
Gammaherpesvirus targets peritoneal B-1 B cells for long-term 
latency

Michaela M. Rekow1,#, Eric J Darrah1,#, Wadzanai P. Mboko1,#, Philip T. Lange1, and Vera L. 
Tarakanova1,2,*

1Department of Microbiology and Molecular Genetics

2Cancer Center, Medical College of Wisconsin, 8701 Watertown Plank Road, Milwaukee, WI, 
53226

Abstract

Gammaherpesviruses establish life-long infection in most adults and are associated with the 

development of B cell lymphomas. While the interaction between gammaherpesviruses and 

splenic B cells has been explored, very little is known about gammaherpesvirus infection of B-1 B 

cells, innate-like B cells that primarily reside in body cavities. This study demonstrates that B-1 B 

cells harbor the highest frequency of latently infected cells in the peritoneum throughout chronic 

infection, highlighting a previously unappreciated feature of gammaherpesvirus biology.
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Introduction

Gammaherpesviruses, such as Epstein-Barr virus (EBV) and Kaposi's sarcoma associated 

Herpesvirus (KSHV) are ubiquitous pathogens that establish life-long infections and are 

associated with several types of cancers, including B cell lymphomas. The tropism of these 

viruses for B cells is well established and numerous studies over the past decades have 

defined the intricate interactions between gammaherpesvirus infection and biology of B 

cells, including in the context of viral lymphomagenesis [reviewed in (Thorley-Lawson, 

Hawkins et al., 2013;Cesarman, 2014)]. These studies have mostly focused on the secondary 

lymphoid organs (i.e. spleen and lymph nodes) where the majority of B cells are classified 

as B-2 B cells. In contrast, body cavities play host to B-1 B cells, a B cell population with 

unique development and function. Very little is known about the interaction of EBV and 

KSHV with primary B-1 B cells, in part due to species specificity of these human viruses 

and restricted availability of human body cavity-resident B-1 B cells. Importantly, the 
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interaction of EBV and KSHV with B-1 B cells may be of relevance for viral 

lymphomagenesis, as KSHV infection is associated with primary effusion lymphoma, a B 

cell malignancy that is mostly limited to body cavities.

To overcome the species specificity of EBV and KSHV, this study utilized mouse 

gammaherpesvirus-68 (MHV68), a natural rodent pathogen that shares both genetic and 

biological features with EBV and KSHV (Efstathiou, Ho et al., 1990;Tarakanova, Suarez et 

al., 2005;Virgin, Latreille et al., 1997). Similar to EBV and KSHV, a majority of published 

MHV68 studies have focused on defining the host and viral factors involved in regulation of 

chronic infection and pathogenesis in the context of B-2 B cells. An early study by the 

Virgin group demonstrated that at 16 days following intraperitoneal inoculation, the highest 

frequency of MHV68 DNA positive cells was found in peritoneal macrophages, with 

peritoneal B cells being close second (Weck, Kim et al., 1999). In a more recent report the 

Tibbetts group showed that, 42 days following intraperitoneal infection, peritoneal B cells 

harbored the highest frequency of MHV68 DNA positive cells, with macrophages 

representing a second most-infected population (Li, Ikuta et al., 2008). Because bulk 

peritoneal B cells were examined in both studies, the type of peritoneal B cells hosting 

MHV68 is not known. Further, it is not clear whether route of infection alters MHV68 

tropism for peritoneal cell subsets. Here we show that, independent of route of infection, 

MHV68 targets peritoneal B-1 B cells to establish long-term latency.

Materials and Methods

Animal studies

All experimental manipulations of mice were approved by the Institutional Animal Care and 

Use Committee of the Medical College of Wisconsin. C57BL/6J were obtained from 

Jackson Laboratories (Bar Harbor, ME) and were housed and bred in a specific pathogen-

free facility at MCW. At 6-7 weeks of age mice were intranasally inoculated with 500 PFU 

of MHV68 (WUMS) or intraperitoneally infected with 1000 PFU of MHV68 under light 

anaesthesia.

Flow Cytometry and Cell Sorting

For flow cytometry, single cell suspensions of peritoneal exudate cells were prepared in 

FACS buffer (PBS + 2% FCS + 0.05% sodium azide) at 1×107 nucleated cells/ml. A total of 

1×106 cells were prestained with Fc block (24G2), then incubated with an optimal amount 

of antibody. This study used antibodies against B220 (PeCy7), CD19 (Pacific Blue), and 

CD11b (FITC, all from Biolegend, San Diego, CA). Data acquisition was performed on a 

LSR II flow cytometer (BD Biosciences, San Jose, CA) and analyzed using FlowJo software 

(Tree Star, Ashland, OR). For sorting, peritoneal exudate cells pooled from 5 mice/group 

were separated into specific populations defined by markers in Table 1. Sorting was 

performed on a BD FACS Aria III cell sorter (BD Biosciences, San Jose, CA)

Limiting Dilution Assays

The frequency of cells harboring viral genome in bulk or sorted populations of peritoneal 

cells was determined by limiting dilution PCR analysis as previously described (Tarakanova, 
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Stanitsa et al., 2010). Similarly, limiting dilution assays were performed to determine the 

frequency of MHV68 reactivation from the peritoneal cells (Kulinski, Leonardo et al., 2012).

Results

Peritoneal cell populations in MHV68-infected BL6 mice

Peritoneal exudate cells in MHV68-infected animals represent a diverse group of cell types 

that includes CD4 and CD8 T cells, dendritic cells, granulocytes, macrophages, NK cells, 

and B cells (Kulinski, Darrah et al., 2015). Importantly, peritoneal B cells are comprised of 

distinct populations that have minimal overlap with the splenic B cells (Sindhava & 

Bondada, 2012). Peritoneal cavity hosts a distinct population of B-1 B cells that have 

intermediate expression of B220 along with high surface levels of CD19 and are further 

differentiated into B-1a and B-1b subpopulations based on the CD5 expression. In contrast 

to splenic B-2 B cells, peritoneal B-1 B cells express low levels of CD11b, a typical myeloid 

marker, and can phagocytose with subsequent antigen presentation to T cells (Parra, Rieger 

et al., 2012). Further, B-1 B cells have a limited BCR repertoire, are self-renewing, and 

produce “innate” antibodies in a T cell-independent manner. In addition to B-1 B cells, 

B220HiCD19Hi B-2 B cells are also present in the peritoneum. However, these peritoneal 

B-2 B cells are not simply recirculating splenic B-2 B cells. Specifically, several surface 

markers of the B-2 B cells in the peritoneum reflect a phenotype that is intermediate 

between splenic B-2 B cells and peritoneal B-1 B cells (Hastings, Tumang et al., 2006). 

Correspondingly, functions of peritoneal B-2 B cells are closer to B-1 B cells than splenic 

B-2 B cells (Hastings, Tumang et al., 2006).

In this study, peritoneal exudate cells were divided into four broad groups to capture cells 

relevant for gammaherpesvirus infection: B-1 B cells, B-2 B cells, myeloid cells, and the 

triple negative population (Fig. 1A, specific markers used to distinguish populations are 

shown in Table 1). Relative abundance of these populations was analyzed at several times 

following intranasal or intraperitoneal MHV68 inoculation. The chosen time points 

represent early latency, intermediate, and long-term infection. The length or route of 

MHV68 infection had minimal effect on the relative abundance of B-2 and B-1 B cells in the 

peritoneum (Fig. 1B, C). Interestingly, intranasal infection resulted in a greater abundance of 

peritoneal myeloid cells at 19 days as compared to 42 days post infection (Fig. 1B). In 

contrast, relative abundance of peritoneal myeloid cells slightly increased in 

intraperitoneally-inoculated BL6 mice over the course of 42 day infection (Fig. 1C).

Distribution of MHV68 following intraperitoneal inoculation

To determine the frequency of MHV68 positive cells in selected populations, peritoneal 

exudate cells were sorted into B-1 B cells, B-2 B cells, myeloid cells, and triple negative 

populations (all indicated with asterisks in Fig. 1A). Sorted populations were subjected to 

limiting dilution PCR assays to detect MHV68 genome. As expected, high frequency of 

MHV68 DNA positive cells was found in the sorted myeloid cells collected at 16 days post 

intraperitoneal infection (Fig. 2A, open circles, and absolute cell numbers in Fig. 2D). 

Intriguingly, similarly high frequency of MHV68 DNA positive cells was found in sorted 

B-1 B cells (Fig. 2A, open triangles). In contrast, frequency of MHV68 DNA positive cells 
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was lower in B-2 B cells, as compared to myeloid and B-1 B cell populations (Fig. 2A, filled 

triangles). Of note, the frequency of MHV68 DNA positive cells in the triple negative 

population was below the level of detection throughout this study (data not shown).

As compared to 16 days post infection, the overall frequency of MHV68 DNA positive cells 

decreased in unsorted peritoneal cells by 28 days post infection (compare Fig. 2A and B, 

gray circles). Interestingly, at 28 days of infection, the frequency of MHV68 positive cells 

was lower in sorted myeloid cells as compared to B-1 B cells (Fig. 2B, p<0.05, absolute 

numbers in Fig. 2D). Peritoneal B-2 B cells continued to display the lowest frequency of 

infected cells at this time (28 days, Fig. 2B). Following the establishment of long-term 

infection (42 days, Fig. 2C), B-1 B cells continued to harbor the highest frequency of 

MHV68 DNA positive cells, as compared to B-2 B cells and myeloid population (see Table 

1 for the summary of the frequency of infected cells, and Fig. 2D for the absolute number of 

infected cells in each population). Thus, B-1 B cells harbored the highest frequency of 

MHV68 DNA positive cells in the peritoneum of long-term infected mice.

Consistent with published studies, high frequency of MHV68 reactivation from the 

peritoneal cells observed at 16 days post intraperitoneal inoculation subsided over time, but 

was still readily measurable in 42 day-infected mice (Fig. 2E). Further, persistent MHV68 

replication was below the level of detection throughout this study (data not shown), 

indicating that the detection of MHV68 DNA in the peritoneal cells was consistent with 

latent nature of virus infection.

Distribution of MHV68 following intranasal inoculation

Similar analyses were performed in intranasally-infected BL6 mice to determine the extent 

to which the route of MHV68 inoculation alters viral tropism for peritoneal cell types. As 

observed in intraperitoneally-infected animals, the highest frequency of MHV68 DNA 

positive cells was found in sorted B-1 B cells, with B-2 B cells displaying lower frequency 

of infected cells (Fig. 3A, B, absolute numbers in Fig. 3C). Surprisingly, the frequency of 

infection was below the level of detection in peritoneal myeloid cells of intranasally-infected 

mice at 19 days post infection (Fig. 3A). Low level of infection was established in peritoneal 

myeloid cells by 42 days post infection, however, the relative frequency of infected myeloid 

cells was variable between the experiments and never exceeded the frequency of infection 

found in either B-2 or B-1 B cells (Fig. 3B, C). These route of infection-dependent 

differences in the latent infection of myeloid cells suggest that distinct cell types mediate 

MHV68 systemic spread following intranasal vs. intraperitoneal virus inoculation and, 

therefore, may dictate the parameters of long-term infection.

As previously observed, efficiency of MHV68 reactivation following intranasal infection 

was lower than that detected in intraperitoneally-infected mice (compare Fig. 2E and 3D), 

with MHV68 reactivation falling close to or below the level of detection by 42 days post 

infection. Considering an almost exclusive tropism of MHV68 for peritoneal B cells 

following intranasal inoculation, viral reactivation observed at 19 days post infection 

indicates that peritoneal B cells are capable of supporting MHV68 reactivation, at least 

during early infection.
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Discussion

This study defines B-1 B cells as the preferred cell type for MHV68 infection in the 

peritoneal cavity, regardless of the route of initial virus inoculation or the duration of 

infection. Interestingly, our unpublished studies indicate that the frequency of MHV68 

infection is far greater in peritoneal B-1b as compared to the B-1a B cells, at least at 42 days 

post intranasal inoculation (Darrah and Tarakanova, manuscript in preparation), suggesting 

that certain aspects of B-1a biology may be restrictive for MHV68 latency. The finding that 

B-1 B cells contain a high frequency of latently infected cells raises an intriguing possibility 

that gammaherpesvirus infection of B-1 B cells may regulate infection of B-2 B cells, a 

possibility to be tested in future studies. Finally, the demonstration of MHV68 tropism for 

B-1 B cells may have implications for virus-driven lymphomagenesis, including the 

development of KSHV-driven primary effusion B cell lymphoma that almost exclusively 

localizes to the body cavities.
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Highlights

Gammaherpesvirus targets peritoneal B-1 B cells for long-term latent infection 

Gammaherpesvirus tropism for B-1 B cells is independent of the route of inoculation 

Route of inoculation alters gammaherpesvirus tropism for peritoneal myeloid cells
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Figure 1. Peritoneal cell populations in MHV68-infected BL6 mice
BL6 mice were intranasally or intraperitoneally infected with MHV68 (500 PFU/mouse and 

1000 PFU/mouse, respectively); 5 mice per group were used in each experiment. At 

indicated times post infection, peritoneal exudate cells were harvested and pooled from all 

mice within the experimental group and analyzed by flow cytometry using markers in Table 

1. A. Representative flow diagrams. Boxed populations with asterisk were analyzed for 

MHV68 DNA in subsequent analyses. B, C. Peritoneal immune cell populations at indicated 

times post infection. Data were pooled from 3-4 independent experiments.
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Figure 2. Distribution of MHV68 in peritoneal cell populations following intraperitoneal 
infection
BL6 mice were intraperitoneally infected with MHV68 and peritoneal exudate cells 

harvested and pooled as described in Fig. 1. A-C. Sorted immune cell populations were 

subjected to limiting dilution PCR analysis to establish the frequency of MHV68 DNA 

positive cells. Data were pooled from 3-4 independent experiments. Average frequency of 

infected cells is shown in Table 1, absolute numbers of MHV68 positive cells in each 

population are shown in D. E. Frequency of viral reactivation was measured in unsorted 
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peritoneal cells harvested at indicated times post infection, data were pooled from 3 

independent experiments.
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Figure 3. Distribution of MHV68 in peritoneal cell populations following intranasal infection
BL6 mice were intranasally infected with MHV68 and peritoneal exudate cells harvested 

and pooled as described in Fig. 1. A, B. Sorted immune cell populations were subjected to 

limiting dilution PCR analysis to establish the frequency of MHV68 DNA positive cells. 

Data were pooled from 3-4 independent experiments. Average frequency of infected cells is 

shown in Table 1, absolute numbers of MHV68 positive cells in each population are shown 

in C. D. Frequency of viral reactivation was measured in unsorted peritoneal cells harvested 

at indicated times post infection, data were pooled from 3-4 independent experiments.
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