang HN, Ding Z, He J, Wu XM, Jiang BG, Gao Y, Chu CY, Zhan L, Zhao QM, Wang 
YF, Cao WC. [Study on the coinfection status of Borrelia burgdorferi sensu lato and spotted fever group Rickettsia in ticks from Hunchun, Jilin province].Zhonghua Liu Xing Bing Xue Za Zhi. 2006 May;27(5):379-83
]  [9:  Milhano N, Carvalho IL, Alves AS, Arroube S, Soares J, Rodriguez P, Carolino M, Núncio MS, Piesman J, de Sousa R. Coinfections of Rickettsia slovaca and Rickettsia helvetica with Borrelia lusitaniae in ticks collected in a Safari
Park, Portugal. Ticks Tick Borne Dis. 2010 Dec;1(4):172-7
]  [10:  Teiner FE, Pinger RR, Vann CN , et al. Infection and coinfection rates of Anaplasma phagocytophilum variants, Babesia spp., Borrelia burgdorferi, and the rickettsial endosymbiont in Ixodes scapularis (Acari: Ixodidae) from sites in Indiana, Maine, Pennsylvania, and Wisconsin. J Med Entomol. 2008;45(2):289–297
] 





Ehrlichia

Ehrlichia are obligatory intracellular pathogens that cause febrile illness with very similar clinical characteristics to several rickettsioses, except that symptoms usually are milder and rash is relatively uncommon. Nevertheless ehrlichioses sometimes can be very serious and even life-threatening.[endnoteRef:11] According to studies in highly endemic areas, up to 15% to 36% of the population has been exposed to Ehrlichia, and most often, it is not recognized.[endnoteRef:12]  [11:  Bakken JS, Dumler S. Human granulocytic anaplasmosis. Infect Dis Clin North Am. 2008 Sep;22(3):433-48, viii. Review
]  [12:  Dumler JS, Choi K-S, Garcia-Garcia JC, Barat NS, Scorpio DG, et al. (2005) Human granulocytic anaplasmosis and Anaplasma phagocytophilum. Emerg Infect Dis 11: 1828–1834] 


The causative pathogens of Ehrlichiosis belong to the family Anaplasmataceae that contains two genera and four species that most commonly infect humans:[endnoteRef:13]  [13:  Dumler JS, Madigan JE, Pusterla N, Bakken JS (July 2007). "Ehrlichioses in humans: epidemiology, clinical presentation, diagnosis, and treatment". Clin. Infect. Dis. 45 (Suppl 1): S45–51
] 


· Ehrlichia
· Ehrlichia chaffeensis – causative agent of human monocytic ehrlichiosis (HME)
· Ehrlichia ewingii – causative agent for human ewingii ehrlichiosis
· Ehrlichia canis – causative agent for canine ehrlichiosis

· Anaplasma
· Anaplasma phagocytophilum - causative agent of human granulocytic anaplasmosis (HGA) formerly human granulocytic ehrlichiosis (HGE).

E. chaffeensis and A. phagocytophilum (and related species) have been identified in different countries in the Americas, Europe, Asia, Australia and Africa.[endnoteRef:14] [endnoteRef:15] The main identified mammal hosts for Ehrlichia are deer and mice.[endnoteRef:16] Ehrlichia and Anaplasma are vectored by different species of Amblyomma, Ixodes and Dermacentor species ticks.[endnoteRef:17] [endnoteRef:18] [14:  Yabsley MJ. Natural history of Ehrlichia chaffeensis: vertebrate hosts and tick vectors from the United States and evidence for endemic transmission in other countries. Vet Parasitol. 2010 Feb 10;167(2-4):136-48.
]  [15:  Dumler JS, Choi KS, Garcia-Garcia JC, Barat NS, Scorpio DG, Garyu JW, Grab DJ, Bakken JS. Human granulocytic anaplasmosis and Anaplasma phagocytophilum. Emerg Infect Dis. 2005 Dec;11(12):1828-34
]  [16:  Lockhart JM, Davidson WR, Stallknecht DE, Dawson JE, Howerth EW. Isolation of  Ehrlichia chaffeensis from wild white-tailed deer (Odocoileus virginianus) confirms their role as natural reservoir hosts. J Clin Microbiol. 1997
Jul;35(7):1681-6
]  [17:  Yabsley MJ. Natural history of Ehrlichia chaffeensis: vertebrate hosts and tick vectors from the United States and evidence for endemic transmission in other countries. Vet Parasitol. 2010 Feb 10;167(2-4):136-48
]  [18:  Bakken JS, Dumler JS. Human granulocytic ehrlichiosis. Clin Infect Dis. 2000 Aug;31(2):554-60.
] 


Borrelia

Borrelia are zoonotic spirochetes that cause two major groups of clinical disease:

· Lyme disease is one of the most prevalent vector-borne diseases in the United States and Europe, and cases are reported from nearly all regions of the Northern Hemisphere. The incidence of Lyme disease is increasing and its endemic regions are expanding. It is caused by B. burgdorferi in the United States, and primarily B. afzelii and B. garinii in Europe and Asia. Reservoirs for Borrellia species are rodents (mice) and the disease is transmitted by Ixodes species ticks. The manifestation of Lyme disease include: fever, rash, neurologic, cardiac, and musculoskeletal symptoms and present as early/acute and late diseases.

· Relapsing fever  is divided into two major groups:

· Tick-borne relapsing fever is caused by B. hermsii, B. turicatae, and B. parkeri in the US. Worldwide, at least 14 Borrelia species are known to cause tick-borne (endemic) relapsing fever.

· Louse-borne relapsing fever is caused by B. recurrentis and is transmitted by body lice.

Relapsing fever is a very serious disease, characterized by recurrent high fever episodes with meningeal and myalgia/arthralgia symptoms. The mortality rates for untreated louse-borne relapsing fever and tick-borne relapsing fever are 10 to 70% and 4 to 10%, respectively.

Country-specific project background:  

There are no reliable epidemiological data at present, to estimate the prevalence of Rickettsia, Ehrlichia, and Borrelia in Georgia. Recently conducted vector surveillance training by USAMRIID evaluated tick samples from different geographic areas of Georgia for the presence of rickettsial pathogens using PCR technologies. The preliminary results show that rickettsiosis is a potential public health problem in our country. Based on unpublished data, 47% of tick pools collected in Akhaltsikhe and 43% of tick pools collected in Akhalkalaki (both townes are located in south Georgia) were positive for Spotted Fever group Rickettsia. Currently there are no studies available regarding the epidemiology of Ehrlichia and Borrelia in Georgia. We suggest that these diseases are significantly under-recognized and underestimated and may contribute to a significant number of human infections that are not accurately diagnosed and not properly treated.

	II. Scientific Goals



The goals of the study:

1. To estimate the prevalence of Rickettsia, Ehrlichia, and Borrelia spp. among ticks in Georgia
2. To implement molecular diagnostics for Rickettsia, Ehrlichia, and Borrelia in the country.
3. To augment the laboratory capacity for differential diagnosis of EDP tick-borne diseases.
4. To increase the awareness of health care workers and epidemiologists in the field of tick-borne infections for early identification and response to tick-borne EDPs, including Rickettsia.   


	III. Technical Approach and Methodology



This project will use the tick samples that have been collected in different regions of Georgia within the framework of the DTRA funded GG-18 project and USAMRIID vector surveillance training activities. The collected samples have been stored observing all laboratory quality standards and biosafety requirements. All samples were previously entered into a database and pertinent sample information and GPS location data was recorded. These samples will be tested using PCR assays to identify pathogenic Rickettsia, Ehrlichia, and Borrelia species.   

DNA and RNA isolation. Ticks will be triturated using a bead beater (Biospec Inc.) and a 2.5 mm stainless steel bead in 750 uL in grinding media (EMEM cell culture media containing 10% bovine serum). After a short centrifugation for 30 seconds at 6,000 RPM in a minicentrifuge, total nucleic acids (both RNA and DNA) will be purified from the clarified supernatant using a Qiagen QiaAMP viral RNA mini-kit according to the manufacturer’s instructions.  

Genus-specific PCR primers will be used for detection of 16S rRNA of all Ehrlichia and Anaplasma species in a sample. In addition, real-time PCR for detection of species-specific pathogen will be performed.[endnoteRef:19]  [19:  Sirigireddy KR and Ganta RR. 2005. Multiplex detection of Ehrlichia and Anaplasma species pathogens in peripheral blood by real-time reverse transcriptase-polymerase chain reaction. J. Mol. Diagn. 7: 308–316
] 


For Borrelia species identiﬁcation Tm based real-time PCR targeting hbb gene will be implemented.[endnoteRef:20]Primers and probes will be the same as described by Portnoï et al. [20:  Ferdin J, Cerar T, Strle F, and Ružić-Sabljić E. Evaluation of real-time PCR targeting hbb gene for Borrelia species identification. 2010. Journal of Microbiological Methods.82 (2010) 115–119
] 


Rickettsia species pathogens will be detected as described by Jiang et al.[endnoteRef:21] and Blair et al.[endnoteRef:22] and verified by sequence confirmation of five Rickettsia specific genes (unpublished data). Nested PCR for the detection of fragments of the Rickettsia genusspeciﬁc 17-kDa protein gene (htrA) will be performed. [21:  Jiang J, Chan TC, Temenak JJ, Dasch GA, Ching WM, Richards AL. Development of a quantitative real-time polymerase chain reaction assay specific for . Am J Trop Med Hyg. 2004 Apr;70(4):351-6
]  [22:  Blair PJ, Jiang J, Schoeler GB, Moron C, Anaya E, Cespedes M, Cruz C, Felices V, Guevara C, Mendoza L, Villaseca P, Sumner JW, Richards AL, Olson JG. Characterization of spotted fever group rickettsiae in flea and tick specimens from northern Peru. J Clin Microbiol. 2004 Nov;42(11):4961-7] 

 
Training will be conducted for epidemiologists, primary care, and infectious diseases physicians on early identification of and response to tick borne diseases focusing on Ricketsiosis.  

The duration of this project will be 12 months. 

	IV. Expected Results



· Successful completion of this study will provide an estimate of the prevalence of Rickettsia, Ehrlichia, and Borrelia species pathogens in Georgia
· The regions with highest disease burden will be identified and potential preventive measures will be implemented.  
· The data generated regarding the epidemiology of these infections in Georgia will increase public awareness and help clinicians to make evidence based decisions when caring for their patients with tick-borne EDP and non-EDP diseases. 
· Expansion of NCDC laboratory diagnostic capacity for detecting tick-borne EDPs.
· Augmenting NCDCs ability to respond to public health threats posed by Rickettsial pathogens.






	V. Tasks



	Task Description

	Project management, reporting, and administration 

	 #
	Description of Deliverables
	Responsible Party
	Schedule for Completion

	1
	Procurement of laboratory materials
	NCDC
	I-II month

	2
	Preparation of quarterly reports to DTRA
	NCDC and USAMRIDD
	Quarterly

	3
	Weekly meetings of PI with project key personnel
	NCDC
	Weekly

	4
	Training of epidemiologists and physicians 
	NCDC and USAMRIID
	III-X months

	5
	Data entry and analysis
	NCDC
	IX-XI months

	6
	Manuscript preparation
	NCDC and USAMRIID
	XII months

	Laboratory diagnostics development 

	7
	Testing different primers to match Georgian strains of  Rickettsia, Ehrlichia, and Borrelia 
	NCDC
	III month

	8
	Performing PCR testing of tick samples 
	NCDC
	IV – X months




	VI.  Project Management



Describe Communications:
1. Scientific Leadership
· All ethical, organizational, logistical, and financial management of the project will be the responsibility of the Principal Investigator (PI) 
· Regular communications with U.S. Collaborators and DTRA will be conducted by PI
2. Reporting
· Preparation of a short executive summary of quarterly reports 
· Organization of local meetings to discuss the project progress
· Preparation of project presentation and abstract for conferences and international meetings
· Facilitation of publications in peer reviewed journals

Project staff:
	#
	Name
	Position
	Responsibility 

	1
	George Kandelaki, NCDC
	Co-Principal Investigator
	Responsible for overall project management and for all ethical and scientific aspects of the study 

	2
	John Lee, USAMRIID
	Co-Principal Investigator
	Responsible for overall project management all ethical and scientific aspects of the study

	3
	Allen Richards, Naval Medical Research Center
	Investigator
	Responsible for training and supervision on molecular diagnostics

	4
	Nino Akhvlediani, NCDC
	Investigator
	Project coordinator

	5
	Nikoloz Tsertsvadze NCDC
	Investigator
	Training of epidemiologists and physicians

	6
	Ana Kasradze NCDC
	Investigator
	Data entry and analysis

	7
	Ekaterine Khmaladze NCDC
	Investigator
	PCR testing

	8
	Ekaterine Jgenti NCDC
	Investigator
	PCR testing




	VII.  Meeting Goals and Objectives of CBR Program



Rickettsia belong to the list of EDPs. Rickettsia, Borrelia, and Ehrlichia species are characterized by similar clinical manifestations and transmitted by the same vectors. Co-infections are also reported. Hence differential diagnostic capacity of these pathogens has a great importance for early identification and improved surveillance of rickettsial diseases.

Estimating the distribution of Rickettsia, Ehrlichia, and Borrelia species in ticks would provide valuable information on the possible distribution of these pathogens that cause disease in humans in Georgia.  

	Pathogens



	
	Biosafety Level (Diagnostic Quantities)

	Pathogen
	1
	2
	3
	4

	Rickettsia
	
	X
	
	

	Ehrlichia 
	
	X
	
	

	Borrelia
	
	X
	
	



	Approximate Budget



	Amount: 
	99,934.40 USD
	Approximate Timetable:
	1 year



	Relevance to DoD Program Objectives



The high morbidity, mortality, and the potential for rapid spread of Rickettsia, could possibly make this pathogen an attractive agent for bio-weapon production. R. prowazekii is classified by CDC as a category B bioterrorism agent.

Successful completion of this project fills two important gaps in public health knowledge and Georgian laboratory capacity. Both issues are aligned with the mission of DTRA, to reduce potential biological threat and control current and future disease outbreaks known to occur in Georgia.

	Relationship to Other On-Going or Planned BTRP Projects



The proposed project will use the materials collected within the ongoing BTRP project GG-18. Pooled tick samples collected from different regions will be tested for Rickettsia, Ehrlichia and Borrelia. This project will add on the scientific knowledge on tick-borne diseases (CCHF, TBE) studied in Georgia though other DTRA funded projects (GG-18).
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