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The chemokine receptor CCR7 plays an important role in the 
migration behavior of immune cells. CCL19 and CCL21 are the natural 
ligands of CCR7, which is not only expressed on DCs [19] but also on 
T and B cells [20-22] as well as on monocytes [23]. Mice deficient 
in CCL19, CCL21 or CCR7 demonstrate defective DC trafficking 
and altered immune response [24,25]. In human monocytes and 
DCs, prostaglandin E2 (PGE2), a pleiotropic immunomodulatory 
molecule, exerts multiple effects on both CCR7 expression level and 
functionality [23,26,27].

Since it has been shown that monocytes are actively implicated 
in HIV-1 pathogenesis and serum level of PGE2 is a hallmark 
of HIV progression [28-30], we asked whether PGE2 modulates 
CCR7 expression and functionality on HIV exposed monocytes. 
We investigated the cell surface expression of CCR7 in monocytes 
exposed to R5 or dual tropic strains of HIV-1. In parallel, chemotaxis 
assays were performed to establish the influence of HIV-1 exposition 
on CCR7 functionality. We also sought to determine whether the 
presence of PGE2 could modify the migratory capacity of monocytes 
exposed to HIV-1. Our results provide evidence that PGE2 restores 
functional CCR7 expression on HIV-exposed human monocytes 
allowing their migration toward the CCR7 ligand CCL19. Expression 
of CCR7 on HIV-exposed monocytes in response to PGE2 may 
have significant implications for HIV-1 dissemination to secondary 
lymphoid organs and/or peripheral tissues.

Methods
Ethics statement

The study was approved by the local ethics committee (Comité 
d’Éthique de la Recherche sur l’Humain, Centre Hospitalier 
Universitaire de Sherbrooke, Université de Sherbrooke (04-116-R5)) 
and written consent was obtained from all participants.

Cells

Mono-Mac-1 cells, an acute peripheral monoblastic leukemia 
derived cell line (German Collection of Microorganisms and Cell 
Cultures, Braunschweig, Germany) was cultured in RPMI 1640 
(Wisent, St-Bruno, QC, Canada) supplemented with 10% heat-
inactivated fetal bovine serum (FBS) (Wisent), non essential amino 
acids (NEAA) (Wisent), 1 mM sodium pyruvate (Wisent), 100 I.U. 
penicillin, and 100 μg/ml streptomycin (Wisent). Human embryonic 
kidney 293T cells (American Type Culture Collection (ATCC) 
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Manassas, VA) and the TZM-bl HIV-1 indicator cell line (NIH AIDS 
Research and Reference Reagent Program) were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) (Wisent) supplemented with 
10% heat-inactivated FBS, NEAA, 1 mM sodium pyruvate, 100 I.U. 
penicillin, and 100 μg/ml streptomycin. TZM-bl is an indicator cell 
line derived from HeLa cells, which express the HIV-1 receptors CD4, 
CXCR4, and CCR5 and carry a stably integrated luciferase reporter 
gene under the control of HIV-1 long terminal repeat (LTR) [31]. 
Human monocytes were isolated from healthy donors’ blood using 
Lymphocyte Separation Media as recommended by manufacturer 
(Wisent) and left to adhere on culture plates for 1 hour at 37°C in 
RPMI 1640 supplemented as described above. Suspension cells were 
removed by two washes with phosphate buffered saline (PBS) and 
adherent cells were detached using Cell Dissociation Media (Wisent), 
washed with PBS, and used immediately.

Production of viral stocks

Pseudotyped HIV-1 particles were obtained by co-transfection 

of pNL4-3-Luc+E-R+ with pcDNA-I/Amp-based expression vectors 
coding HIV-1 ADA (R5), JR-FL (R5) envelope proteins or pHCMV-G 
vesicular stomatitis virus envelope glycoprotein G (VSV-G) under 
the control of the human cytomegalovirus promoter. The infectious 
molecular clones pcDNA1/89.6 and pNL4-3balenv were also used. All 
those plasmids were kindly provided by Dr. M. J. Tremblay (Centre 
de Recherche en Infectiologie, CHUL, Québec, Canada). The virus-
containing supernatants were collected 48 hours after transfections 
with FuGENE® 6 (Roche Applied Science, Laval, QC), filtered through 
a 0.45-μm cellulose acetate, and normalized for virion content using a 
p24 ELISA as described previously [32].

Exposition of monocytes to HIV-1

Freshly isolated blood monocytes and Mono-Mac-1 were exposed 
to HIV-1 strains using 100 ng p24 per million cells for 1 hour at 37°C, 
washed with PBS, and seeded at 1 × 106 cells per ml in RPMI 1640 
supplemented. Cells were then left untreated or treated with 1  µM 
PGE2 (Sigma Aldrich, Oakville, ON, Canada).

         

Figure 1: PGE2 enhances CCR7 surface expression on HIV-1 exposed monocytes

Mono-Mac-1 cells were exposed to the indicated pseudotyped (A) or replication competent (B) HIV-1 clones and left untreated or treated with 1 μM PGE2 for 24 
hours. FACS analysis was performed on cells labeled by a CCR7-specific antibody (black line) or corresponding isotype control (gray line). Percentages of positive 
cells are indicated. Results represent 1 out of 5 independent experiments with similar results. (C) Blood isolated monocytes were exposed to the indicated HIV-1 
replication competent clones and left untreated or treated with 1 μM PGE2 for 24 hours. Cells were double-stained for CD14 and CCR7 using specific antibodies 
and analyzed by flow cytometry. Quadrants were positioned based on corresponding isotypes. Results are from 1 of 4 different donors with similar responses.
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Chemotaxis assays

Chemotaxis of HIV-1 exposed blood isolated monocytes and 
Mono-Mac-1 was measured by migration through a polycarbonate 
filter with 5- or 8-µm pore size respectively, in 24-wells transwell 
chambers (Millipore, Nepean, ON, Canada). The lower chamber 
contained 500 µl of a 300 ng/ml dilution of CCL19 in medium without 
FBS (R&D Systems, Minneapolis, MN, USA), or medium alone as a 
spontaneous migration control, and the upper chamber contained 5 
× 105 cells in 100 µl of medium. Blood isolated monocytes containing 
chambers were incubated for 2 hours at 37°C and Mono-Mac-1 
containing chambers were incubated for 4 hours at 37°C. A 100 µl 
aliquot of the cells that migrated to the bottom chamber were used for 
the infectivity assay or mixed with 200 μl of a 2% paraformaldehyde 
solution and counted using BD FACSCalibur flow cytometer (BD 
Biosciences) by acquiring events for a fixed period of 60 seconds using 
CellQuest software (BD Biosciences). The percentage of migrated cells 
was calculated as follow: the number of migrated cells in response to 
media only was subtracted to the number of migrated cells to CCL19 
and this number was reported on the total input of cells.

Infectivity assays

Reporter TZM-bl cells were seeded at 104 cells/well in 96-well 
plates 12 hours before the assay. A 100-µl aliquot for the bottom well 
of the migration assay (see above) was added to the TZM-bl cells in 
triplicate. Cells were co-cultured for 2 hours and then the media was 
replaced with fresh complete media. The cells were incubated for an 
additional 48 hours at 37°C and analyzed for luciferase activity [33].

Flow cytometry

Monocytes were collected and washed twice with ice-cold 
PBS. The Fc receptors were blocked using 1 µg purified IgG (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) for 10 minutes on 
ice. Mono-Mac-1 cells were stained with a phycoerythrin (PE)-
conjugated anti-CCR7 antibody (R&D Systems). Blood isolated 
monocytes were double-stained with PE-conjugated anti-CCR7 and 
a Peridinin chlorophyll protein complex (PerCP)-conjugated anti-
CD14 antibody (BD Biosciences, Mississauga, ON, Canada) or were 
incubated with corresponding isotypes as negative controls. Cells 
were then washed twice with ice-cold PBS supplemented with 3% 
bovine serum albumin (BSA) and fixed for 30 minutes on ice in 2% 
paraformaldehyde. Fluorescence was read using a BD FACSCalibur 
flow cytometer (BD Biosciences) and results were analyzed using 
CellQuest software (BD Biosciences).

Statistical analysis

Each experiment was performed at least three times in triplicate. 
Statistically significant differences between experimental groups were 
evaluated using a paired t-test. Computations were carried out using 
GraphPad PRISM® version 5.0b statistical software.

Results
Surface expression of CCR7 on HIV-1 exposed human 
monocytes is modulated by PGE2

We initially characterized the surface expression of CCR7 on 
HIV-1 exposed monocytes without or with PGE2 treatment (Figure 
1). Our results demonstrated that exposition to pseudotyped viruses 
did not considerably alter cell surface expression of CCR7 compared 
to mock-treated cells (Figure 1A). However the addition of PGE2 
to HIV-1-exposed Mono-Mac-1 was associated with an increase of 
CCR7 expression compared to PGE2-treated uninfected cells. The 
number of CCR7+ cells increased of 20.5% in uninfected cells and 
9.7% and 15.4% in cells exposed to NL4-3-Luc+E-R+/Adaenv and NL4-
3-Luc+E-R+/JR-FLenv, respectively. Next, Mono-Mac-1 cells were 
exposed to replication competent viruses (NL4.3balenv and 89.6) and 
FACS analysis revealed that CCR7 expression was slightly affected by 
the viral exposition (Figure 1B), with uninfected cells being 54.5% 
CCR7+ and 61.7% and 59.0% for NL4.3balenv and 89.6, respectively. 
The addition of PGE2 to replication competent HIV-1-exposed 

Mono-Mac-1 cells also augmented CCR7 cell surface expression as 
observed with cells exposed to pseudotyped viruses. PGE2 treatment 
increased CCR7 expression of 25.0% in uninfected cells and 17.8% 
and 21.1% in cells exposed to NL4.3balenv and 89.6, respectively. 
Since, Mono-Mac-1 cells are an immortalized cell line whose growth 
properties have been altered by transformation, we repeated this 
series of experiments with freshly isolated blood monocytes from 
healthy donors. As above, we determined the extent to which HIV-1 
exposure and PGE2 treatment affects CCR7 cell surface expression in 
freshly isolated blood monocytes (Figure 1C). In mock-treated cells, 
8,94% of CD14+ cells expressed CCR7. Exposition to NL4.3balenv 
and 89.6 reduced CCR7 expression to 4,78% and 5,22%, respectively. 
Stimulation of uninfected blood monocytes with PGE2 increased 
CCR7 cell surface expression for uninfected cells (14,41%), as well 
as blood monocytes exposed to HIV-1 (NL4.3balenv: 12,65% and 
89.6: 10,09%). This degree of increased CCR7 surface expression is 
functionally relevant since other reports have shown that similar 
percentages of CCR7 expression enhance cell migration in response 
to CCL19 in the presence of PGE2 [23,26,27]. Collectively, these data 
demonstrate that addition of PGE2 invariably increased cell surface 
expression of CCR7 in both Mono-Mac-1 cells and freshly isolated 
blood monocytes. In contrast, HIV-1 exposure did not significantly 
modulate the expression CCR7 on monocytes. Indeed in Mono-
Mac-1, exposition to pseudotyped HIV-1 particles slightly decreased 
cell surface expression of CCR7 while CCR7 levels were unchanged in 
Mono-Mac-1 cells. In freshly isolated blood monocytes exposition to 
R5 or dual tropic HIV-1 particles did not significantly change CCR7 
expression.

PGE2 enhanced CCR7-dependent migration to CCL19 of 
infected monocytes

We next assessed CCR7 function by measuring the migratory 
response of cells to the chemokine CCL19. The chemotaxis assays 
showed that PGE2 substantially increased Mono-Mac-1 cell migration 
in response to the CCR7 ligand CCL19 (Figure 2), as previously 
observed [23]. Incubation of Mono-Mac-1 cells with pseudotyped 
HIV-1 particles (NL4-3-Luc+E-R+/Adaenv or NL4-3-Luc+E-R+/
JR-FLenv) resulted in specific migration of 6.9 ± 3.8% for NL4-3-
Luc+E-R+/Adaenv and 5.9 ± 3.8 % for NL4-3-Luc+E-R+/JR-FLenv, 
which were similar to the migration behaviour of unexposed cells, 
6.2 ± 3.5 % (Figure 2A). In contrast, exposition to fully infectious 
HIV-1, NL4.3balenv or 89.6, induced a significant augmentation in 
the percentage of migrating cells compared to the unexposed Mono-
Mac-1 cell control (Figure 2B). Interestingly, PGE2 treatment of cells 
exposed to either pseudotyped or fully infectious viruses increased 
the percent of migrating cells to levels similar to unexposed Mono-
Mac-1 cells (Figure 2A and Figure 2B). We demonstrated that the 
observed migration was CCR7 specific by showing a loss of migration 
upon blocking CCR7 (data not shown).

Binding of chemokines to their receptors causes a characteristic 
increases in cytosolic calcium, which is one of the earliest biochemical 
events that occur in response to chemokines [34]. Thus, we 
hypothesized that treatment of cells with the potent intracellular Ca2+ 

chelator, BAPTA/AM [35], would block the migration-promoting 
actions of PGE2. In cells treated with PGE2, we observed 19.7 ± 6.9% 
cell migration but pretreatment with 25  µM BAPTA/AM reduced 
migration to 2.9 ± 1.6% (Figure 3) without affecting cell viability 
(data not shown). These observations establish a primary role for 
intracellular calcium signaling in the PGE2-induced migration of 
Mono-Mac-1 cells in response to CCL19.

To further investigate the effects of PGE2 on CCR7-dependant 
migration of HIV-1-exposed monocytes, we repeated this series of 
experiments with freshly isolated human blood monocytes. These cells 
were exposed to different strains of pseudotyped viruses or replication 
competent HIV-1 clones and then HIV-1-exposed blood-isolated 
monocytes were left untreated or treated with PGE2 for 24 hours. 
Cells were then assessed for CCL19-specific migration as described 
above (Figure  4). While HIV-1 exposure reduced the number of 
migrating monocytes, PGE2-treatment significantly increased specific 
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migration toward CCL19. Migration analysis of monocytes that 
were exposed to replication competent viruses showed significantly 
decreased numbers of migrating cells (Figure 4A compared with 
Figure 4B). However, the impaired migration observed in HIV-1-
exposed cells was reversed by PGE2 treatment, resulting in migration 
levels corresponding to PGE2-treated uninfected monocytes. 
Importantly, our results indicate that HIV-1-exposition perturbed 
CCR7 expression in freshly isolated blood monocytes leading to a 
generalized defect of CCR7-dependent chemotaxis. This defect was 
reversed by the addition of PGE2. These data support the above results 
obtained by flow cytometry analysis of CCR7 surface expression 
observed in HIV-1-exposed blood monocytes treated with PGE2.

Next, we investigated whether the HIV-1 envelope glycoprotein 
directly regulated chemotaxis by exposing freshly isolated monocytes 
to the VSV-G pseudotyped virus NL4-3-Luc+E-R+/VSVenv. As shown 
in figure 5, exposition to virus particles where the gp120 was replaced 
by the VSV glycoprotein did not significantly reduce the percentage 
of migrated cells in the absence of PGE2 (uninfected cells: 12.8 ± 
3.2% and NL4-3-Luc+E-R+/VSVenv infected cells: 10.9 ± 6.7%). Our 
results suggest that the interaction of gp120 with its receptor (s) on 
monocytes could be implicated in CCR7-driven migration.

HIV-1-exposed monocytes can transfer infection to 
susceptible cells

Finally, we evaluated whether HIV-1-exposed monocytes that 

         

Figure 3 : CCL19-specific migration of HIV-1-exposed Mono-Mac-1 is 
dependent of calcium

Mono-Mac-1 cells were exposed the indicated clone of HIV-1. HIV-1-exposed 
cells were left untreated or treated with 1 μM PGE2 for 24 hours. Cells were 
then treated with 50 μM BAPTA/AM or vehicle for 10 minutes and migration 
to CCL19 was evaluated using an in vitro chemotaxis assay. Each set of data 
represents a different blood donor. **p < 0.01; *p < 0.05 compared to mock-
treated cells; #p < 0.01 compared to cells treated with BAPTA/AM.

         

Figure 2 : PGE2 enhances CCL19-specific migration of HIV-1 exposed Mono-Mac-1

Mono-Mac-1 cells were exposed to the indicated strains of pseudotyped (A) or replication competent (B) viruses. HIV-1-exposed cells were left untreated or treated 
with 1 μM PGE2 for 24 hours and migration to CCL19 was evaluated using an in vitro chemotaxis assay. Results were obtained from at least four independent 
experiments. **p < 0.01; *p < 0.05.

• Page 4 of 7 •
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migrated in response to CCL19 were able to efficiently spread the 
virus to TZM-bl indicator cells (Figure 6). Treatment of NL4.3balenv-
exposed monocytes with PGE2 significantly increased the relative 
infection indice (RLU/number of migrated cells in the lower chamber 
of the Transwell) compared to untreated HIV-1-exposed monocytes 
(Figure 6). Together the data demonstrated that PGE2 considerably 
regulates the capacity of HIV-1-exposed monocytes to migrate 
toward CCL19 and transmit the virus to uninfected host cells.

Discussion
Monocytes are recognized as multifunctional contributors to 

immune function but many questions remain to be answered, such 
as how monocytes acquire trafficking and migration behaviors. 
Although it is controversial that monocytes are susceptible to HIV-1, 
several studies have reported that circulating monocytes are indeed 
infected in vivo and can serve as important reservoirs of HIV-
1, especially in patients with late-stage disease and opportunistic 
infections [1,6-12,36]. Monocytes are regarded as early targets for 
HIV infection and as an important viral reservoir. Indeed, infected 
monocytes are important short-lived viral pool that upon entering 
tissues differentiated into macrophages (reviewed in [37]) On 
the other hand, HIV infection causes an early increase and a late 
decrease of CCL19 and CCL21 that are associated with disease 
progression [38-40], HIV replication in T cells [41,42], as well as 

         

Figure 4 : PGE2 enhances CCL19-specific migration of HIV-1-exposed monocytes

Freshly isolated blood monocytes were exposed to the indicated clones of pseudotyped (A) or replication competent (B) viruses. HIV-1-exposed cells were left 
untreated or treated with 1 μM PGE2 for 24 hours and migration to CCL19 was evaluated using an in vitro chemotaxis assay. Each set of data represents a different 
blood donor. ***p < 0.005; **p < 0.01; *p < 0.05.

         

Figure 5 : HIV-1 envelope proteins regulate CCR7-dependent chemotaxis

Freshly isolated blood monocytes were exposed to VSV-G pseudotyped HIV-
1. Virus-exposed cells were left untreated or treated with 1 μM PGE2 for 24 
hours and migration to CCL19 was evaluated using an in vitro chemotaxis 
assay. Each set of data represents a different blood donor. *p < 0.01.
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Figure 6 : HIV-1-loaded monocytes responding to CCL19 can transfer 
HIV to susceptible cells in the presence of PGE2

Mono-Mac-1 cells were exposed to replication competent HIV NL4.3balenv 
and left untreated or treated with 1 μM PGE2 for 24 hours. Cells were 
subjected to the in vitro chemotactic assay using CCL19 and the migrated 
cells were added to the TZM-bl indicator cell line. Cells were co-cultured 
for 2 hours, the inoculum was washed off, and cells were cultured for 
an additional 48 hours. The luciferase activity in the TZM-bl cells was 
evaluated. *p < 0.05.

the release of inflammatory mediators [39]. However, the impact 
of HIV-1 exposure on CCR7 expression in monocytes was still not 
characterized. Here, we have shown for the first time that exposition 
of freshly isolated human monocytes to R5 and dual-tropic HIV-1 
altered CCR7-dependent migration in response to CCL19.

Firstly, this study demonstrated that HIV-1-exposition of human 
monocytes impaired CCR7-dependent migration in response to 
CCL19 and this required gp120 binding to human monocytes. This 
disruption of CCR7-dependent monocyte chemotactic function 
in HIV-1 infection may have major consequences on monocyte 
circulation given that CCR7 play an essential role in immune cells 
entry to lymph nodes. Due to defective CCR7 functions, monocytes 
exposed to HIV are likely to enter and circulate within peripheral 
tissues less efficiently, leading to decreased recognition pattern. 
The virus, to favour its dissemination, may exploit this mechanism. 
Furthermore and in concordance with our study, HIV infection was 
associated with reduced T-cell migration in response to CCL19 [43]. 
It was also shown that, in spite of preserved CCR7 expression, CCR7-
dependent chemotactic responses were significantly decreased within 
most T-cell subsets from viremic patients, including naïve, central 
memory, and effector memory CD4+ T cells and naïve, central memory, 
and effector CD8+ T cells. Further, this defect in T-cell chemotaxis 
was only partially corrected by effective HAART treatment [43]. 
Our data are also supported by an investigation identifying a novel 
defect in CCR7 expression of plasmacytoid dendritic cells (pDCs) in 
pediatric patients with progressive HIV disease. The failure of CCR7 
up-regulation was associated with failure of immune reconstitution 
and with ongoing plasma virus replication [44]. They proposed that 
failure to up-regulate CCR7 could be an impediment to the homing of 
pDCs to lymphoid tissue resulting in impaired maturation of myeloid 
DCs and impaired T-cell activation. In addition, it has been recently 
shown that respiratory syncytial virus infection can dowregulate 
CCR7 expression in newborns leading to delayed innate and adaptive 
immune activation [45]. Taken together, these data suggests that HIV 

has an important impact on cell circulation but the mechanism of 
HIV inhibition of CCR7 functionality remains to be fully defined.

Secondly, because serum levels PGE2 is a hallmark of the 
progression of HIV infection and contributes HIV pathogenesis, we 
also investigated its effect on the migratory capacity of HIV-exposed-
monocytes. We assessed both the cell surface expression of CCR7 
and CCR7 response to its ligand CCL19. As previously observed, 
we confirmed that PGE2 induced functional CCR7 expression on 
blood monocytes and Mono-Mac-1 cells, enabling them to respond 
to and migrate toward CCL19. Interestingly, PGE2-treatment of 
HIV-exposed blood-isolated monocytes restored their potential to 
migrate in response to CCL19 to a level comparable to PGE2-treated 
unexposed monocytes. The cellular and molecular mechanisms 
responsible for this are being pursued in our laboratory. Since CD16+ 
monocytes are sensitive to HIV-1 infection and they serve as a major 
virus reservoir [8,46], restoration of CCR7 function due to PGE2 may 
influence the pattern of cell recirculation, allowing cells to be directed 
to lymph nodes, Peyer’s patches as well as other sites [9,13,15-
18]. Moreover in our study, we also demonstrate that monocytes 
exposed to HIV-1 in the presence of PGE2 transfer HIV-1 particles to 
uninfected susceptible cells in response to CCL19. These findings may 
have important implications in HIV-1 dissemination to anatomical 
reservoirs. Indeed, interactions between prostaglandins, leukotrienes 
and HIV-1 may modulate HIV infection and contribute to the viral 
dissemination to anatomical reservoirs such as the central nervous 
system (reviewed in [47]).

The demonstration that CCR7 expression and functionality 
is restored by PGE2 in monocytes is not a universal phenomenon 
because chemokines receptors for other chemoattractants such as 
CCR5, CCR2 or CXCR4 are not affected by the same manner. The 
expression of CCR5, the receptor for RANTES, which may affect not 
only leukocyte migration, but also infectivity by HIV-1, has been 
shown to be down-regulated by PGE2 in monocytes [48,49] whereas 
CCR2 and CXCR4 expression were not affected [49]. While Thivierge 
et al. [48] showed that exposure to PGE2 reduced chemotaxis of 
monocytes in response to MIP-1β, Panzer and Uguccioni [49] clearly 
demonstrated that PGE2 enhances the migration in response to 
MCP-1, RANTES and SDF-1. Altogether, these data indicate that in 
inflammatory conditions, the up-regulated production of PGE2 by 
monocytes or tissue cells might favor the migratory capacity towards 
locally expressed inflammatory chemokines. By extension, monocytes 
in close contact with HIV-1 or infected by HIV-1 might disseminate 
the virus throughout the body.

Conclusion
In summary, our findings suggest a complex interplay between 

HIV and PGE2 for the expression of functional CCR7 on monocytes. 
In one hand, HIV exposition impairs CCR7-specific migration in 
monocytes. In the other hand, PGE2 found in serum of HIV-1 infected 
individuals in concentrations that increase over the time, restores 
the migratory capacity of HIV-1-exposed monocytes to CCL19. 
Our data reinforce the concept that PGE2 is a key mediator in CCR7 
functionality. Since CCL19 and CCL21 production is induced in 
early phases of HIV-1 infection and serum level of PGE2 is amplified, 
circulating HIV-1-loaded monocytes may accumulated in peripheral 
lymph nodes as well as in other sanctuary sites such as brain where 
they can spread the infection to other susceptible cells.
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