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Development of a dot ELISA for the detection of human antibodies
to ehrlichiae

HELENE PAXTON AND BARBARA HANSON
. Integrated Diagnostics, Inc., Baltimore, Maryland

INTRODUCTION
The family Rickettsiaceae includes several arthropod-borne, obligately intracell-

~ ular bacteria (including the genera Rickettsia, Orientia, Coxiella, and Ehrlichia)

which are significant human pathogens with wide geographic distribution. They
cause acute febrile diseases which often are self-limiting but which can have long-
term sequelae or be fatal if not treated. The true incidence of rickettsial and ehrlichi-
al diseases is vastly underrated because they often are not diagnosed or are misdiag-
nosed (27; 44). Most of these diseases are zoonoses, with animals serving as hosts for
the arthropod vectors, thereby amplifying rickettsial or ehrlichial growth and en-
hancing their distribution. Diseases caused by the Rickettsiaceae have a wide impact
in many regions of the world; some have been recognized for hundreds of years
while the significance of others, such as the ehrlichiae, is just emerging.

Identifying outbreaks of rickettsial and ehrlichial diseases is important to both
their prevention and treatment. Unlike free-living bacteria, however, isolation of
these infectious agents from human patients is expensive, time-consuming, and re-
quires special facilities for handling hazardous organisms. Identification by PCR of
rickettsiae and ehrlichiae in tissues requires expertise beyond the scope of clinical di-
agnostic laboratories. For these reasons, serological diagnosis, although generally
retrospective, is usually preferred, and the serological method of choice is often the
indirect fluorescent antibody (IFA) assay. Although the IFA test is considered sensi-
tive and accurate, the source of antigen slides can be problematic, and reading the re-
sults requires a fluorescence microscope and considerable expertise.

To provide a serological test system suitable for easily trained individuals with
no access to special equipment, Integrated Diagnostics (INDX®) has developed a
commercial dot enzyme-linked immunosorbent assay (dot ELISA) for the detection
of antibodies to R. typhi, R. rickettsii, R. conorii, O. tsutsugamushi, and C. burnetii,
among other infectious agents (37, 68, 49, 51, 60, 64, 65, 75). The original DIP-S-
TICKS® format incorporates serial dilutions of purified rickettsial antigen spotted on
nitrocellulose dipsticks (DS) for testing a single dilution of serum. The DS
are passed through a series of 4 reaction cuvettes containing serum diluent, enhanc-
ing solution, enzyme-conjugated anti-human IgG+IgM antibody, and a chromogen-
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ic enzyme substrate. Positive results are read as discrete purplish dots. Although
only a single serum dilution is tested, the antigen concentration detected by the test
serum is proportional to the antibody titer (37, 65, 75) and thus the DS provide a
semi-quantitative assay. The DS tests” advantages lie in their relative rapidity, good
sensitivity and specificity, and the ease with which they can be read. No special
equipment is needed, but the assay must be done at 50°C for optimum turn-around
time and sensitivity. The DS test is especially well suited to unsophisticated settings
such as often octur in developing countries or in military field deployments.

The recognition in the 1990’s of at least 2 new ehrlichia species pathogenic to
humans (1, 3, 11,18, 24, 50) suggested a need for expanding the DS specificity to in-
clude these infectious agents. To explore the feasibility of doing so, it was necessary
first to scale up production and purification of ehrlichiae and then to test the puri-
fied antigens on prototype DS. Methods for ehrlichia culture, purification, and diag-
nosis are still being developed because appreciation of their role in human illness is
so recent. While ehrlichiae were first identified as veterinary pathogens, 3 species
are now recognized as causing human disease: E. chaffeensis, the agent of human
granulocytic ehrlichiosis (HGE), and E. sennetsu; and isolation of an E. canis-related
strain (VHE) from a Venezuelan patient has just been reported (50) (TABLE 1).

Human ehrlichiosis in the U.S. was first suggested by IFA reactions of human
sera with the canine pathogen E. canis. In 1991, an antigenically related but distinct
human isolate was cultured from a mildly ill individual and subsequently designat-
ed E. chaffeensis (Arkansas strain) (1, 18). Other strains have since been isolated (13,
26). E. chaffeensis is monocytotropic and is in the E. canis genogroup. HGE was first
isolated from a human patient in the upper Midwestern U. S. in 1994 (11). It is close-
ly related if not identical to the veterinary pathogens E. phagocytophila and E. equi,
and it is the first granulocytotropic ehrlichia shown to cause disease in humans. E.
sennetsu, identified as a human pathogen in the 1950’s, causes a relatively mild in-
fection so far as known, with symptoms similar to those of infectious mononucleo-
sis. Its known geographic range is restricted to Japan and perhaps parts of Southeast
Asia (55); however, it has not been extensively looked for. E. sennetsu is related to
E. risticii, the agent of Potomac horse fever. :

Similar to other Rickettsiaceae, ehrlichiae are small, double-membraned cocco-
bacilli. Unlike Rickettsia and Orientia species, which grow free in the host cell cyto-
plasm or nucleoplasm, however, ehrlichiae multiply within membrane enclosed
phagocytic vacuoles (2, 43). After individual ehrlichiae enter a cell, they multiply
within the phagosomal wacuole to form membrane-enclosed, densely packed groups
termed morulae. The morulae increase in size over time as the ehrlichiae replicate
and they eventually release their contents of individual organisms which may then
infect other cells. In infected tissue cultures, ehrlichiae apparentlv are released from

intact cells because the percent of cells infected may gradually increase before any loss
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of viable cells is noted; infected cells may contain hundreds of organisms before
bursting. Thus 2 types of ehrlichial inclusions are characteristically seen in infected
cell cultures: individual bacteria and morulae. Ehrlichiosis may be diagnosed in pe-
ripheral blood smears of infected patients by finding characteristic morulae in mon-
ocytes (E. chaffeensis, E. sennetsu) or granulocytes (HGE). However, infected circu-
lating cells may be rare, so the absence of morula-containing cells cannot be used to
rule out infection.

The basis for the in vivo cell tropism of the granulocytic and monocytic ehr-
lichiae is unknown. In tissue culture, however, the monocytotropic ehrlichiae can
be propagated in a variety of primary and continuous cell lines, including fibroblast
as well as monocyte-derived. HGE, on the other hand, has only recently been cul-
tured in vitro (15, 23, 25, 28, 46, 54), mostly in the promyelocytic leukemia HL-60 cell
line. Methods for growing ehrlichiae in cultured cells are similar to those long em-
ployed for rickettsia production. Quantitative aspects of the ehrlichia growth cycle
have not been studied extensively, in part due to the impossibility of counting the
ehrlichiae within morulae and the tedium involved. Nonetheless, from data based
on rough estimations of the number of E. chaffeensis per morula (5), one can ap-
proximate a doubling time of 12 hr, which is in the range of rickettsial generation
times (30, 45, 71, 72). Infectious plaque formation in various cell lines has been re-
ported (9, 14) but not used much as a quantitative assay.

Ehrlichiae have been purified by centrifugation through Renografin (12, 67, 68)
or Percoll (69) density gradients, by centrifugation through Renografin (26) or su-
crose (10) layers, or by passage through Sephacryl S-1000 columns (53). Ehrlichiae
collected from Renografin gradients are still contaminated by host cell debris, how-
ever, and many are still contained within host membrane-bound vacuoles (67, 68).
Presumably, the same is also true for ehrlichiae purified by the other methods.
While organisms purified by the above methods are suitable as antigen for immu-
noblotting (10, 26, 53, 58), which is done after solubilization in SDS, it seems likely
that antigen preparations not thus treated with detergent would have reduced yields
because ehrlichiae within vacuoles should not be accessible to antibody.

Development of a commercial serological assay for anti-ehrlichia antibodies re-
quires first an economical means of producing sizable quantities of purified antigen.
Here we report our progress in developing methodology for the bulk culture and
purification of monocytotropic ehrlichiae and the results of tests performed to eval-
uate ehrlichia antigen suitability for a DS assay using human sera. We found the an-
ti-mitotic drug daunomycin (20, 30) to be useful for inhibiting Vero cell multiplica-
tion without affecting E. chaffeensis replication and determined that certain other
additions to the culture medium did not adversely affect the ehrlichia yield. The
standard procedure for Renografin density gradient purification was also examined
in order to optimize antigen yield. Finally, purified antigen applied to DS was tested
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and found capable of identifying anti-ehrlichia antibodies in human convalescent
sera. The results indicate the feasibility of producing ehrlichia-specific DS satisfactory
for extensive field testing of sensitivity and specificity. These should provide a rapid,
field-deployable, and more easily performed and read alternative to IFA.

MATERIALS AND METHODS

Cell culture. Vero cells (line CCL81; African green monkey hypodiploid fibro-
blasts) were obtained from the American Type Culture Collection (ATCC; Rockville,
Md.) and maintained in RPMI 1640 medium supplemented with 15 mM N-2-
hydroxyethylpiperazine-N -2-ethanesulfonic acid (HEPES) buffer, 5% fetal bovine se-
rum (FBS), and 2 mM Glutamax I (L-alanyl-L-glutamine, a stable glutamine substi-
tute), all purchased from Life Technologies, Inc., Grand Island, N.Y. (TCM). Other
continuous cell 11nes (also purchased from ATCC) were HEL 299 (CCL 137; human
embryonic lung diploid fibroblasts) and HL-60 (CCL 240; human promyelocytic leu-
kemia cells). These cells were cultured in TCM containing 10% FBS instead of 5%;
the medium for HEL 299 cells also contained 1 mM sodium pyruvate (Life Technol-
ogies). All cultures were incubated at 35 to 37°C in a humidified atmosphere of 5%
CO7 in air.

Ehrlichiae. Ehrlichia sennetsu (Miyayama strain), originally isolated from hu-
man blood in 1953, was purchased from ATCC (VR-367) as a frozen suspension of
infected BS-C-1 cells. Ehrlichia chaffeensis (91HE17 strain), recovered from a severe-
ly ill patient, was kindly provided by J. S. Dumler of Johns Hopkins University Med-
ical Institutions (26). This isolate is very similar to the Arkansas strain both geneti-
cally (99.9% 16S rRNA sequence identity with Arkansas strain 16S rRNA [26]) and
antigenically (although a difference in a nonimmunodominant protein has been
detected with a monoclonal antibody [25]). HGE was obtained from 2 sources: (i) in-
fected horse blood (46) from J. E. Madigan and J. E. Barlough of the University of
California at Davis School of Veterinary Medicine; and (ii) HL-60-grown and puri-
fied ehrlichiae (human isolate 96HE27) from J. S. Dumler (through a materials
transfer agreement).

Ehrlichia cultivation. E. chaffeensis and E. sennetsu were passaged in dauno-

mycin-inhibited Vero cell cultures in 225 cm?2 (T225) culture flasks following the
general method described for passage of rickettsiae (30, 72). Culture flasks containing
heavily infected cells were shaken with glass beads to release the cells into the TCM,
and the cells and TCM were then centrifuged at 12,000 x g for 25 min to pellet the
cells and any free ehrlichiae. The pellets were resuspended in a small volume of
TCM and sonicated briefly (Model 250 sonifier with cuphorn attachment, Branson
Ultrasonics Corp., Danbury, Conn.) to disrupt the cells. This mixture was added to

suspended, uninfected Vero cells (final concentration of 3 x 107 uninfected cells per
ml) and incubated for 1 hr at 35°C with frequent gentle shaking to keep the cells in

This page may contain or refer to proprietary or unpublished data.




Advanced System for Worldwide Surveillance of Rickettsial Disease Antibodies
FINAL REPORT, Phase 1 INTEGRATED DIAGNOSTICS, INC., BALTIMORE, MD

suspension. The ratio of infected to uninfected cells was 1 to 3-10. Following the 1 hr
incubation, the cells were diluted in TCM containing 0.4 pg daunomycin (Sigma

Chemical Co., St. Louis, Mo.) per ml (TCM-D) and seeded into T225 flasks (3 x 107

cells per flask) or tissue culture slides (5 x 104 cells per ml, 0.3 ml per well of an 8-
chamber tissue culture slide ([Nunc, Inc., Naperville, I1l.]). The cultures were fed
with fresh TCM-D every 3-6 days.

The infection was monitored by (i) periodic removal of culture slides for fixa-
tion in methanol and staining with Giemsa or acridine orange and (ii) observation
of the flask cultures for cytopathic effect (CPE). The infected cells were passaged
when CPE was rated 1+ to 3 + on a scale of 1 to 4+, corresponding to detachment of
50-75% of the cells, or when the fixed and stained cells were seen to be very heavily
infected. Optimally, this occurred a day before complete lysis of the cultures, when
nearly 100% of the cells were very heavily infected.

When ehrlichiae were to be frozen instead of passaged directly in fresh Vero
cells, the 12,000 x g pellet (above) was suspended in modified attachment-penetra-
tion medium (BAPG; 10 mM potassium phosphate buffer [pH 7.3], 2 mM L-gluta-
mine or Glutamax I, 45 mM NaCl, 62.5 mM KCl, 10 mM MgClp, 0.05 mM MnCl,,
0.3% [wt/vol] bovine serum albumin [BSA], 0.1% [wt/vol] glucose) (30) at a concen-
tration of 1 T225 flask’s contents per ml and frozen slowly to -100°C.

Ehrlichia and host cell growth studies. To assess the number of Vero cells in
the Giemsa-stained slide cultures, cells in 4 sets of 25 to 50 randomly chosen, 1000x
microscope fields in duplicate cultures were counted and recorded as mean number
of cells per field (30). For ehrlichia quantitation, a minimum of 3 replicates of 100
cells was counted for each time point and condition. To quantitate ehrlichia growth,
culture slides were examined for the presence of morulae or ehrlichiae (number of
morulae plus approximate number of individual organisms); the results were ex-
pressed as (i) percent cells containing morulae or ehrlichiae, (ii) mean number of
morulae or ehrlichiae per cell, (iii) mean number of morulae or ehrlichiae per in-
fected cell, or (iv) mean number of morulae or ehrlichiae per 1000x microscope field
(30, 71, 72). Morulae rather than individual ehrlichiae were often quantitated due to
the inherent difficulty of identifying and counting the latter, but it should be noted
that (i) over time the morulae increase in size as well as in number and (ii) this in-
crease is not accounted for in the overall enumeration. Moreover, just counting
morulae does not account for the accumulation of individual organisms.

Ehrlichia purification. The method for purifying ehrlichiae by Renografin
density gradient centrifugation was based on that used for rickettsiae (31, 33, 45, 66).
Infected Vero cell cultures frozen in BAPG were rapidly thawed, the cells were dis-
rupted by brief sonication, and the ehrlichiae were partially purified by differential
centrifugation. For this purpose, the disrupted cells were centrifuged at 200 x g for 5
min and the supernatant was transferred to a fresh tube. The 200 x g pellet was sus-
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pended in BAPG, resonicated and centrifuged again at 200 x g for 5 min. The second
200 x g supernatant was added to the first and the 200 x g pellet was subjected to a
third round of sonication and centrifugation. The pooled supernatants were centri-
fuged at 12,000 x g for 25 minutes (JA-14 or JA-20 rotor in a Beckman JT-21 centri-
fuge) and resuspended in BAPG; the suspension was kept relatively dilute to foster
separation of ehrlichiae and host cell components (5 ml for each equivalent of 10
T225 flasks of infected cells). The partially purified ehrlichiae were incubated with 10
pg DNase I (15,000 units per mg protein; Sigma) per ml (58, 68, 69). Each 5 ml of sus-
pension was layered over a 3-step 25-ml Renografin gradient made with 19%, 30%,
and 45% Renografin (E. R. Squibb and Sons, Inc., Princeton, N. J.) in BAPG from

which the BSA, glucose and divalent cations had been omitted (APG-). Centrifuga-
tion was at 27,000 x g for 1 hr (SW28 rotor in a Beckman L5-75 ultracentrifuge). Vis-
ible bands were collected at the 19%-30% Renografin interface (equivalent to ricket-
tsial T bands, density 1.15 g per cc [25% Renografin]) and at the 30-45% interface
(equivalent to rickettsial L and H bands, densities 1.20 and 1.23 g per cc, respectively
[35% and 39% Renografin]) (31, 33, 66). The bands were pooled, washed by centrifu-
gation in APG (BAPG without the BSA), suspended finally in APG, and frozen at -
100°C. :

IFA. To make antigen slides, ehrlichia-infected Vero cells were removed from
culture flasks with trypsin-EDTA (Life Technologies), washed, and suspended in

TCM at 5 - 7.5 x 105 cells per ml. The infected cells were dispensed with a repeating
micropipette in 25 ul drops onto teflon-coated glass slides containing 12 6-mm wells.
The slides were then incubated in a well-humidified CO; incubator for 3 hr during

which time the cells attached and spread on the glass. Slides were then rinsed in two
changes of physiologic saline, partially dehydrated in acetone and then fixed in a sec-
ond acetone jar for 10 min at room temperature. After air drying, the slides were
stored in sealed plastic slide boxes containing silica gel dessicant at -100°C.

The slides were tested as instructed by the INDX IFA slide package insert: They
were incubated with sera diluted in PBS for 30 min at room temperature, washed in
PBS, and then exposed to fluorescein isothiocyanate-conjugated anti-human IgM +
IgG antibody for another 30 min at room temperature. After rinsing, the slides were
treated with eriochrome black (INDX) for 2 min, rinsed, and read with a fluores-
cence microscope.

Dot immunoassay. Prototype dot ELISA antigen strips were made according to
standard methods employed at Integrated Diagnostics for the production of DIP-S-
TICKS. The DS format is a nitrocellulose strip with 6 wells to which 1.5 pl of select-
ed antigen dilutions in phosphate buffered saline (PBS) are applied. For develop-
ment purposes, serial 2-fold dilutions of antigen were applied, and the antigen-dot-
ted DS were air-dried, blocked with 13.5% (wt/vol) nonfat dry milk in deionized wa-
ter, rinsed in deionized water, and air-dried again.
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Reagents for testing the DS were supplied by Integrated Diagnostics and the
methodology followed directions packaged with the DIP-S-TICK test kits. Each anti-
gen-coated DS was tested by processing through a series of 4 reaction cuvettes con-
taining 2 ml of (1) test serum diluent plus 10 ul test serum (to give a 1:200 dilution),
(2) “enhancer” solution to enhance removal of extraneous proteins; (3) conjugate
(alkaline phosphatase conjugated goat anti-human IgG [H + L chains] and IgM [u
chain], and (4) developer (alkaline phosphatase substrate 5-bromo-4-chloro-3-indolyl
phosphate and p-nitro blue tetrazolium chloride). Incubation at 50°C in each of the 4
cuvettes was for 5, 5, 15, and 5 minutes respectively, with rinsing in deionized water
between each reaction step. After the final rinse and the DS were dried, positive re-
actions could be seen as purple dots with distinct borders.

Human sera. Immune sera were obtained from confirmed cases of monocytic
and granulocytic ehrlichiosis and donated by Drs. E. Hilton and J. Devoti (Long Is-
land Jewish Medical Center, New Hyde Park, N. Y.) and J. S. Dumler. Ehrlichia anti-
body-negative sera were from a panel provided by Integrated Diagnostics; these in-
cluded sera with antibodies to several other infections (rickettsial, bacterial, viral)
and to autoantigens as well as sera from apparently healthy donors.

RESULTS: PROPAGATION OF EHRLICHIAE

Effect of daunomycin on E. chaffeensis replication in Vero cells. Inhibition of
host cell replication increases the ratio of intracellular bacteria to cells and may lead
to an overall increase in yield of microorganisms. As an alternative to host cell irra-
diation, the eukaryotic inhibitor daunomycin has been used to enhance the produc-
tion of O. tsutsugamushi in cultured cells (30). Although daunomycin does not in-
hibit rickettsial replication (30), it was important to determine if ehrlichial growth
was inhibited or suboptimal in it. As a preliminary step, the lowest inhibitory dose
of daunomycin in uninfected Vero cells was confirmed by suspending the cells in
TCM with different daunomycin concentrations and following their proliferation in
culture slides. It was found that daunomycin concentrations of 0.25 pg per ml or
higher were completely inhibitory under the conditions tested; 0.60 ug per ml ap-
peared to be toxic by day 5 and 0.15 ug per ml inhibited Vero cell replication substan-
tially but not completely (FIGURE 1). As previously described (30), the daunomycin-
treated Vero cells enlarged over time without accumulating the multiple nuclei
which often result from inhibition by irradiation or colchicine and remained
healthy looking.

Next, the effect of daunomycin on ehrlichial replication was examined. Vero
cells were infected in suspension as usual and aliquots were diluted in TCM with or
without antibiotic to give final concentrations of either 0.40, 0.25, 0.10, or no ug dau-
nomycin per ml. Slide cultures were fixed and stained at intervals for assessment of
Vero cell and ehrlichia replication. Because 2 daunomycin concentrations (0.40 and
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0.25 pug per ml) completely inhibited Vero cell replication and had the same effect on
the examined parameters of ehrlichia growth, the results from these 2 concentra-
tions were combined in the final figures. Also for the sake of simplicity, the data
from treatment with 0.10 pg daunomycin per ml were omitted from the figures; its
effect was generally intermediate between the effects of the higher concentrations
and the untreated controls. :

As expected, the Vero cell numbers in the daunomycin-treated cultures re-
mained relatively constant throughout the experiment (FIGURE 2A) while in the ab-
sence of the drug the cells increased 7-fold during the 6 days studied. The data also
show that over this period, infection of Vero cells with E. chaffeensis had no dis-
cernible effect on their response to daunomycin nor on their growth in the absence
of daunomycin (compare FIGURES 1 and 2A).

E. chaffeensis replication in Vero cells followed the same general pattern re-
ported by others. The percent cells infected increased without a discernible lag peri-
od, and the ehrlichiae tended to spread just to neighboring cells, forming foci of in-
fection. As they multiplied within vacuoles, the apparently individual organisms in
early cultures were replaced by morulae of increasing size. By the fifth day post in-
fection the percent cells containing morulae had decreased somewhat (FIGURE 2B);
this coincided with an increase in the percent cells just containing particles which
appeared to be individual ehrlichiae, possibly reflecting maturation and bursting of
morulae and reinfection with individual organisms (FIGURE 2C).

The effect of daunomycin on ehrlichia replication was assessed in several ways:
(i) The percent cells containing morulae was higher in the daunomycin-treated cul-
tures after the first day post-infection (FIGURE 2B) as was the total percent cells infec-
ted (not shown). This might be expected as uninfected cells are continuously added
to the untreated culture due to replication. (ii) The mean number of morulae per
cell was higher in daunomycin-treated cells (FIGURE 2D). (Again, note that the un-
treated cultures contained more cells.) (iii) The average number of morulae per in-
fected cell was similar under both conditions, however (except on day 6 when it was
slightly higher in the treated cultures). This indicates that in any given cell E. chaf-
feensis replication was not substantially affected by daunomycin treatment (FIGURE
2E). (iv) When the total ehrlichia yield per culture was calculated by multiplying the
number of morulae per cell by the number of cells per microscope field, daunomy-
cin was seen to have no effect (FIGURE 2F). Thus the daunomycin treatment did not
alter the replication or yield of ehrlichiae but it did increase significantly the ratio of
ehrlichiae to cells. This should significantly aid in the purification of the organisms.
The morula doubling time in this experiment was calculated by regression analysis
to be 24 hours.

These results suggested the potential utility of inhibiting ehrlichia-infected HEL
299 and HL-60 cell replication as well, since we were interested in trying to cultivate
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HGE in these lines. To determine the optimum doses for these cell types, both were
treated with various concentrations of daunomycin and their replication was moni-
tored either by counting cells per field (HEL 299 monolayers in chamber slides) or
cells per ml (HL-60 suspension cultures). The minimum dose required for complete
inhibition of HEL 299 cultures was 0.02 yg per ml (FIGURE 3), about a tenth that for
Vero cells and the same as that previously found for P388D1 cells (30). However,

even this low dose was toxic for HL-60 cells; in fact the inhibitory but nontoxic con-
centration range was so narrow (and the cell growth rate so slow) that the use of
daunomycin in these cultures seems unwarranted.

Effect of other TCM components on E. chaffeensis replication in Vero cells. The
dipeptide L-alanyl-L-glutamine (Glutamax I) has been used successfully as a more
stable form of glutamine for culturing a variety of cells (Life Technologies catalog)
including rickettsia-infected Vero cells (32). Particularly because glutamine is a
major energy source for ehrlichiae (67, 68, 69), it was important to see if Glutamax in
TCM also supported ehrlichial replication as well as L-glutamine in daunomycin-in-
hibited Vero cells. For this purpose, Vero cells infected in suspension were centri-
fuged and suspended either in TCM-D or TCM-D containing 2 mM glutamine in-
stead of 2 mM Glutamax before distribution to tissue culture slides (FIGURE 4). In
both media, the percent cells infected (morulae plus individual organisms) in-
creased steadily from the first day after infection (FIGURE 4A). Through day 6 ehr-
lichia replication in glutamine or Glutamax was similar; however, by day 7 the in-
fection was slightly heavier in cells cultured in Glutamax. The slight preferability of
Glutamax to glutamine late in infection was also found in a repeat experiment and
may reflect the greater stability of Glutamax. Glutamax seemed to enhance Vero cell
survival relative to glutamine (FIGURE 4B). Thus when the number of infected cells
per culture was calculated (fraction of cells infected times number of cells) the ehr-
lichia yield in Glutamax was slightly higher throughout the course of infection
(FIGURE 4C). We therefore concluded that substitution of Glutamax for glutamme
was acceptable (and probably preferable).

In similar experiments, the presence of HEPES buffer did not affect the replica-
tion of ehrlichiae (FIGURE 5), nor did it influence the number of cells in the cultures
(not shown).

Serial passage of E. chaffeensis in Vero cells. Some parameters of the serial pas-
sage of E. chaffeensis in daunomycin-inhibited Vero cells were examined in an at-
tempt to optimize the procedure and predict its outcome. Split ratios (number of
new flasks made from each infected flask) ranged from 1 to 10, and infected flasks
were harvested when the CPE (expected to be a rough measure of the level of infec-
tion) was between + 1 and + 3 and/or when nearly 100% of the cells were seen to be
heavily infected. The day of harvest (passage duration) varied from 2 to 11 days. An-
alyzed over the entire observation period (28 serial passages), neither the degree of
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CPE of the inoculum culture nor the split ratio could be used to definitively predict
the subsequent passage day (FIGURE 6A). However, when cultures with split ratios of
2-4 were analyzed, the time between passages did decrease as the passage number in-
creased (FIGURE 6B), suggesting a possible adaptation of E. chaffeensis to replication
in Vero cells.

Cultivation of E. sennetsu in Vero cells. E. sennetsu was well suited for propa-
gation in daunomycin-inhibited Vero cells. One quarter ml of the E. sennetsu from

ATCC was mixed with 1 x 107 Vero cells and put into culture as described in Materi-
als and Methods. About 1% of the cells were initially infected and by day 20 about
half the cells were infected. Microscopy revealed numerous organisms which were
loosely distributed throughout the cytoplasm and which occurred singly and in
small clumps (morulae). The E. sennetsu morulae never became as large and dis-
tinct as the E. chaffeensis morulae. Like E. chaffeensis, E. sennetsu was observed in
the slide cultures as foci of infection, indicating that these ehrlichiae also spread
most readily to neighboring cells. The cells became very heavily infected before
rounding up and eventually detaching from the culture flask. Disruption of heavily
infected cells could be observed microscopically. Through 11 subsequent serial pas-
sages, the mean passage day was 7.0 £ 2.0 (S. D.); there was no evidence of its decreas-
ing with passage number.

Attempts to propagate HGE in cell culture. Following recent reports on the suc-
cessful cultivation of HGE in cell culture (28, 46), we attempted to isolate it in HL-60,
HEL 299, and Vero cells from HGE-infected horse blood. Forty to 50% of the poly-
morphonuclear leukocytes in the inoculum contained 1 or 2 morulae. Both whole
blood and buffy coat cells derived from it were inoculated in various volumes into
HL-60 and Vero cell cultures, following the published procedures. In addition, on
day 11, HGE-exposed HL-60 cells were added to HEL-299 monolayers to see if an in-
fection could be transferred to the latter. About a week after exposure to leukocytes
or HGE-exposed HL-60 cells, the monolayer Vero and HEL 299 cultures were treated
with the appropriate daunomycin concentrations so that they could be maintained
in healthy condition; the HL-60 cultures were not exposed to daunomycin. All cul-
tures were fed regularly and counted and subcultured (HL-60 cells) or examined for
any CPE (monolayer cultures). Tissue culture slide monolayer cultures or HL-60
smears were stained at intervals with Giemsa or acridine orange to look directly for
organisms.

After 8 weeks in culture, ehrlichiae could not be detected in HL-60 cells by acrid-
ine orange staining or by immunofluorescent staining with anti-HGE human anti-
sera. The HGE-exposed HL-60 cell cultures continued to replicate, although at a
slightly lower rate than uninfected control HL-60 cells at first. Likewise, there was no
evidence of HGE infection of either the Vero or HEL 299 cell cultures; both types re-
mained healthy-looking monolayers and no morulae were observed after staining
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with either Giemsa or acridine orange.

RESULTS: PURIFICATION OF EHRLICHIAE

Purification of E. chaffeensis in Renografin density gradients. Three-step Reno-
grafin density gradient centrifugation of partially purified E. chaffeensis resulted in 3
sharp ehrlichia-containing bands comparable in amount to those regularly obtained
with rickettsiae. Thus visual inspection indicated that the ehrlichia yield was rea-
sonable and the use of a 3-step gradient was satisfactory. However, microscopic ex-
amination of Giemsa-stained smears revealed the presence of amorphous material
of undetermined (probably host) origin as well as of apparently intact, mostly indi-
vidual, ehrlichiae in each fraction.

In an attempt to release more E. chaffeensis antigen from host cell material, we
varied our methods of cell breakage before continuing with differential and then
Renografin density gradient centrifugation. A crude way to evaluate the separation
of rickettsiae and host components is to observe the relative amounts of material in
each band, since the top T band contains a higher proportion of contaminating cell
membranes than the L (light) or H (heavy) bands (31, 33, 66). Therefore, we com-
pared the amounts of T and H+L bands during each ehrlichia gradient centrifuga-
tion. Disrupting similar pools of thawed, infected Vero cells by sonication or Dounce
homogenization showed that the former procedure was more effective in terms of
both (i) the proportion of H+L to T band (better purified to less purified) material
and (ii) the yield of antigen as determined by DS titration of H+L band material.
Thus, while the ratio of material in the H+L bands as compared to that in the T
bands was 2-3 to 1 after sonic disruption, it was only about 1 to 1 after Dounce ho-
mogenization. Moreover, the relative yield of antigen (DS antigen titer times total
volume) was about 3 times higher after sonication than after milder homogeniza-
tion.

Preliminary Renografin gradient centrifugation of partially purified E. chaf-
feensis not treated with DNase resulted in the presence of abundant stringy material
which interfered with collection of the ehrlichia bands. Digestion of the partially pu-
rified ehrlichiae with DNase I (15,000 units per mg protein) prevented this compli-
cation, as has been noted by others. Varying the DNase concentration between 10
and 200 pg per ml did not alter its beneficial effect; therefore, the lowest concentra-
tion was adopted in the final procedure. In addition, digesting the suspension just
prior to loading it on gradients was as satisfactory as DNase treatment before the dif-
ferential centrifugation step.

Because most investigators use a sucrose-based Renografin and ehrlichia dilu-
ent (sucrose-phosphate-glutamine; SPGn or SPK-GN) (26, 68, 69), we performed one
purification comparing SPGn and the AP buffer system, which is the diluent used at
INDX for purifying rickettsiae. The ehrlichiae banded similarly in both diluents and
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the antigen yields in each gradient were identical.
Triton X-100 (TX), in the presence of MgCly, has been effective in separating O.

tsutsugamushi from infected Vero cell material without disrupting all the rickettsial
particles (31). To see if this procedure could be applied to ehrlichiae, a 200 x g pellet
(intact cells, nuclei, cell debris) obtained from sonically disrupted E. chaffeensis-in-
fected Vero cells was divided into 2 equal aliquots and treated with either 1% or
0.1%TX in HEPES-buffered 10 mM MgCly. The pellets obtained by subsequent centri-

fugation at 12,000 x g were washed, diluted in PBS, and titered on DS. Extraction in
1% TX yielded just a small amount of antigen, but the titer of particulate antigen ex-
tracted by 0.1% TX was substantial even though the starting material was a cell resi-
due fraction from which a significant amount of ehrlichiae had already been re-
moved. The potential for removing more antigen from infected cells by mild deter-
gent treatment will be investigated further.

RESULTS: ANTIGEN ACTIVITY

Effect of sonication and detergent treatments of purified ehrlichiae on antigen
activity. Because some ehrlichiae are still membrane-bound after the Renografin
density gradient purification (67, 68), we attempted to disrupt any such vesicles eith-
er by extensive sonication of Renografin-purified ehrlichiae (H+L band) or detergent
treatment to see if this would enhance their antigenicity. After sonication for 1, 2, or
4 minutes, the antigen was serially diluted, spotted on DS, and tested with antiser-
um. Sonication under these conditions did not increase antigen titers.

Two detergents were used in an attempt to expose more ehrlichial antigenic de-
terminants: (i) SDS was tried with the knowledge that many ehrlichial antigens are
stable in 2% SDS when tested by immunoblotting. (ii) TX, a much milder detergent,
has been useful in extracting many (including rickettsial) antigens (21, 29, 34). Treat-
ment was by two methods: Either (i) different amounts of detergent were incorpo-
rated into the antigen dilution buffer before application to DS or (ii) antigens were
preexposed briefly to detergent and then diluted out in buffer only. None of these
procedures significantly enhanced the antigen titers (FIGURE 7). Either type of treat-
ment with SDS was inhibitory, the presence of SDS in the dilution buffer being
more so. The inclusion of TX in the dilution buffer also inhibited antigen activity;
this may have been due to interference with antigen binding to the nitrocellulose
strips, since brief exposure to TX before dilution in PBS did not affect subsequent an-
tigen activity.

RESULTS: DIPSTICK EVALUATION
Evaluation of antigen strength and suitability. E. chaffeensis and HGE DS made
with serial antigen dilutions were tested with a panel of sera from ehrlichiosis-con-
firmed patients, presumed normal donors, and individuals with a variety of other
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disease states. The results demonstrate the feasibility of using DS to detect ehrlichia-
specific antibodies (TABLES 1 and 2). All 7 of the anti-E. chaffeensis sera reacted to one
degree or another with the E. chaffeensis DS, while only 3 of the 5 anti-HGE sera did
(TABLE 1). All of the anti-HGE sera reacted with the HGE DS, again to various ext-
ents, and 5 of the 7 anti-E. chaffeensis sera did also (TABLE 1). The cross reactivity bet-
ween the 2 ehrlichial species conforms to that observed by us and others with IFA.
None of the 4 control sera from presumed healthy donors gave positive reactions
with either species of DS (TABLE 1). Most of the 13 disease-state sera tested were nega-
tive with both E. chaffeensis and HGE DS (TABLE 2); 3 (anti-Rickettsia conorii, anti-
Borrelia burgdorferi, and anti-DNA) reacted with HGE DS. The extent to which
these represent properties of the particular antiserum (e.g. reflecting a dual infec-
tion?) remains to be determined.

Preliminary evaluation of antigen specificity. To test ehrlichia DS stability, they
are stored at ambient temperature and tested periodically. After 10 weeks there was
no drop in E. chaffeensis antigen titer; long-term stability testing of these and HGE
DS is ongoing.

DISCUSSION

Our ultimate goal is to produce and use purified antigen from E. chaffeensis, E.
sennetsu, and HGE. The methodology borrowed from rickettsia procedures and re-
fined in the present study seems seems generally applicable to all 3 species; despite
our initial failure to cultivate HGE in HL-60, Vero, or HEL 299 cells, it has been
grown this year by other investigators in HL-60 cells (15, 22, 23, 28, 54), and we will
try again to do so in collaboration with Dr. Dumler. The HGE and E. chaffeensis an-
tigens were purified by centrifugation through 30% Renografin (26) and 3-step Re-
nografin density gradients, respectively. Similar purification of E. sennetsu on Re-
nografin gradients should be straightforward, as it has already been carefully docu-
mented (67, 68). Thus we foresee no problem in producing satisfactory DS with the -
E. sennetsu we have already grown.

Our observations of monocytotropic ehrlichia replication in Vero cells conform
generally to those made by others. E. chaffeensis and E. sennetsu have been cultured
in a variety of cell lines, including, in the case of E. chaffeensis, Vero cell monolay-
ers (9, 14). Therefore it was not surprising that E. sennetsu grew well in Vero cells
too. We confirmed the gradual spread of ehrlichiae from cell to cell before any no-
ticeable cell lysis and the formation of foci of infection in the cultures (9, 14). E. chaf-
feensis spread among daunomycin-inhibited Vero cells at about the same rate re-
ported by Dumler et al. for the same isolate in HL-60 cells (26). Chen et al. (14) ob-
served that the foci of E. chaffeensis infection of irradiated Vero cells contained a
mixture of infected and uninfected cells and suggested that these cells are heteroge-
neous in their capacity to support E. chaffeensis growth. We, however, regularly
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found 100% of Vero cells could be infected with either species when it was con-
firmed that no host cell proliferation occurred.

As is the case with rickettsiae (30, 32), the eukaryotic anti-mitotic drug dauno-
mycin proved to be very useful in inhibiting host cell growth while not affecting E.
chaffeensis replication. Holding the number of host cells constant increased the per-
cent cells infected, thereby avoiding unnecessary dilution of ehrlichia antigen with
host material. This effect has also been noted with E. chaffeensis in phorbol myristic
acid-inhibited THP-1 cells (5), and others have irradiated cells before E. chaffeensis
infection (14). Inhibiting host cells with daunomycin has advantages over irradia- .
tion in that it does not require expensive, hazardous equipment and doesn’t cause
the formation of multinucleated cells which may interfere with the microscopic rec-
ognition of intracellular bacteria (30). We have been able maintain healthy-looking
Vero and HEL 299 cell monolayers for months in daunomycin-containing medium;
this can be especially helpful when ehrlichia isolates are being adapted to tissue cul-
ture. Although the effect of daunomycin on proliferation of E. sennetsu in Vero
cells was not systematically studied, these ehrlichiae grew at expected rates during
treatment of infected cultures. The need to calibrate each cell line for effective dau-
nomycin dose (30), confirmed in these studies, must be emphasized.

E. chaffeensis replication in cultured cells is susceptible to the buffering system
and concentration of glutamine (26), which is a major ehrlichial energy source (67,
68, 69) as well as a vital nutrient for the cells. Successful substitution of Glutamax for
glutamine provides a more stable medium component which may enhance long-
term culture. Bolstering the sodium bicarbonate buffer system with HEPES had no
effect on ehrlichia growth and no apparent effect on culture pH in the CO; incuba-

tor; its benefit lies in the extra buffering capacity outside the incubator, such as dur-
ing the infection of suspended cells in a water bath. Neither of these changes to stan-
dard culture media have affected the replication of spotted fever, typhus, or scrub
typhus rickettsiae either (30, 32).

Both E. chaffeensis and E. sennetsu can now be readily passaged in Vero cells.
With the procedures employed, it is possible to infect 100% of the cells initially and
to thereby synchronize the growth cycle; this maximizes the yield and shortens the
passage duration. E. chaffeensis appeared to adapt to growth in Vero cells because
the day of harvest (just before it was anticipated the cells would disrupt) decreased
for the last several passages when the data for similar split ratios were examined.
The E. chaffeensis growth studies described in Figures 2, 4, and 5 were done with
ehrlichia Vero cell passage numbers 9 and 13; growth curves of early- and late-pas-
sage ehrlichiae have not been systematically compared to see if this is a true adapta-
tion.

Purification of ehrlichiae by centrifugation through Renografin density gradi-
ents is less complete than that of similarly processed rickettsiae (16, 17, 66, 67, 68), but
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no other method has been shown to be more effective. In the present study, Reno-
grafin purification provided satisfactory antigen for identifying ehrlichia-specific an-
tibodies. Compared to rickettsial antigen production (32), however, the ehrlichial
antigen yields from the gradients were disappointing. This was at least partly due to
the retention of a lot of ehrlichiae in bands above the H+L bands and also in the 200
x g pellet fraction usually discarded in the pre-Renografin, partial purification stage.
TX was used to try to separate ehrlichiae from Vero cell material. Under appropriate
conditions, this detergent selectively permeabilizes cytoplasmic membranes, leaving
gram-negative bacterial outer membranes and eukaryotic nuclear membranes intact
(8, 34, 39, 56, 57). (Its effect on cytoplasmic membranes should be less important in
the current context since immunodominant bacterial antigens are generally in the
outer membrane.) In studies with O. tsutsugamushi, the Orientia/Rickettsia species
most sensitive to detergent extraction (29, 31) and most difficult to purify, treatment
of the organisms with 1% TX in 10 mM phosphate or HEPES buffer and 10 mM Mg-
Clp was useful in removing extraneous material without an unacceptable loss of an-

tigenic activity. As long as MgCl, was present, the major protein antigens remained

primarily with a particulate rickettsial fraction recoverable either by high speed cen-
trifugation or by sedimenting as H bands in Renografin gradients (29, 31). In con-
trast, Vero cell proteins were completely released by this treatment. In the present
investigation, treating the 200 x g fraction obtained after sonic disruption of most of
the infected cells with 0.1% TX in 10 mM MgCl, effected extraction of a considerable
amount of additional antigen. This finding will be pursued as we continue to try to
optimize antigen yields.

Previous studies with O. tsutsugamushi also showed that the BAP buffer sys-
tem was superior to the common rickettsia sucrose-phosphate-glutamate (SPG; 7)
diluent in separating rickettsiae from host cell components during Renografin dens-
ity gradient purification; this was manifested by a greater proportion of rickettsiae
sedimenting in H+L bands in BAP than in SPG (31). Such did not seem to be the case
with ehrlichia purification however, suggesting differences in the surface properties
of these organisms.

Selective extraction of host cell membranes in purified antigen preparations
also could remove competing or masking components and thereby enhance ehr-
lichia antigenic reactivity. Attempts to accomplish this by mild detergent treatment
of Renografin-purified antigen were unsuccessful. This failure may have been due
at least in part to detergent interference with antigen binding on the DS. Likewise,
more extensive sonication of the antigen also failed to increase the DS antigen titers.
Retention of antigen activity after washing TX-extracted 1nfected cells (above) still
remains a promising approach to this question.

DS made with purified E. chaffeensis and HGE antigens reacted with anti-ehr-
lichia antisera and not with sera from apparently healthy control serum donors. Not
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unexpectedly, some cross reactivity between the 2 species was noted. Its extent can-
not be assessed without testing more sera, and this is planned in future studies .
which will include comparison of immunoblots as well. The IFA cross reactivity
between E. chaffeensis and HGE in human convalescent sera sometimes noted is
generally accompanied by lower titers to the heterologous species, and it is not
strong enough to warrant use of one as a surrogate antigen for the other (4).

Three of the control sera (1 each of anti-R. conorii, -B. burgdorferi, and -DNA)
also reacted with the HGE DS in our studies. The incidence of such dual reactivity
with DS antigens remains to be determined by testing more sera. However, the lack
of reactivity of the anti-R. rickettsii serum in our experiments supports other find-
ings of no ubiquitous cross reactivity between ehrlichiae and spotted fever group or
other rickettsiae (6, 23, 42, 59, 61, 76). Multispecific reactions of some ehrlichia-posi-
tive sera also may be due to dual infections (6, 19, 42, 47, 48, 62, 73). The potential for
coinfection is supported by the fact that ehrlichiae share tick vectors with other sig-
nificant human pathogens, including Borrelia burgdorferi, R. rickettsii, and Babesia
microti (36,41, 42, 63, 74).

It is possible to overcome some degree of cross reactivity by adjusting the DS
antigen concentrations to exclude false positives. To address this, a larger number of
antisera, ranging from weakly to strongly positive with homologous antigen, will be
tested with homologous and heterologous ehrlichia DS, and the antigen concentra-
tions which best distinguish the sera will be selected for the final DS composition. A
further degree of specificity may be found in early sera by looking only at IgM anti-
bodies (73). These approaches are planned for Phase II of our DS development.

: CONCLUSIONS

Large quantities of E. chaffeensis and E. sennetsu were cultured in Vero cells by
methods similar to those used at Integrated Diagnostics for rickettsia production.
The methodology was validated by demonstrating that (i) ehrlichia replication was
not inhibited by the anti-mitotic drug daunomycin, which is used to prevent host
cell proliferation and thereby increase the yield of organisms per cell; (ii) substitu-
tion of Glutamax for the less stable glutamine in the culture medium did not ad-
versely affect ehrlichia growth; and (iii) inclusion of HEPES in the culture medium
as an additional buffering agent had no effect on ehrlichia propagation. These 2 spe-
cies of rickettsiae have each been serially passaged for a number of times; adaptation
of E. chaffeensis to Vero cells was suggested by our capacity to passage it more rapidly
in later passage cycles, but this was not rigorously confirmed. The knowledge de-
rived from this work permits production of ehrlichiae from 100%, heavily infected
cultures in a predictable manner. During the course of this work the first successful
in vitro cultivation of HGE was reported. Our attempt to isolate HGE from infected
horse blood in cell cultures was unsuccessful; therefore, we ultimately used HL-60
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cell-grown HGE provided by J. S. Dumler (22, 23, 28).

E. chaffeensis was purified by centrifugation through Renografin density gradi-
ents by methods adapted from those used at INDX for rickettsia purification. Anti-
gen yields were maximized by determining the optimum conditions for host cell
disruption and DNase digestion. Two buffer systems (one commonly used for ehr-
lichia purification and the other employed for rickettsia purification at INDX) were
equally effective. Preliminary experiments suggest that treatment of infected cells
with TX may release more ehrlichia antigen and thereby improve the yields. This
possibility is being pursued. The HGE was purified by Dr. Dumler by centrifugation
through a Renografin layer; there is no reason to anticipate any difficulties in puri-
fying this or E. sennetsu by the methodology adapted in our laboratory for E. chaf-
feensis purification.

Antigen activity was tested after application of serial dilutions of purified E.
chaffeensis and HGE onto DS. Based on our customary yields of rickettsia antigen,
ehrlichia antigen titers were lower than anticipated; extensive sonication of the pu-
rified antigen or mild detergent (SDS, TX) treatments were ineffective in increasing
the titers. Nonetheless, the E. chaffeensis and HGE antigen titer and purity were suf-
ficient for producing DS of good quality. DS of both specificities were capable of iden-
tifying ehrlichia-specific antisera. Not unexpectedly, substantial cross reactivity bet-
ween the 2 species was seen in tests with 7 anti-E. chaffeensis and 5 anti-HGE con-
valescent sera. Reactions with 17 control sera were minimal; all were negative ex-
cept for 3 (1 anti-R. conorii, 1 anti-B. burgdorferi, and 1 anti-DNA) that bound to
HGE (but not E. chaffeensis) antigen. The nature of the cross reactions will be ad-
dressed in the next phase of this study.

DS stability tests still underway indicate that the E. chaffeensis DS have retained
full activity after storage at ambient temperature for 10 weeks. The stability assess-
ments of DS of all 3 ehrlichia species will be continued for several months.

This work has demonstrated that ehrlichiae can be economically grown and
purified in quantities sufficient for DS production. Studies showing the effective-
ness of daunomycin and other culture medium components in supporting ehrlichia
growth have been instrumental in this success, and refinement of standard purifica-
tion methods has assured optimum recovery of ehrlichiae from Renografin gradi-
ents. Furthermore, a potential means of obtaining higher antigen yields has been
identified; the usefulness of detergent extraction will be examined further.

The sensitivity and specificity of the ehrlichia antigen DS were sufficient to
warrant further tests. The DS could distinguish ehrlichia-positive antisera from
most other control sera tested. Cross reactions between the ehrlichia species need to
be examined more fully with a much larger number of antisera; this is planned for
Phase II of this study. In addition, the few cross reactions observed between ehrlichia
and other infectious agents will be further explored to determine if they represent
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dual exposures. Phase II will also include fine tuning of the antigen concentrations
to reduce cross reactivity.

In summary, we have proven the feasibility of adding ehrlichia antigens to the
DS we already manufacture to test for antibodies to rickettsiae and other infectious
agents. The next phase of DS development will be to (i) adjust the DS antigen con-
centrations based on tests with a large number of retrospective sera solicited from
clinical field sites, (ii) have the DS tested in regionally appropriate clinical field sites,
and (iii) validate the DS tests by comparisons with IFA results and other methods.
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TABLE 1. Comparison of human ehrlichial pathogens
and selected other Ehrlichia species

EHRLICHIA SIMILARITY2 REFERENCE

E. chaffeensis (E. canis group)

E. canis 98.56 70
E. muris 98.92 70

E. sennetsu (E. sennetsu group)
E. risticii 99.35 70
99.36 52

HGE (E. phagocytophila group)
E. equi 99.8 11
E. phagocytophila 99.9 11

VHE (E. canis group)
E. canis 99.9 50

a  Percent 165 rRNA gene sequence similarity
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TABLE 2. Reactivity of ehrlichia antigen dipsticks with immune and nonimmune human sera.

SERUMA NUMBER OF REACTIVE ANTIGEN DOTSb
NUMBER SPECIFICITY E. CHAFFEENSIS HGE
ECH-1 E. chaffeensis 1 2
ECH-2 E. chaffeensis 3 2
ECH-3 E. chaffeensis 2 3
ECH-4 E. chaffeensis 2 3
ECH-5 E. chaffeensis 2 3
ECH-6 E. chaffeensis 2 0
ECH-7 E. chaffeensis 1 0
EE-1 HGE 1 4
EE-2 " HGE 2 2
EE-3 HGE 0 1
EE-4 HGE 0 2
EE-5 HGE 1 2
AL normal 0 0
SB normal 0 0
BG normal 0 0
JwW normal 0 0

a2 Human sera were tested at 1:200 dilution in standard DIP-S-TICKS assay.

b Dipsticks were made with serial dilutions of antigen; the higher the number of reactive anti-
gen dots, the greater the reaction with serum. Note that the two species of dipsticks contain
different amounts of antigen and should not be compared with each other.
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TABLE 3. Reactivity of ehrlichia antigen dipsticks with disease state and control human sera.

SERUM2 NUMBER OF REACTIVE ANTIGEN DOTSP
NUMBER SPECIFICITY E. CHAFFEENSIS HGE
RR-1 Rickettsia rickettsii 0 0
RC-1 Rickettsia conorii 0 4
RT-1 Rickettsia typhi 0 0
OTs-1 Orientia tsutsugamushi 0 0
Q-1 Couxiella burnetii 0 0
Lyme-1 Borrelia burgdorferi 0 2
DEN-JD flavivirus 0 0
RPR +1 rapid plasma reagin 0 0
RPR +3 rapid plasma reagin 0 0
RPR +4 rapid plasma reagin 0 0
RNP-1 ribonucleoprotein 0 0
Smith-1 Smith antigen 0 0
DNA-1 DNA 0 1
ECH-6 E. chaffeensis 3 1
EE-1 HGE 0 4
AL normal 0 0

a2 Human sera were tested at 1:200 dilution in standard DIP-S-TICKS assay.

b Dipsticks were made with serial dilutions of antigen; the higher the number of reactive anti-
gen dots, the greater the reaction with serum. Note that the two species of dipsticks contain
different amounts of antigen and should not be compared with each other.
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FIGURE 1. Effect of daunomycin on Vero cell replication. Vero cells were mixed
with different concentrations of daunomycin and seeded into culture
slides. Slides were fixed and stained at intervals and the mean number of
cells per 1000X microscope field was calculated from quadruplicate counts
of 25 fields each. Error bars are SE. Results show nontoxic inhibition with
daunomycin at 0.25 — 0.5 pg per ml.
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FIGURE 2. See following page for legend.
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Effect of daunomycin on E. chaffeensis replication in Vero cells. Vero
cells were infected in suspension and then seeded into culture slides in
the presence (0.25 and 0.40 pg per ml results were similar and thus com-
bined) or absence of daunomycin. Slides were fixed daily for enumera-
tion of cells per 1000X microscope field and ehrlichia replication. Vero
cell counts: 8 or 4 replicate counts of 25 random microscope fields each
for treated or untreated cells, respectively. Ehrlichia counts: 6 or 3 repli-
cate counts of 100 cells each for treated or untreated cells, respectively. Er-
ror bars are SE. A. Vero cell replication. B. Percent cells containing moru-
lae. (They may or may not also contain free ehrlichiae.) C. Infection in
daunomycin-treated cells only; percent infected is percent M + percent E.
D. Mean number of morulae per cell. E. Mean number of morulae per
infected cell. F. Mean number of morulae per field: each replicate count
of mean number of morulae per cell was multiplied by mean number of
cells per field.
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FIGURE 3. Effect of daunomycin on HL-60, HEL 299, and Vero cell replication. Cells
were treated on day 0 with different concentrations of daunomycin and
were counted daily. Results are presented as mean number of cells per
ml on day 4 (HL-60) or per 1000X microscope field on day 5 (HEL 299 and
Vero), given as percent of the cell counts on day 0 (HL-60) or day 1 (HEL
299 and Vero). Untreated control values on day 4 or 5 were: HL-60 —
230%; HEL 299 — 630%; Vero — 740%.
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FIGURE 4. Comparison of glutamine (GMINE) and Glutamax (GMAX; L-alanyl-L-glu-
tamine) in support of E. chaffeensis replication in daunomycin-inhibited
Vero cells. Medium was RPMI 1640 containing 0.2% sodium bicarbonate,
5% fetal bovine serum, and either 2 mM Glutamax or 2 mM L-gluta-
mine. Slide cultures were grown at 35°C in an atmosphere of 5% CO3 in
air and were fed with fresh medium on day 6. Bars are SE. A. Percent
cells infected (morulae or individual ehrlichiae). Each point represents
the mean of 3 counts of 100 cells each.
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FIGURE 4.

(continued) B. Mean number of cells per field. Each point is from 4
counts of 25 1000X microscope fields. C. Mean number of infected cells
per 1000X microscope field: fraction of cells infected (triplicate counts of
100 cells) times mean number of cells per field.
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FIGURE 5. Effect of HEPES buffer on the replication of E. chaffeensis in daunomycin
-inhibited Vero cells. Medium was RPMI 1640 containing 0.2% sodium
bicarbonate, 5% fetal bovine serum, either 2 mM Glutamax or 2 mM L-
glutamine, and with or without 15 mM HEPES. Slide cultures were
grown at 35°C in an atmosphere of 5% CO; in air and were fed with fresh
medium on day 6. Each point represents the mean percent cells infected
(morulae or individual ehrlichiae) based on 6 counts of 100 cells each.
Bars are SE. -
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FIGURE 6. Serial passage of E. chaffeensis in daunomycin-inhibited Vero cells. The
passage duration (days after infection that the cultures were passaged)
was determined by CPE and extent of infection observed in Giemsa-
stained cultures. A. Cells were infected at the split ratios (uninfected
flasks made from each infected flask) indicated above each bar. Ehrlichiae
were frozen after the 9th and 15th passages; the passage times after infec-
tion with frozen stocks were considerably longer than with unfrozen or-
ganisms and are not shown. B. Cultures that were infected at a split ratio

of 2-4 to 1 (uninfected to infected flasks) are represented.
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FIGURE7. Effect of TX or SDS on the antigenicity of Renografin-purified E. chaf-
feensis. Ehrlichiae were either diluted in buffer containing the indicated
detergent concentrations or were preexposed to detergent and then seri-
ally diluted in PBS. Antigen was applied to DS and tested with specific
antiserum.
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