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Abstract

Ehrlichia ewingii is the causative agent of human and canine granulocytic ehrlichiosis. Since its 

discovery in 1970, little work has been done to characterize the pathogen or study the transmission 

dynamics due to the inability to grow the agent in vitro. The aim of this study was to assess the 

suitability of multiple cell lines and media formulations for propagation of E. ewingii in cell 

culture. In this study, we present an overview of attempts to isolate E. ewingii from the buffy coat 

of goats naturally infected by Amblyomma americanum ticks, as well as a methodology for 

maintaining the pathogen for up to 16 weeks in culture. The most promising results were seen with 

HL-60 cells differentiated by the addition of 1.5% DMSO to the media and supplemented with 

8mM l-glutamine. Cultures were passaged multiple times, and fluorescence and morulae were 

observed by indirect fluorescent antibody test and Diff-Quik staining. It is our hope that this 

information will provide a foundation for future attempts to propagate and maintain E. ewingii in 

cell culture.
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Introduction

Ehrlichia ewingii, the causative agent of human granulocytic ehrlichiosis, was first 

discovered by Sidney Ewing in 1970. The organism was observed in neutrophils from a 

febrile dog with mild clinical illness and was initially considered a novel strain of Ehrlichia 
canis, a monocyte infecting Ehrlichia sp., which typically caused moderate to severe disease 

in canines (Ewing et al. 1971). In 1985, the disease was termed “canine granulocytic 

ehrlichiosis” due to the aforementioned preference for neutrophils and milder clinical illness 

(Stockham et al. 1985), and in 1992, the agent was described as a unique species after 

sequence analysis of the 16S rRNA gene showed only 98% similarity to E. canis (Anderson 
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et al. 1992). It wasn’t until 1999 that it was recognized as a human pathogen after causing 

illness in four patients initially suspected of Ehrlichia chaffeensis infection (Buller et al. 

1999). In addition to humans and dogs, natural infections have been documented in white-

tailed deer (Yabsley et al. 2002). The lone star tick, Amblyomma americanum, is the only 

known vector (Anziani et al. 1990), with infection prevalence ranging from 0% to 7.6% 

(Wolf et al. 2000, Steiert and Gilfoy 2002, Long et al. 2004, Mixson et al. 2006, Cohen et al. 

2010, Killmaster et al. 2014) in adult ticks.

To date, E. ewingii has never been isolated in cell culture and, consequently, has not been 

studied as extensively as most other human and canine ehrlichial pathogens. Cell lines 

composed of the target cells (neutrophils and eosinophils) or derived from the reservoir or 

vector species are natural candidates for successful in vitro cultivation. HL60, a human 

promyelocytic cell line, has previously been used to cultivate another granulocyte-infecting 

pathogen, Anaplasma phagocytophilum (Goodman et al. 1996), but thus far, attempts to 

culture E. ewingii in this same cell line have been unsuccessful (Anderson et al. 1992). 

Attempts have also been made using a canine monocytic cell line (DH82) (Anderson et al. 

1992) and tick cell lines (ISE6) (Yabsley et al. 2011), both of which have been used to 

culture other Ehrlichia spp. The majority of these attempts have used small amounts of 

blood or buffy coat from infected animals, usually dogs. Goats are competent laboratory 

reservoirs of E. ewingii, readily becoming ill when infested with very few infected ticks, and 

have the advantage of providing a larger volume of blood than smaller animals (Loftis et al. 

2008). Goats are also refractory to infection with E. chaffeensis preventing coinfection 

concerns when using wild ticks that may contain both pathogens (Loftis et al. 2008). The 

purpose of this study was to evaluate the suitability of infected goat blood and different cell 

lines for the propagation of E. ewingii.

Materials and Methods

A list of cell lines and media formulations used in this study is shown in Table 1. Cell lines 

were chosen based on host reservoir status, the target cell type, or previous use in the culture 

of other Ehrlichia spp.

To obtain infected blood for culture isolation,~100 adult A. americanum were fed on each of 

two 1-year old goats (one each in 2011 and 2013) as previously described for rabbits 

(Troughton and Levin 2007). Ticks were collected from the vegetation at the Rum Creek 

Wildlife Management Area (WMA) in Forsyth, GA. This field site had been sampled 

multiple times from 2009 to 2011 with a mean E. ewingii infection prevalence of 3.9% in 

adult ticks (Killmaster et al. 2014). The tick-infested goats were monitored for clinical signs 

of infection, and blood and sera were collected every other day for polymerase chain 

reaction (PCR) and indirect fluorescent antibody test (IFA). Once goats became febrile and 

PCR positive for E. ewingii, ~80mL of heparinized blood was collected from each infected 

goat for the following 2 weeks. Blood was centrifuged at 1000 g for 20 min, and the buffy 

coat was removed and either inoculated immediately into cell culture or frozen in liquid 

nitrogen. Two methods of cryopreservation were used: fetal bovine serum with 10% DMSO 

and Sucrose Phosphate Glutamate solution (Eremeeva and Dasch 2015), supplemented with 

0.005M MgCl2·6H2O and Renografin (13.6 mL/L). Cells in six-well plates were inoculated 
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with 0.7mL of buffy coat per well. Cells in 25 cm2 flasks were inoculated with 1–2mL of 

buffy coat. Cultures were placed in an incubator overnight, and inoculums were removed 

and replaced with fresh media the following morning.

Cell lines were obtained from the American Type Culture Collection, with the exception of 

the AAE2 cells, which were generously provided by Dr. Uli Munderloh. Most cultures were 

maintained at 37°C with 5% CO2, and media were changed twice weekly. AAE2 cells were 

kept at 34°C and in a microaerophilic environment. Cell cultures were monitored by PCR 

and microscopy, using both an immunofluorescence assay and Diff-Quik staining for 

observation of morulae. PCR was performed using a qPCR assay with primers targeting the 

16s rRNA gene of Anaplasmataceae, as previously described (Karpathy et al. 2016). All 

tests were performed with 0.2–0.5 mL of cells either resuspended in media or scraped from 

the monolayer. Due to low levels of infection, the use of supernatant to monitor cultures was 

not reliable.

Blood of goats fed upon by wild ticks was tested by PCR for a variety of A. americanum-

borne pathogens (Killmaster et al. 2014) and found to be positive only for E. ewingii. Sera 

from two dogs and two goats, which seroconverted to Ehrlichia in previous E. ewingii 
transmission trials, were used as the primary antibody for the IFA. FITC-labeled goat or dog 

conjugates (KPL) were used for secondary antibodies. Blood samples from all four animals 

were also tested using a multiplex PCR assay for Rickettsia spp., E. chaffeensis, and E. 
ewingii, as well as by nested PCR for the Panola Mountain Ehrlichia, and found positive 

only for E. ewingii..

Results and Discussion

Under the conditions described above, most of the cell lines used (Table 1) were not 

permissive to E. ewingii infection. E. ewingii DNA was detectable in the KG-1 cell line for 

up to 4 weeks postinoculation and in the Thp-1 cell line for up to 6 weeks, but morulae were 

not observed in either cell line upon microscopic examination. The HL60 cell line was able 

to maintain the bacteria for 16 weeks, as evidenced by DNA detection and observance of 

morulae by both staining methods. During this time, the amount of E. ewingii in the cultures 

hovered around the threshold of detection for the PCR assay, cycling between positive and 

negative with higher Ct values (37–40). Morulae were observed in less than 0.1% of cells, 

and multiple morulae in a single cell were not seen. In subsequent experiments, 1.5% 

DMSO was added to medium at 9 weeks postinoculation to induce differentiation of 

promyelocytic HL60s into partially or fully differentiated neutrophils. After addition of 

DMSO, E. ewingii began to proliferate at more sustainable levels for a short period of time 

(up to 2–4 weeks) before the cells and/or bacteria died. During that time period, Ct values 

decreased from >39 cycles to 30–36 cycles, indicating a 10- to 100-fold increase in the 

concentration of target DNA. The differentiated cultures were passaged weekly (2–4 times) 

and morulae were observed in ~1% of cells using Diff-Quik stain (Fig. 1A). Morulae were 

also visualized by IFA using sera from dogs and goats previously infected with E. ewingii 
(Fig. 1B). The morulae were seen in both differentiated neutrophils and in cells which did 

not appear differentiated. However, it is difficult to assess whether the latter cells was indeed 

in the early stages of the differentiation process. In addition, viable E. ewingii was 
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recovered, from buffy coat stocks with low levels of infection that had been frozen for 2 

years in liquid nitrogen from previous experiments. The cultures were positive by PCR for 

only 3 weeks, with steadily increasing Ct values, after removal from liquid nitrogen.With the 

addition of DMSO to the culture medium, the amount of E. ewingii in these flasks rose again 

to detectable levels by PCR within a few days and DNA was detected for an additional 3 

weeks.

In this study, we present the initial phase of isolation of a previously uncultivated organism, 

although much remains to be done to optimize propagation of E. ewingii in vitro. Naive 

goats must be inoculated with cultures to verify the organism’s virulence and pathogenicity 

after in vitro propagation. Differentiation of cells in immortal lines leads to cell types that 

will eventually cease to replicate, causing culture death. Neutrophils can also release 

granules into cultures upon apoptosis, creating a toxic environment for replicating cells. 

Induction of differentiation should be explored further, given the initial promising results, 

but should be undertaken with careful observation of cells to prevent the rapid loss of 

cultures. Although this study was not able to produce an optimized protocol for long-term 

growth of E. ewingii in vitro, we were able to demonstrate the first in vitro propagation of 

the agent. Given the positive IFA results from the HL60 cell line, the amount of E. ewingii 
produced is sufficient for limited antigen production—enough, perhaps, to be used to 

generate IFA control antigens. It is our hope that researchers will be able to use these results 

to develop a continuous culture for the maintenance and propagation of E. ewingii in vitro 

and, thereby, expand our diagnostic capabilities and research opportunities for this pathogen.

Acknowledgments

The authors are grateful to Dr. Uli Munderloh for her help, advice, and encouragement throughout the years of trials 
and disappointments. The authors also thank Dr. S. Karpathy, Dr. C. Paddock, G. Zemtsova, and A. Snellgrove for 
their contribution.

References

Anderson BE, Greene CE, Jones DC, Dawson JE. Ehrlichia ewingii sp. nov., the etiologic agent of 
canine granulocytic ehrlichiosis. Int J Syst Bacteriol. 1992; 42:299–302. [PubMed: 1581189] 

Anziani OS, Ewing SA, Barker RW. Experimental transmission of a granulocytic form of the tribe 
Ehrlichieae by Dermacentor variabilis and Amblyomma americanum to dogs. Am J Vet Res. 1990; 
51:929–931. [PubMed: 2368951] 

Buller RS, Arens M, Hmiel SP, Paddock CD, et al. Ehrlichia ewingii, a newly recognized agent of 
human ehrlichiosis. N Engl J Med. 1999; 341:148–155. [PubMed: 10403852] 

Cohen SB, Yabsley MJ, Freye JD, Dunlap BG, et al. Prevalence of Ehrlichia chaffeensis and Ehrlichia 
ewingii in Ticks from Tennessee. Vector Borne Zoonotic Dis. 2010; 10:435–440. [PubMed: 
19877819] 

Eremeeva M, Dasch GA. Challenges posed by tick-borne rickettsiae: eco-epidemiology and public 
health implications. Front Public Health. 2015; 3:55. [PubMed: 25954738] 

Ewing SA, Roberson WR, Buckner RG, Hayat CS. A new strain of Ehrlichia canis. J Am Vet Med 
Assoc. 1971; 159:1771–1774. [PubMed: 5128792] 

Goodman JL, Nelson C, Vitale B, Madigan JE, et al. Direct cultivation of the causative agent of human 
granulocytic ehrlichiosis. N Engl J Med. 1996; 334:209–215. [PubMed: 8531996] 

Karpathy SE, Allerdice ME, Sheth M, Dasch GA, et al. Co-feeding transmission of the Ehrlichia 
muris-like agent (EMLA) to mice (Mus musculus). Vector Borne Zoonotic Dis. 2016; 16:145–150. 
[PubMed: 26824725] 

Killmaster and Levin Page 4

Vector Borne Zoonotic Dis. Author manuscript; available in PMC 2017 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Killmaster LF, Loftis AD, Zemtsova GE, Levin ML. Detection of bacterial agents in Amblyomma 
americanum (acari: ix-odidae) from Georgia, USA, and the use of a multiplex assay to differentiate 
Ehrlichia chaffeensis and Ehrlichia ewingii. J Med Entomol. 2014; 51:868–872. [PubMed: 
25118421] 

Loftis AD, Levin ML, Spurlock JP. Two USA Ehrlichia spp. cause febrile illness in goats. Vet 
Microbiol. 2008; 130:398–402. [PubMed: 18328644] 

Long SW, Pound JM, Yu X. Ehrlichia prevalence in Amblyomma americanum. Central Texas. Emerg 
Infect Dis. 2004; 10:1342–1343. [PubMed: 15338551] 

Mixson TR, Campbell SR, Gill JS, Ginsberg HS, et al. Prevalence of Ehrlichia, Borrelia, and 
Rickettsial agents in Amblyomma americanum (Acari: Ixodidae) collected from nine states. J Med 
Entomol. 2006; 43:1261–1268. [PubMed: 17162962] 

Munderloh UG, Kurtti TJ. Formulation of medium for tick cell culture. Exp Appl Acarol. 1989; 7:219–
229. [PubMed: 2766897] 

Steiert JG, Gilfoy F. Infection rates of Amblyomma americanum and Dermacentor variabilis by 
Ehrlichia chaffeensis and Ehrlichia ewingii in southwest Missouri. Vector Borne Zoonotic Dis. 
2002; 2:53–60. [PubMed: 12653298] 

Stockham SL, Schmidt DA, Tyler JW. Canine granulocytic ehrlichiosis in dogs from central Missouri: 
a possible cause of polyarthritis. Vet Med Rev. 1985; 6:3–5.

Troughton DR, Levin ML. Life cycles of seven ixodid tick species (Acari: Ixodidae) under 
standardized laboratory conditions. J Med Entomol. 2007; 44:732–740. [PubMed: 17915502] 

Wolf L, McPherson T, Harrison B, Engber B, et al. Prevalence of Ehrlichia ewingii in Amblyomma 
americanum in North Carolina. J Clin Microbiol. 2000; 38:2795. [PubMed: 10979750] 

Yabsley MJ, Adams DS, O’Connor TP, Chandrashekar R, et al. Experimental primary and secondary 
infections of domestic dogs with Ehrlichia ewingii. Vet Microbiol. 2011; 150:315–321. [PubMed: 
21397411] 

Yabsley MJ, Varela AS, Tate CM, Dugan VG, et al. Ehrlichia ewingii infection in white-tailed deer 
(Odocoileus virginianus). Emerg Infect Dis. 2002; 8:668–671. [PubMed: 12095432] 

Killmaster and Levin Page 5

Vector Borne Zoonotic Dis. Author manuscript; available in PMC 2017 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIG. 1. 
Ehrlichia ewingii morulae visualized in differentiated HL60 cells using Diff-Quik staining 

(A) and IFA (B). IFA, indirect fluorescent antibody test.
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Table 1

Cell Lines Used in Attempts for In Vitro Isolation of Ehrlichia ewingii and Their Suitability

Cell line Cell type Mediaa
Cell-line suitability
for E. ewingii

DH82 Canine macrophage like MEM NS

MDCK Canine kidney epithelium MEM NS

RF/6A Rhesus macaque corneal endothelium MEM NS

OHH1.K Black-tailed deer kidney fibroblast MEM NS

OHH1.Li Black-tailed deer liver epithelium DMEM NS

AAE2 Amblyomma americanum tick embryo Tick Cell Medium NS

K562 Human bone marrow lymphoblast IMDM NS

KG-1 Human bone marrow macrophage IMDM Persistence for up to 4 weeks

Thp-1 Human monocyte IMDM +0.05 mM 2-
mercaptoethanol

Persistence for up to 6 weeks

HL60 Human promyeloblast IMDM Persistence for up to 16 weeks

Promyeloblast/Neutrophil IMDM +1.5% DMSO Increases in E. ewingii followed by death of 
cultures in 2–4 weeks

a
See Table 2 for media descriptions.

NS, not suitable.
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Table 2

Media Formulations

Medium name Medium formulation

IMDM Iscove’s modified Dulbecco’s medium, 10% FBS, 8 mM L-glutamine

MEM Eagle’s minimum essential medium w/Earle salts, 10% FBS, 1 mM sodium pyruvate, 2 mM L-glutamine, 10 mM HEPES, 
0.1 mM NEAA

DMEM Dulbecco’s modified Eagle’s medium, 10% FBS, 4 mM L-glutamine, 1 mM sodium pyruvate

Tick cell medium L15B/L15B300 as previously published (Munderloh and Kurtti 1989) with modifications advised by Munderloh

FBS, fetal bovine serum.
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