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Abstract 

The early antibody response in patients with Human Granulocytic Ehrlichiosis (HGE), and 

in mice infected with the HGE agent, was characterized by using sera to probe lysates of HL-60 

cells infected with HGE organisms. Sera were obtained from 18 patients with HGE, mostly 

within the first 6 weeks of clinical infection, and from mice infected with the HGE agent for up to 

3 weeks. A 44-kDa antigen was reactive with IgG in all 18 patients, and IgG to 40-, 65- and 80-

kDa antigens was present in 6, 8 and 7 of the 18 individuals, respectively. In addition, IgM to 40-

, 44-, 65-, 80-kDa antigens was found in 9, 5, 4 and 4 subjects. Ig to antigens ranging between 

95- and 125-kDa were detected less frequently. HGE-infected C3H/HeJ mice had an antibody 

response that was similar to humans. We conclude that the 40- and 44-kDa proteins of the HGE 

agent elicit early strong antibody responses during infection. Characterization of the antigens 

recognized by antibodies during HGE should aid in diagnosing the infection and in understanding 

the pathogenesis of disease. 

Introduction 

Human Granulocytic Ehrlichiosis (HGE) is an emerging tick-borne infection [1-9, for 

review: 10]. The yet unnamed agent of HGE appears to predominantly infect and survive within 

neutrophils, and can result in fever, headache, myalgia, neutropenia, and in rare cases, death. The 

monocytic form of human ehrlichiosis is caused, in most cases, by Ehrlichia chaffeensis infection 

of monocytes. This disease produces some symptoms similar to HGE, but has a different 

geographic distribution [3, 10, 11]. A wide variety of vertebrates can develop granulocytic 

ehrlichiosis, including horses, sheep and humans. There is ample evidence that the causative 

agents, Ehrlichia equi, Ehrlichia phagocytophila and the agent of HGE, respectively, are very 

closely related based on 16S ribosomal sequences as compared to other Ehrlichia spp. [2]. In 

addition, it has been suggested that infection of a horse with the agent of HGE may confer 

resistance to E. equi [12]. The white-footed mouse (Peromyscus leucopus) may be one of possibly 

several animal reservoirs of the HGE agent, and the vectors have been suggested to be ticks in the 

Ixodes ricinus complex [8, 9]. Humans are infected by the bite of infected ticks, and not 

unexpectedly, the disease is prevalent in regions of the country where Lyme disease and 

babesiosis, other diseases associated with Ixodes ricinus complex ticks, are common [6]. 

The diagnosis of HGE can be difficult. The definitive method is the identification of 

cytoplasmic clusters of organisms (morulae) within neutrophils in the peripheral smear of a patient 
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with suspected disease [1]. However, the search for morulae may be hampered by small numbers 

of infected neutrophils, and is therefore time consuming and can result in false-negative 

assessments of infection. In addition, distinguishing morulae from other cytoplasmic inclusion 

bodies (infectious or not) may pose difficulties in some cases and may lead to false-positive 

results. Direct cultivation of HGE organisms in HL-60 cells has been reported [13] and the 

inoculation of patient blood into mice with the subsequent development of morulae on the 

peripheral blood smear has been demonstrated, but these methods are not yet used for diagnostic 

purposes [9]. PCR analysis based on 16S ribosomal sequence [2], and immunofluorescence using 

E. equi as the antigen [1, 6] have also been used for diagnosis. PCR may, however, be potentially 

fraught with false-positive and false-negative results. Immunofluorescence staining methods using 

E. equi as antigen, have further shown that E. equi, E. phagocytophila and the agent of HGE are 

closely related, since both equine and human sera reacted with the E. equi antigen. In fact, sera 

from HGE patients react prominently against 42-, and 44-kDa E. equi proteins and several other 

antigens on immunoblot [14]. Moreover, false-positive Lyme disease test results can occur in 

HGE, suggesting that cross reactive antibodies between these two pathogens may complicate 

diagnostic testing for both diseases [15]. In addition, some sera containing antibodies against E. 

equi using immunofluorescence may also react with E. chaffeensis antigens, which may hamper 

establishing the diagnosis. Since the delineation of the early humoral response in HGE may aid in 

diagnosing infection and understanding disease pathogenesis, we characterized the development of 

antibodies against HGE organisms during infection. 

Materials and methods 

Cultivation of the HGE agent in HL-60 cells 

The promyelocytic cell line HL-60 (American Type Culture Collection CCL 240) was 

cultured in Iscove's modified Dulbecco's medium supplemented with 20% fetal bovine serum and 

maintained at 37° C with 5% carbon dioxide, as described [13]. Patient's blood was stored at 4° C 

and 50 u.1 of blood was incubated under sterile conditions with 10 ml of HL-60 cells with a density 

of lxlO6 per ml in 70 ml culture flasks. Cell density was maintained between 5xl05 and 1.5xl06 

per ml by feeding the cells twice a week. Usually 5 ml of the culture was removed and discarded 

and an equal amount of fresh medium was added. If the cell count was below 5xl05 per ml, fresh 

HL-60 cells were added to a final concentration of lxlO6 per ml. Light microscopy slides of 

cultured HL-60 cells were air-dried and stained with Diff-Quik (Baxter Healthcare Corp., Miami, 

FL) and examined for morulae. 
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PCR. 

Patient and murine blood was used to prepare genomic DNA by routine DNA extraction 

procedures as described [16]. DNA was dissolved in distilled water. To 50 |xl reaction mixtures 

containing 5 u.1 buffer (lOx), 0.2 mM dNTPs, 1.5 mM MgCl2, 0.5 units Taq polymerase, 100 

pmol of each primer and 2 ul DNA. Primers used were Ehr 521 (5'-TGT AGG CGG TTC GGT 

AAGTTA AAG-3') and Ehr 747 (5'-GCA CTC ATC GTT TAC AGC GTG-3') that amplify the 

region of the 16S ribosomal DNA that distinguishes the agent of HGE from the other ehrlichiae 

[8]. 

Indirect immunofluorescence assay (IFA). 

The patient sera were tested for reactivity to E. chaffeensis and E. equi antigens by IFA 

staining methods as previously described [6, 7]. E. chaffeensis was cultured in DH 82 cells and 

was kindly provided by the Centers for Disease Control (Atlanta, GA). The E. equi antigen (MRK 

strain) was supplied by J. Madigan from the University of California at Davis. Most patients 

diagnosed with HGE reacted positive to E. equi (titers ranging from 1: 80 to 1: 5120) and either 

showed no reactivity or low reactivity to E. chaffeensis. Titers greater or equal to 1:80 were 

considered positive as is described [6]. 

Immunoblot analysis. 

SDS-PAGE separation of protein was performed by using 10% acrylamide gels under 

reducing conditions as previously described [17]. Lysates of HL-60 cultures (5-10 \xg total 

protein), both uninfected, or infected with the NCH-1 strain were dissolved in sample buffer (5% 

2-mercaptoethanol, 10% glycerol, 2% SDS and 0.8% bromophenol blue in 6.25 mM Tris buffer, 

pH 6.8) and heated for 10 min. at 100° C. Molecular mass standards were used for each panel 

(Bio-Rad Laboratories, Hercules, CA). Protein was transferred to nitrocellulose, and the blocking 

procedure was performed in phosphate buffered saline (PBS) with 5% nonfat dry milk. Incubation 

with a 1:100 dilution of human serum or 1:500 dilution of mouse serum, and chemiluminiscent 

detection of bound antibody by using alkaline phosphatase-conjugated F(ab')2 anti-human or anti-

mouse immunoglobulin (M or G) (Sigma, St. Louis, MO) were performed as specified by the 

manufacturer. 

Patient sera. 

Patient sera were collected by physicians collaborating in the Yale-Connecticut Department 

of Public Health emerging infections program and by Dr. S. R. Telford III (Harvard). All patients 

fulfilled the criteria of an acute illness with fever > 38°C, headache, malaise and laboratory 
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findings of leukopenia and/or thrombocytopenia with or without anemia. The patients were all 

diagnosed with HGE based on clinical symptoms and either the identification of morulae in the 

peripheral blood smear or by IFA using E. equi and E. chaffeensis. The time interval between the 

first onset of symptoms and collection of sera samples was recorded in weeks. Sera from healthy 

individuals with no prior history of HGE or Lyme disease were used as controls. Sera from 

patients with a documented infection (identification of morulae and by IFA) with E. chaffeensis, 

were used for immunoblot specificity studies (kindly provided by Dr. J. G. Olson, CDC, Atlanta, 

GA and by the Connecticut State Health Department). These sera were previously documented by 

IFA with positive titers to E. chaffeensis antigen (1:80 or greater) and negative tests for E. equi 

(positive titer is 1:80 or greater). 

Mouse sera. 

A total of twelve C3H/HeJ mice (three to four weeks old), obtained from Jackson 

Laboratories, Bar Harbor, Maine, were exposed to ehrlichia-infected (NCH-1 strain) ticks. The 

NCH-1 strain was maintained by serial passage from infected mice to naive mice by peritoneal 

inoculation of infected anticoagulated blood [9]. Uninfected larval /. scapularis (also known as I. 

dammini) ticks were fed to repletion on infected mice and placed in mesh-covered vials containing 

moist plaster of Paris at room temperature until molting into nymphs. Three weeks after molting, 

five nymphs were used to infect mice. At day 5 after tick feeding, infection was verified by 

collection of blood from the retroorbital sinus and examining blood smears for morulae. Each time 

four mice were sacrificed on days 10, 17 and 24 days after tick feeding and blood was obtained by 

cardiocentesis. Cardiac blood was placed in tubes containing EDTA and plasma was obtained for 

serology testing. Three uninfected mice were used as control that were fed upon by uninfected 

ticks and the mice were examined as in the experimental group. 

Results 

Twenty six serum samples from 18 patients with HGE and 3 sera from healthy volunteers 

(controls) were used to delineate the antigens recognized during infection. All patients diagnosed 

with HGE had the characteristic clinical symptoms, including leukopenia and/or thrombocytopenia 

and either morulae in their peripheral smear neutrophils or were IFA-positive. Representative 

immunoblots of NCH-1-infected HL-60 cells probed with sera are shown in Figure 1, and the data 

are summarized in Table 1. IgG reactivity to a 44-kDa protein were most common, and detected in 
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Figure 1. Representative immunoblots of individual patients' IgM and IgG response to lysates of HGE organisms. 
For patient 4 both IgM and IgG reactivity is shown with the first serum (1 week). Antigens are reactive at 40-, 44-, 
65-, 80-, 94-, 105-, 110-, 115-, and 125-kDa. Some patients' sera also detect smaller size proteins between 29- and 
44-kDa (patient 6, IgM and patient 4, IgG) Lane 1 : Uninfected HL-60 cells. Lane 2: HL-60 infected with the HGE 
agent. M: molecular weight marker (kilodalton). 

all 18 (100%) individuals. IgG directed towards the 40- and 65-kDa antigens were present in 6 

(33%) and 8 (44%) of the 18 patients respectively, while IgG to the 80-kDa protein was present in 

7 (39%) individuals. Eight sera showed reactivity to the 44-kDa antigen only. IgG to antigens 

having molecular weights between 94- and 125-kDa were detected less frequently (94-kDa in 7, 

105-kDa in 6, 110- and 115-kDa in 5 and 125-kDa in 6 patients). Only two acute sera (patient 12 

and 18) failed to react with the 44-kDa antigen with IgG, but both the convalescent sera were 

positive. IgM reactivity was most commonly detected to the 44-kDa protein: 10 (56%) out of 18 

patients. IgM reactivity to the 40- and 65-kDa antigen were present in 5 (28%) and 4 (22%) 

patients respectively, and the 80-kDa protein was also detected in 4 (22%) patients. Seven sera 

recognized only the 44-kDa protein by IgM. The IgM response to larger proteins was less common 

(94-kDa in 4, 105-kDa in 3, 110-kDa in 2, 115-kDa in 4, and 125-kDa in 2 patients). Eleven sera 

did not show any IgM response. When the IgG and IgM results were combined, all sera detected 

one or more ehrlichial antigens. In order to rule out the possibility of cross reactivity with Borrelia 

burgdorferi antigens, all samples were tested for antibodies to B. burgdorferi. Only one patient 

(table 1, patient 18) showed IgG antibodies to three B. burgdorferi proteins (22- {OspC}, 41-

{flagellin} and 68-kDa {HSP}). None of the other sera were able to detect any B. burgdorferi 

antigens by immunoblot (data not shown). 
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Table 1. Immunoblot results of serum samples of HGE patients 1-18. 

Antigens (kDa) detected by immunoblot IFA titer 

IgM IgG E. eaui E. chaff. 
Patient week* 
1 3 Neg 44 320 Neg 
2 3 40, 44, 65, 80, 94, 105, 110, 125 40, 44, 94, 105, 110, 115, 125 2560 1280 

5 40, 44, 65, 94, 110 , 115 40,44, 94, 105, 110, 115, 125 1280 640 
3 I 40, 44, 11: 40,44, 65, 80, 94, 105, 110, 115, 125 640 Neg 
4 1 40, 44, 11' 40, 44, 65, 80, 94, 105, 110, 115 5120 80 

3 40, 44, 65, 80, 94, 110, 115 40, 44, 65, 80, 94, 105, 110, 115, 125 2560 Neg 
5 1 Neg 44, 65 640 ND 
6 6 40, 44, 80, 94, 105 115 40,44, 65, 80, 94, 105, 110, 115, 125 640 Neg 
7 8 Neg 44 320 Neg 
8 4 40, 44, 80, l)4. 105. 115 40, 44, 65, 80, 94, 105, 110, 115, 125 640 80 
9 4 44 44, 65, 105 160 Neg 
10 5 Neg 44 160 Neg 
11 1 

5 
44 
44 

44 
44 

Neg 
80 

Neg 
Neg 

12 I 
5 

44 
44 

Neg 
44,65 

Neg 
80 

Neg 
Neg 

13 1 
5 

Neg 
44,65 

44, 94 
44 

Neg 
80" 

Neg 
160 

14 14 Neg 44, 80 2048 512 
15 1 Neg 44 1024 Neg 
16 1 

11 
Neg 
Neg 

44 
40, 44, 65, 94 

Neg 
256 

64 
128 

17 7 Neg 44, 80 256 512 
18 1 

3 
6 

Neg 
44 
44 

80 
44, 80 
44, 80, 125 

ND 
ND 
ND 

ND 
ND 
ND 

Note. IFA titer > 1:80 was considered positive for patients 1-13; > 1:64 was considered positive for patients 14-17. 
IgG reactivity to44-kDa protein was present in all samples except first sera of patients 12 and 18. Neg, negative; ND, 
not done. 
* After onset of symptoms. 

Two successive serum samples were available from seven patients. Two of these had IgG 

seroconversion to the 44-kDa antigen (patient 12 and 18), while one had IgM reactivity to the 44-

kDa protein in the acute serum (patient 12). For each serum tested a simultaneous control with 

uninfected HL-60 lysate was performed to rule out any reactivity to antigens other than the HGE 

agent. Occasionally, weak reactivity to HL-60 antigens was seen and the intensities of these bands 

were comparable in both the infected and uninfected lanes (fig. 1). Three sera from healthy 

individuals without prior history of HGE or Lyme disease were used as controls. None of the 

control sera detected ehrlichial proteins or B. burgdorferi antigens (data not shown). 

We then evaluated sera from mice infected with HGE organisms to compare the murine and 
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human humoral response. Mice were infected by allowing ehrlichia-infected ticks to feed to 

repletion, and infection was confirmed at 5 days by the appearance of morulae in neutrophils in a 

blood smear. On average, 200 granulocytes were examined and between 8 and 12% had the 

characteristic cytoplasmic inclusions as described [9]. AH mice in the experimental group were 

infected, while none of the control mice were infected. This result was confirmed by PCR (data not 

shown). Mice were sacrificed and blood was collected at 10, 17 and 24 days after challenge. All 

sera had HGE-specific antibodies and the responses were similar within each group. The IgM 

response was assessed at day 10 and 17 by immunoblot (fig. 2). The strongest response was at 

day 10, detecting the 44- and 80-kDa antigens and a larger antigen (115-kDa), whereas the 17 day 

sera identified only the 44-kDa protein. At day 10 an IgG response to the 44-kDa antigen was first 

detected, which then expanded during the course of infection to involve other proteins. At 17 
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Figure 2. A composite of immunoblots using sera from mice infected with the HGE agent. Sera was obtained at 10 
and 17 and 24 days after tick feeding. Lane 1 : Uninfected HL-60 cells. Lane 2: HL-60 cells infected with HGE. M: 
molecular weight marker (kilodalton). 

days IgG to the 44-, 80-, 105-kDa proteins were detected and at day 24 the humoral response was 

directed towards many antigens (fig. 2). All proteins identified with the human sera were also 

detected with all mouse sera, and several additional proteins (25-, 34-, 35-kDa, and some between 

40- and 44-kDa) were recognized by murine antibodies. 

Twenty sera from thirteen patients with documented infection with E. chaffeensis were 

used to further assess the specificity of the immunoblot assay. None of the 40-, 44-, 65-, 80-kDa 

antigens were detected using these sera. Weak reactivity, however, to a 110-kDa ehrlichial antigen 

was detected in one serum sample and another serum sample was reactive to a 120-kDa antigen 

(fig. 3). 
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Figure 3. Immunoblots of HL-60 cells infected with HGE organisms probed with sera from patients with E. 
chaffeensis infection. 

Discussion 

We have delineated the early humoral response to the agent of HGE using sera from 18 

patients with well-defined disease and lysates of HGE infected HL-60 cells as substrate for 

immunoblots. The 44-kDa ehrlichial protein is the most commonly detected antigen. The next 

most frequently identified antigens are 40-, 65-, and 80-kDa. These studies are the first to use the 

HGE agent, isolated from a patient, to identify the immunogenic proteins. Nyindo and colleagues 

showed strong reactivity with a 25- and 45-kDa E. equi protein on immunoblot using antiserum to 

E. equi [18]. Additional but less intense reactivity with 13-, 16-, and 23-kDa proteins was also 

noted. Our results have some similarities with the findings by Dumler and colleagues who used E^ 

equi as antigen for immunoblots and reported that the 25-, 42-, 44- and 100-kDa E. equi antigens 

are detected by sera from HGE patients [14]. Our data, however, also show that the humoral 

response to the HGE organism in patients includes reactivity to the 65- and 80-kDa proteins, as 

well as antigens between 95- and 125-kDa. Moreover, antibodies in the sera of mice infected with 

the HGE agent also reacted with several smaller antigens between 25- and 35-kDa. The 

characteristics of the 42-, and 44-kDa E. equi protein are not yet known: these proteins may not be 

present in the HGE organism or they may be homologues of the 40-, and 44-kDa HGE proteins, 

respectively. Further molecular characterization of the antigens of E. equi and the HGE organism 

will clarify this issue. Nevertheless, we propose that the detection of the 44-kDa protein by both 

IgM and IgG, or an IgG response alone to the 44-kDa plus one or more of the other characteristic 

bands (40-, 65-, 80- or between 95- and 125-kDa) should be considered diagnostic of infection, in 

42 



the setting of clinical disease and laboratory data consistent with HGE. The complete delineation 

of the antigens that must be identified on immunoblot for the confirmation of HGE will require 

independent data produced from several laboratories. Our studies provide a framework for 

interpreting such data. 

The other, and most common, human ehrlichial infection in the U.S. is caused by E. 

chaffeensis, which infects predominantly monocytes [3, 10, 11, 19]. Immunoblot assays have 

revealed that the major immunodominant antigens are the 22-, 28-, 29-, 44-, 55-, 66-, and 120-

kDa proteins [20], Some of these proteins could be related to antigens that we have identified in the 

HGE organism. However, we have shown that there is no major cross reactivity, since sera from 

patients that were diagnosed with E. chaffeensis infection failed to react with the 40-, 44-, 65- and 

80-kDa antigens of the HGE agent, and 110- and 120-kDa HGE antigens were each recognized by 

only one of 13 patients. Most importantly, none of the E. chaffeensis sera showed reactivity to the 

44-kDa HGE protein, suggesting that although the 44-kDa antigens in E. chaffeensis and the HGE 

agent have the same molecular size, they are distinct. The specificity of the immunoblots using 

HGE-lysates has not been tested for other ehrlichial species. However, the HGE agent and E. 

chaffeensis are the two most important agents causing ehrlichial infections in humans and our data 

suggest that for diagnostic purposes they can be successfully distinguished by immunoblot using 

HGE antigen. Since we have not tested the sera from HGE patients against immunoblots using E. 

chaffeensis antigen, we can not exclude the possibility that cross reactivity may occur in this way 

and thus lead to a in false-positive E. chaffeensis result. Nonetheless, since the current method of 

diagnosis includes IFA using E. equi and E. chaffeensis as antigens, immunoblot using HGE 

antigen may be of additional value in those cases where the patient's serum reacts against both 

antigens. In fact, several HGE sera in our study showed reactivity to E. chaffeensis antigen by 

IFA. All of those patients were diagnosed with HGE by identification of morulae in the 

granulocytes on peripheral blood smear and reacted positive by immunoblot. How can this 

reactivity to E. chaffeensis be explained? Although cross reactivity can not be ruled out, in general, 

we feel that cross reactivity in IFA testing has been only a minor problem in our hands, because 

most of the sera of patients with HGE do not react to E. chaffeensis antigen [6, 7], An alternative 

explanation is that some of the individuals in our study were exposed to E. chaffeensis as well, but 

not necessarily at the same time. Furthermore, these serologic tools are simply indirect measures of 

infections and may have technical limitations for specific diagnosis. 

Our data also indicated that the initial IgM and IgG response in mice is similar to humans, 

with reactivity directed against the 40-, 44-, 65- and 80-kDa proteins. Murine antibodies also 

reacted with other antigens, mainly in the range between 25- and 44-kDa. Clearly, most human 

sera did not show strong IgM reactivity or no IgM reactivity at all, even early in the course of 
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infection. As IgM is usually prominent in the first week of infection, and most of the human sera 

were obtained at later time points, this may account for the relative lack of IgM. Since all but one 

human sera had HGE-specific IgG, sufficient time after tick bite must have elapsed such that the 

transient IgM response had resolved in many patients. In addition, the variations in the HGE 

antigens identified by humans, and mice may also be partially explained by initiation of antibiotic 

treatment in patients, that could blunt the evolution of the immune response. Indeed, mice remain 

persistently infected for weeks (murine blood could still transmit the agent to naive mice, 

unpublished data), thereby possibly accounting for the development of additional HGE-specific 

antibodies. 

We have established that immunoblot using HL-60 cells infected with the HGE agent can 

be used to characterize the humoral response during HGE. The detection of an antibody response 

to the 40-, 44-, 65- and 80-kDa ehrlichial proteins may be most useful to aid in diagnosis, with 

response to the 40- and 44-kDa proteins playing the major role in serodiagnosis of HGE. 
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