
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Human granulocytic ehrlichiosis

IJdo, J.W.

Publication date
1999

Link to publication

Citation for published version (APA):
IJdo, J. W. (1999). Human granulocytic ehrlichiosis. [Thesis, externally prepared, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/human-granulocytic-ehrlichiosis(63966343-41ca-44d2-bb7e-65ab5dcd4bb2).html


Chapter 9 

General Discussion 
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In separate sections below, the key issues as mentioned in the Introduction will be 

addressed in the following order: the incidence of HGE, the humoral response against ehrlichial 

proteins and in particular to the 44 kDa protein, immunization against HGE and the intracellular 

survival of HGE. The discussion concludes with a paragraph that reflects on the relevance of the 

work. 

The incidence of human exposure to ehrlichiae 

In the last five years several case series of patients with HGE in the Unites States have been 

reported on the clinical and laboratory characteristics of HGE and this has alerted physicians to 

consider the diagnosis in the appropriate setting (Aguero-Rosenfeld et al., 1996; Bakken et al., 

1996). In order to estimate the incidence of HGE in tick endemic areas, a statewide surveillance 

program was started in Connecticut to assess the number of patients with HGE. During 1995 and 

1996, physicians were asked to submit blood samples from patients with an acute illness and 

clinically suspected of having HGE. Based on the clinical findings in the case series, entry criteria 

were included consisting of fever of > 38 °C, headache or myalgias or malaise, and leukopenia 

and/or thrombocytopenia. A history of a tick bite was not required. The results are presented in 

Chapter 2. A somewhat similar study was published recently from New York State assessing the 

number of cases mostly from Westchester County, adjacent to Connecticut, during 1994 and 1995 

(Wong et al., 1997). Differences in study design (physicians in New York were requested to 

report confirmed cases of ehrlichiosis with clinical histories), make direct comparisons somewhat 

limited. Nevertheless, some similarities are noted. The New York study found 53 patients out of 

176 (30 %) positive for HGE, while in Connecticut 33 of 375 (8.8 %) patients reacted positive. 

Testing for HME resulted in 12 patients (6.8 %) reactive to E. chaffeensis but not to E. equi in 

New York, and 12 (3.2 %) in Connecticut. The number of patients reactive to both E. chaffeensis 

and£. equi were 21 (12 %) and 9 (2.5 %) respectively. The numbers seem to indicate that 

percentage wise the New York study had 2-3 fold higher positivety rate. The fact that less than 

10% of the patients in the Connecticut study had antibodies to E. equi is surprisingly low, 

especially because of the strict entry criteria. It is possible that some patients could have been 

missed because in only about one third of the time was a convalescent sample available. It is not 

entirely clear what infections, if not ehrlichiosis, are responsible for the acute syndrome with the 

concurrent laboratory abnormalities. ELISA testing for antibodies against B. burgdorferi was 

performed on all 512 samples of the 375 patients and 184 specimens (36 %) had a positive 

reaction. A subgroup evaluated for class specific antibodies indicated IgM reactivity about two 
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thirds of the time. This finding suggests recent prior infection with B. burgdorferi. 

Unfortunately, clinical histories other than the selection criteria were not available. The fact that the 

patients suspected of HGE may have had exposure to other tick-borne infections is further 

supported by antibodies to B. microti in 47 (9.5 %) of 494 samples. A currently ongoing study 

combining different diagnostic methods including PCR, IFA and immunoblot may provide extra 

insight into these issues. 

In the last few years, the total number of HGE cases per year generally exceeded the total 

number as recorded in the previous year. Preliminary results indicate that the total number of HGE 

cases in Connecticut for the year 1998 is well above 200 (unpublished data). One has to exert 

caution in interpreting these increasing numbers. Patient and physician awareness of this new tick-

borne disease may result in more recorded cases that would not have been diagnosed before. 

Furthermore, similar to Lyme disease, there may be multiple factors that can influence the number 

of infected ticks in a given year. For example, a bumper crop of acorns in a given year may result 

in more abundant food for mice. With more mice available for ticks to feed on, more ticks could 

potentially result in more cases of Lyme disease (Jones et al., 1998). It is conceivable that a 

similar scenario may be applicable for HGE. It seems likely that it may take several more years 

before a clearer picture emerges of the overall impact of HGE. 

The humoral response by immunoblot 

The immunoblot technique for the detection of specific antibodies is well accepted and is 

being used extensively in laboratory diagnosis for many different infections, including HIV and 

Lyme disease. The utility of developing a reliable immunoblot for the laboratory diagnosis of 

HGE, therefore is not disputed and several authors have shown similar results (IJdo et al., 1997; 

Wong et al., 1997; Storey et al., 1998). The strength of the immunoblot most often lies in the 

ability to identify specific bands representing bacterial proteins that are detected by antibodies in the 

patients's serum. For that reason the immunoblot is used as a confirmatory test after a positive 

result with a sensitive IFA or ELISA. In particular, the antigen(s) of about 44 kDa is invariably 

detected if there is antibody reactivity to any ehrlichial protein. This observation makes the 44 kDa 

antigen and excellent candidate to be used for diagnosis. It is for this reason that further 

investigations have focused on this protein as discussed below. 

Currently, the most commonly used serologic test for HGE that is a relatively simple and 

readily available IFA assay. Comparison of IFA results with immunoblot results for the same 

serum samples allows for some assessment of sensitivity and specificity of the IFA. In several 
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separate studies we have compared the performance of IFA and immunoblot. Of a total of 106 

serum samples from ill dogs, but not suspected of having ehrlichiosis, 10 samples tested positive 

by IFA and these were all confirmed by immunoblot (Magnarelli et al., 1997). Of the 96 negative 

IFA samples a subgroup of 25 randomly selected samples was also tested by immunoblot and 23 

samples were indeed negative, but 2 samples reacted positive. The apparent discrepancy in 

reactivity of these two samples was explained by the use of a different ehrlichial strain as antigen 

for the IFA (MRK strain), because repeat IFA using the same ehrlichial strain as the immunoblot 

(NCH-1) produced a positive result for both samples. In another study of 20 mouse sera that were 

positive by IFA, 19 samples were confirmed by immunoblot (Magnarelli et al., 1998). Finally, 

two studies of human serum samples have compared IFA and immunoblot and concordant results 

were observed in about 80 % (Wong et al., 1997; Magnarelli et al., 1998). Thus, it can be 

concluded that IFA is an acceptable first serologic test. 

With the recent advent of recombinant bacterial proteins such as the immunodominant 44 

kDa HGE antigen, an ELISA based on the use of this antigen will undoubtedly supplant the IFA in 

the near future. Validation of that ELISA can be executed by a comparison with whole lysate 

immunoblot. This is important because the recombinant HGE-44 may not be equivalent to the 

mixture of expressed homologs present in whole organism preparations. 

Cloning of the 44 kDa protein and the role of antigenic variation 

Within a three month period during the summer of 1998, three groups of investigators 

independently reported the cloning of the 44 kDa ehrlichial protein, HGE-44, which is the most 

prominent ehrlichial antigen and virtually always detected on immunoblot when probed with 

patients' serum (Udo et al., 1998; Murphy et al., 1998; Zhi et al., 1998). Because of these almost 

simultaneous publications, these investigators were not in the position to compare each others' data 

at the time. As will be discussed below, the data combined together provide a more compelling 

picture. 

From earlier reports it was clear that the HGE-44 represented a group of similar proteins 

with a variable molecular mass usually around 44 kDa but with possible size variations between 42 

and 49 kDa (Asanovich et al., 1997; Udo et al., 1997; Zhi et al., 1997). Genbank searches 

revealed that the DNA and protein sequences display a high degree of similarity with those of the 

MSP-2 gene family of A. marginale (Palmer et al., 1994). This finding is not so surprising given 

that the HGE agent is phylogenetically very closely related to A. marginale. As discussed in the 

Introduction, A. marginale is an intrahemocytic organism, transmitted by ticks and it causes 
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disease in ruminants. Given this close relationship, a careful analysis of the Anaplasma literature 

may provide some further insight and clues for further studies of the HGE agent. 

Using the published sequences from these three reports for sequence comparison, an 

intriguing pattern emerges: if one were to divide up the amino acid sequence (or the corresponding 

DNA sequence, which would give the same result) in three pieces of roughly equal size, it could be 

easily seen that the amino-terminus one third and the carboxy-terminus one third show an 

extremely high degree of sequence similarity for all proteins, while there is a complete lack of 

sequence homology for the middle part (Figure 1 ). This of course could be just the result of a 

coincidence, but comparison of an additional three clones that were sequenced also showing the 

same pattern with a variable region in the middle (unpublished results), requires an alternative 

explanation. A more detailed analysis of the sequences directly flanking the variable region, 

reveals that for most clones both the beginning and the end of the variable region is confined to a 

small stretch of sequence. In other words: the hge-44 family consists of a number of homologs 

that are different only in a small region in the middle as if that sequence were a cassette being 

replaced with another resulting in a new homolog, while leaving the remainder of the sequence 

intact. At this point one can only speculate about the reason for such a phenomenon. However, 

several convincing examples in the literature exist that may facilitate an 'educated guess' for this 

observation. In the next paragraph the concept of antigenic variation will be briefly discussed 

before addressing possible implications of such a cassette phenomenon. 

Antigenic variation has been defined as changes in the structure or expression of antigenic 

proteins that occur during infection at a frequency greater than the usual mutation rate (Borst and 

Greaves, 1987; Seifert and So, 1988). This strategy allows parasites to survive if host defenses 

can not keep up with the pace of these changes. Examples of successful parasite variability have 

been described for a variety of organisms including Plasmodium falciparum (Baruch et al., 1995; 

Smith et al., 1995; Su et al., 1995), African trypanosomes (Borst and Rudenko, 1994), and 

Neisseria gonorrhoeae (Haas and Meyer, 1986). In B. burgdorferi another variation of this 

strategy has been studied: the genome contains a vis locus which consists of silent cassette 

sequences upstream of the expressed vlsE site and different cassettes are recombined into the 

central part of the expressed vlsE, resulting in antigenic variation (Zhang et al., 1997). The 

recombination of the cassettes has been shown to be facilitated by short direct repeats flanking the 

cassette sequence. With regard to antigenic variation as illustrated by the examples above, is there 

any evidence in the literature to suggest that such a mechanism could play a role in ehrlichiae? 

Unfortunately, relatively little is known about ehrlichiae but there are some data that may suggest 

indeed such a role. A. marginale, phylogenetically closest related to the E. phagocytophila 
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genogroup, expresses different MSP-2 homologs during the acute infection as well as during the 

persistent cyclic parasitemia (Eid et al., 1996; French et al., 1998). Furthermore, comparison of 

MSP-2 variants revealed a central region of polymorphism (French et al., 1998), which is roughly 

equivalent to the variable middle portion of the hge-44 homologs. The underlying genetic 

mechanisms by which A. marginale is able to differentially express the MSP-2 homologs has not 

yet been elucidated. 

In E. chaffeensis an outer membrane protein {omp) gene family has been described 

recently, analogous to the hge-44 gene family. For both these organisms one has to at least 

consider the possibility of a scenario similar to the A. marginale MSP-2 genes. Although the omp 

and hge-44 genes do not show a striking sequence similarity, the omp genes reveal sequence 

homology to MAP-1, which is the outer protein in C. ruminantium. Map-1 in turn also shares 

homology with MSP-4 which is a membrane protein in A. marginale that is encoded by a single 

copy gene with a high degree of sequence similarity with the MSP-2 genes. Taken together, the 

sequence similarities of the membrane protein genes in these different but closely related organisms 

should not be regarded as 'just genetically related', but rather seen as an opportunity to investigate 

the role of antigenic variation. Suppose there was a common ancestor of the currently existing 

ehrlichial organisms, with a generic prototype of an ancestral outer membrane gene family. 

Successful organisms would be those that were able to adapt to the specific needs of the 

environments in the mammalian host (i.e. immune pressure) as well as in the tick by changing the 

outer membrane proteins. One could hypothesize that these membrane protein families are 

therefore not only genetically related but also functionally related. From this it would be expected 

that all ehrlichial organisms mentioned above could utilize some degree of antigenic variation. 

Further studies need to test this hypothesis and may cast some light on the primary functions of 

these proteins. One could speculate that the outer membrane proteins could be involved in the 

binding to receptors on specific host cells and that this vital function is safeguarded by antigenic 

variation during immune pressure. In the case of the HGE agent, the variable mid-portions of the 

hge-44 genes are reminiscent of the vis cassette system in B. burgdorferi, albeit no direct repeat 

sequences flanking the 'cassette' were found. Thus it needs to be seen if a similar cassette 

mechanism is indeed operating in the HGE agent. 

Does antigenic variation play a role in HGE? If one is to make a case for such a process in 

the HGE agent, chronic infection seems to be the ultimate prerequisite for the existence of antigenic 

variation. Clearly A. marginale causes a chronic infection in ruminants, but there is no convincing 

data to either support, or rule out, that the HGE agent causes a chronic infection in humans (A. 

marginale infection has never been observed in humans). Rather, circumstantial evidence suggests 

that many human HGE infections may be subclinical and self-limiting and therefore possibly not 
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chronic. On the other hand, there have been few reports of patients with a documented persistent 

infection (Dumler and Bakken, 1996). Experimental inoculation of the HGE agent in laboratory 

mice produces acute infection with morulae on the peripheral smear as expected, and subsequently 

the infection seems to be cleared from the blood as the blood becomes PCR negative within several 

weeks (Hodzic et al., 1998). This does not mean complete eradication of the organism though, 

since PCR of spleen tissue is still positive at 30 days post inoculation (unpublished data). 

Therefore, it seems that at least in mice chronic infection may be present and potentially could be 

facilitated by antigenic variation. 

Assuming that there is indeed chronic persistence of the HGE agent, how could antigenic 

variation promote chronic infection? First, constant changing of the outer membrane proteins 

would be a means of staying one step ahead of the host immune response to escape opsonization 

with subsequent phagocytosis and destruction. Strains that do not change their proteins fast 

enough would be thus eliminated. Second, an alternative explanation could be offered by the 

hypothesis of original antigenic sin. This phenomenon was first described in influenza and was 

thought to be antibody related for the most part (Francis, 1953; De St Groth and Webster, 1966). 

After initial infection, re-infection with a new stain of the influenza virus, boosted the concentration 

of antibodies specific for the original strain. The antibodies cross-react with the second strain but 

had higher affinity for the original strain. This then could result in persistence of later strains. 

Very recently, original antigenic sin has been described now also in the response of cytotoxic T 

lymphocytes (CTL) leading to impaired clearing in vivo of variant viruses emerging in the same 

host (Klenerman and Zinkernagel, 1998). This is thought to be an explanation for the CTL escape 

seen in HIV and hepatitis B (Pircher et al., 1990; Phillips et al., 1991; Bertoletti et al., 1994). 

Future studies need to explore whether this mechanism is involved in the survival of other 

intracellular pathogens, including the HGE agent. 

Immunization with lysate of HGE bacteria 

Under optimal conditions, the results presented in Chapter 7 indicate that immunization 

with a lysate of HGE bacteria affords partial protection in mice. How do these results compare 

with similar studies of A. marginale? Vaccination of cattle for A. marginale is possible with an 

attenuated strain as well as with a preparation containing heat-killed organisms. Both vaccine 

preparations prevents severe disease upon challenge with wild type organisms but produces 

subsequent life long carrier status and thus complete elimination does not occur (Palmer and 

McGuire, 1984). In addition, cattle immunized with various outer membrane proteins in particular 
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MSP-1 proteins provide substantial protection from severe disease but again, not all animals were 

free of parasitemia (Palmer et al., 1988; Palmer et al., 1989; Ntando et al., 1991; Palmer et al., 

1994). In these studies disease was measured by parasitemia on peripheral smear, and a decrease 

in hemoglobin and hematocrit from pre-challenge levels, but PCR on blood was not performed. 

This makes direct comparison with the HGE vaccination study somewhat difficult, but it is fair to 

conclude that for both organisms partial protection is achieved in these studies. The issue of 

complete elimination has not been fully addressed for either organism and one could argue that low 

level persistence in spleen or lymphoid tissue is a possibility, especially in the light of antigenic 

variation and original antigenic sin as mentioned in the previous paragraph. 

Nevertheless, immunization studies using the recombinant HGE-44, could begin to address 

these issues. If antigenic variation indeed is an important mechanism for survival in the HGE 

agent, one would expect that immunization with only one homolog of the HGE-44 family would 

not be able to produce elimination of the organism, though it may abrogate parasitemia. To date no 

studies have assessed the role of cellular immune responses. The availability of the murine model 

for HGE offers an excellent opportunity to investigate a possible CTL-escape. 

Intracellular survival of the HGE agent 

Several pathogens survive inside host cells where they may be out of reach from the host 

immune system. Instead, intracellular organisms have to deal with the potential threat of 

destruction by lysosomes. The different strategies used by intracellular pathogens to escape the 

lysosomes have been extensively reviewed by Sinai and Joiner (Sinai and Joiner, 1997). Most 

microbes have a preference for a particular host cell type such as endothelial cells, erythrocytes or 

macrophages. The HGE agent is unique, in that to date it is the only human pathogen that survives 

in neutrophilic granulocytes and its precursors (Klein et al., 1997). Since the mature granulocyte 

has a relatively short life span (24-48 hours) it is clear that after the death of the granulocyte the 

HGE agent is at risk for extracellular attack by the host immune system unless it is able to either 

invade another granulocyte or to suppress or mislead somehow the host immune system. The 

mere fact that in mice there is a peak of infected neutrophils at about 10-14 days after inoculation 

with a subsequent drop to very low levels, is indicative for a seemingly effective host immune 

response (Hodzic et al., 1998). However, it is conceivable that some organisms may escape and 

persist. As discussed in the Introduction, there is some evidence that several ehrlichiae are capable 

of doing just that. Antigenic variation with or without original antigenic sin as discussed in the 

previous paragraphs is merely just one possible mechanism by which the organism could persist 
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and various other scenarios could be considered. Virtually no research has been done to clarify 

these issues in detail. 

Regardless of the issues of the 'extracellular phase' of this intracellular organism, once 

inside the cell it faces intracellular challenges, i.e. the threat of destruction by lysosomes. The 

results in Chapter 8 indicate that the HGE agent resides in an cytoplasmic vacuole and that the 

vacuole is not processed in a normal way. Somehow the maturation of the vacuole is halted in the 

late endosomal phase. E. chaffeensis is the only other ehrlichia known to modify its early 

endosomal vacuole (Barnewall et al., 1997). It needs to be investigated whether the organisms 

actively modifies the vacuole by stripping off signaling peptides to render it 'invisible' or whether 

the normal fusion of vesicles delivering these peptides are blocked. This could be addressed by 

studying organisms killed before and after entry as compared to live organisms. This issue may 

have further implications since some antigen presentation is dependent on break down products 

from contents of the endosomal pathways. 

Perspectives 

What is the impact of the HGE studies for society and what is the relevance for the Dutch 

society in particular? From the previous chapters we can summarize that HGE is caused by a 

relatively newly discovered human pathogen, that several laboratory tests are now available to 

confirm clinical diagnosis, and that the number of diagnosed cases may increase over the next 

several years. Cases of HGE have been reported in the literature in several countries in Europe, 

including Switzerland, Germany, Belgium, and Sweden, but not yet from Holland. There is 

enormous circumstantial evidence to suggest that the HGE agent is likely to be present in the 

Netherlands as well. As pointed out in the Introduction, HGE and Lyme disease have similar 

geographic distributions because the respective organisms are transmitted by the same tick. 

Clearly, Lyme disease is present in Holland and thus the tick and its habitat (e.g. deer, mice, 

acorns etc.) must be present as well. In other words, the natural environment for the maintenance 

of the HGE agent in nature is present. Taken together, it is almost certain that with all the 

necessary ingredients available, physicians will identify patients with HGE in Holland in the near 

future, if they consider HGE in the differential diagnosis. In order to inform the medical 

profession in Holland of this issue a recent article has been published in the Nederlands Tijdschrift 

voor Geneeskunde (Udo and Fikrig, 1998). During the final revision of this thesis and within 

several weeks after the appearance of that article, a physician in Holland identified correctly a 
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Dutch patient with HGE, confirming the predictions! Blood smear and PCR were positive and 

further investigations are ongoing (unpublished data). 

As mentioned in the Introduction, effective treatment with the correct antibiotic is available 

and will result in quick and complete recovery in most cases. As is the case for Connecticut, it 

may take several years to assess the frequency of HGE in the Netherlands. The ongoing active 

surveillance study in Connecticut may serve as a model to approach that issue in future research 

undertakings. Furthermore, comparison of European isolates with American strains should be 

done because it possible that they are different and that they therefore may cause different clinical 

symptoms. This possibility is illustrated by the finding that some of the strains that cause Lyme 

borreliosis in Europe are different from the American isolates. 

Besides the occurrence of HGE in Holland as a practical issue, there are a number of other 

scientific implications as well. The development of a murine model of HGE formed the basis for 

the immunization studies using whole HGE organisms. The logical next step is the investigation 

of recombinant proteins, such as HGE-44, as vaccine candidates, which is currently being pursued 

in the laboratory. If indeed HGE-44 proves to afford protection against HGE, the development of 

a combined vaccine for both Lyme and HGE could become reality in the more distant future. 

Recently a Lyme vaccine in the United States was approved by the FDA. Secondly, the most 

intriguing question as perceived by the author, concerns the issue of intracellular survival of the 

HGE agent in granulocytes. The question how the organism survives has been answered: it is able 

to block the fusion with the lysosomes. Immediately, a new question has replaced the old 

question: How does it block lysosomal fusion? And why in granulocytes? Answering these basic 

scientific questions will keep researchers occupied for quite some time, and hopefully it may 

provide some fundamental insight into intracellular mechanisms of membrane protein trafficking. 

Finally, based on the same reasoning why more patients with HGE are expected to be 

diagnosed in Holland in the future, the possibility needs to be considered that Babesia spp., 

another agent transmitted by ticks, may cause disease in humans in Holland as well. This 

hemoparasite infects mostly cattle but human infections have been described in other European 

countries and the United States (Gorenflot et al., 1998; Krause et al., 1998). 
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