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Background: polyclonal peripheral blood plasmacytosis has occasionally been described in 

dengue virus (denV) infected patients. We initiated this prospective observational study to 

quantify and describe the kinetics and phenotype of peripheral blood plasma cells (pCs) in 

these patients.   

methods: morphological examination and flow cytometric (FC) analysis for the characterization 

and immunophenotyping of lymphocyte subsets and pCs were performed in 35 and 31 patients 

suspected of denV infection, respectively.   

results: our results show that blood plasmacytosis is a very common haematological finding. 

depending on the days of illness at presentation, blood plasmacytosis was observed in 64% to 

73% of patients. Blood plasmacytosis was the most pronounced before 7 days of illness and 

declined rapidly thereafter, to completely disappear after 14 days of illness. Blood plasmacytosis 

was higher in secondary denV infection. the majority of Cd138+ pCs (89%) had a shared 

immunophenotype (Cd45+/Cd19-/Cd56-) and in all cases the pCs were polyclonal.   

conclusions: Blood plasmacytosis, characterized by a transient presence of polyclonal pCs in 

the circulation, is a common event in denV infection. Blood pCs may play a role in the humoral 

immune response to and pathogenesis of dengue.  

 

1. introDuction  

dengue is the infectious disease which is caused by dengue virus (denV). denV transmission 

primarily takes place through bites by the mosquito vectors aedes aegypti and aedes 
albopictus.112;245 denV is a single-stranded, positive-sense rna virus. there are four denV 

serotypes which, based on antigenic and genetic differences could be regarded as four distinct 

virus species (denV1-4).  all serotype are capable of infecting and replicating in numerous 

human cells, including dendritic cells, monocytes/macrophages, B cells, t cells, endothelial 

cells, hepatocytes and neuronal cells in vivo. although a consensus that the mononuclear 

phagocyte lineage cells (monocytes and macrophages) constitute the primary targets for 

replication based on clinical and autopsy studies, there is still controversy about the primary 

target cell type(s) targeted in humans.137   

 

infection by one of the four denV serotypes cannot be distinguished on clinical grounds; all 

serotypes can cause a spectrum of clinical manifestations that varies from mild undifferentiated 

febrile illness to severe dengue, including dengue hemorrhagic fever (dhF) and dengue shock 

syndrome (dss) of which the latter is the most life threatening.309 the pathogenesis of severe 

denV infection is poorly understood. one of the characteristic features of dengue is the 

occurrence of leucopenia and thrombocytopenia, probably resulting from virus induced bone 

marrow suppression.166 this is non-specific and not exclusively seen in dengue. 

thrombocytopenia may worsen as a result of coagulopathy and vasculopathy in patients with 

severe disease. despite the general bone marrow suppression, blood plasmacytosis has been 

reported in a few patients with denV infection.21;75 however, the frequency of blood plasma-

cytosis in patients with dengue infection, the origin of these plasma cells (pCs) and the 

mechanisms by which they appear in the blood are not known.   

 

Blood plasmacytosis is an unusual haematological finding that is most commonly seen in 

plasma cell leukaemia or advanced stage multiple myeloma, in which case the plasma cells 

are part of the malignant clone and thus are monoclonal. non-malignant reactive peripheral 

plasmacytosis is occasionally found in a variety of diseases, such as tumours, autoimmune 

disorders, and infectious diseases including sepsis, primary infection and reactivation of 

epstein-Barr virus, acute respiratory infections, parvovirus B19 infection, rubella and hepatitis 

virus a infection.136;149;150;214;223;251  

 

in this study, we prospectively quantified and described blood plasmacytosis in returned 

travellers with denV infection. We also characterized the immunological phenotype of these 

pCs by flow cytometry and explored associations with viral load, the appearance of anti-denV 

igg antibodies, and the presence of primary or secondary denV infection.  

 

2. materials anD methoDs  

 

2.1 sTuDy siTe anD sTuDy populaTion  
returned travellers presenting with a history of less than 14 days of fever, clinically suspected 

of dengue, were included at the department of tropical diseases, academic medical Center, 

amsterdam, the netherlands. Blood samples were collected from each patient for routine 

diagnostic procedures. all samples were tested by enzyme-linked immunosorbent assay 

(elisa) for anti-denV igm and igg antibodies and denV real time reverse transcriptase 

polymerase chain reaction (rt-pCr). morphological examination and flow cytometric (FC) 

analysis of blood were performed within 24 hours after the blood was drawn. all patients at 

this department are routinely informed that their data can be used for observational studies. 

all patients consented to participate in this study.  

 

2.2 Dengue DiagnosTics  
serum samples were routinely tested for dengue antibodies with direct igg enzyme-linked 

immunosorbent assay (elisa) and igm-Capture elisa (panbio tech Co, Brisbane, australia). 

For real time rt-pCr, rna was isolated from blood plasma as described elsewhere.23 rna was 

reverse transcribed and amplified using an internally controlled and quantitative serotype-

specific, taqman-based assay as described elsewhere.170 Quantitative results were expressed 

as cdna equivalents per ml. the rt-pCr and elisa results were used for diagnosis and 

classification of dengue infection.  
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2.3 classificaTion of primary anD seconDary Dengue  

acute primary denV infections were confirmed by rna detection and/or detection of dengue 

specific igm antibodies in acute samples, in the absence of dengue serum specific igg 

antibodies. a negative first acute sample for dengue serum specific igm antibodies with 

seroconversion for igm antibodies within 7 to 14 days was also considered as primary dengue. 

acute secondary denV infections were confirmed on acute samples (less than 14 days) with 

positive igg results and detection of viral rna, either with or without detectable dengue serum 

specific igm antibodies.   

 

For patients who presented with both positive igm and igg results in the first acute sample, but 

without detectable rna by rt-pCr, the ratio between the igm and igg concentrations was 

used to distinguish primary and secondary infections. a ratio of anti-dengue igm to igg of 

greater than or equal to 1.8 was the criterion for primary dengue infection; values lower than 

1.8 were considered to indicate secondary infections.132 the patients for whom the diagnosis 

denV infection was not confirmed were grouped as other febrile illness (oFi) and included in 

this study as controls.  

 

2.4 morphological examinaTion  

a complete blood count with differential was performed on an automated cell counter (sysmex 

xe-5000, sysmex Corporation, Kobe, Japan). Blood smears were fixed and stained first with 

may-grünwald eosine-methylene blue and then after rinsing with giemsa’s azur eosine 

methylene blue solution (merck). 100 white blood cells per slide were scored by one experienced 

technician blinded for disease outcome with a binocular microscope at x100 magnification. 

lymphocytes were scored as normal lymphocytes, atypical lymphocytes (with abundant 

cytoplasm), plasmacytoid lymphocytes or pCs.  

 

2.5 flow cyTomeTry analysis of peripheral BlooD  

erythrocytes were lysed using ammoniumchloride and washed twice with phosphate-buffered 

saline. thereafter, the cell suspension (100 μl) was mixed in tubes with 5 μl of undiluted 

monoclonal antibodies (mabs) conjugated with fluorescein isothiocynate (FitC), phycoerythrin 

(pe), r-phycoerythrin coupled to the cyanine dye Cy5™ (pe Cy5), r-phycoerythrin coupled to the 

cyanine dye Cy7™ (pe Cy7), allophycocyanine (apC), allophycocyanine coupled to the cyanine 

dye h7 (apC-h7) and horizon™ or anemonia majano cyanine (amCyan) for the following cell 

surface markers: Cd3, Cd5, Cd8, Cd10, Cd14, Cd19, Cd45, kappa and lambda lights chains 

F(ab’)2  (daKo a/s, denmark), Cd4 (sanquin, the netherlands) Cd138, Cd16/56 (immuno Quality 

products, the netherlands) in a four-tube assay. after adding the mabs, the cells were incubated 

in the dark for 15 minutes at room temperature. Fluorescence intensity was determined with an 

eight-color FaCsCanto™ (Bd Biosciences, usa) flow cytometer. mononuclear cells were gated on 

the basis of forward and side light-scattering properties and subtyped on the basis of cluster of 

differentiation (Cd) molecule expression. isotype-matched control mabs were used to define 

background fluorescence. on average, 1 x 104 events were acquired and analyzed using 

CellQuest software (Bd Biosciences, usa). For demonstration of pCs a lower limit of detection  

of 0.2 % of cells expressing the surface marker Cd138 was applied.   

 

2.6 sTaTisTical analysis  

statistical calculations were performed using spss (version 17.0, spss inc. illinois). results 

were summarized in terms of medians and ranges for continuous data and non-parametric 

tests were used to compare within groups. For dichotomous variables, Fisher’s exact test was 

performed. the mann-Whitney test was used for non-normally distributed variables. a  

two-tailed p-value of 0.05 was considered to be statistically significant.  

 

3. results  

 

3.1 sTuDy populaTion  
morphological examination of the blood smear was performed in 35 returned travellers with 

suspected denV infection presenting at our hospital between september 2008 and June 2009, 

of whom FC analysis for immunophenotyping of pCs was done in 31 patients. demographic 

information and travel history of the 35 returned travellers is shown in table 1. denV infection 

was confirmed in 28 of 35 patients, of whom 15 had primary infection and 13 had secondary 

infection and seven patients were classified as oFi.  
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table 1. demographic data of returned travellers with dengue virus infection.

Df 
(n=28)

ofi 
(n=7)

p

male/Female 12/16 5/2 ns

age* 39.4 (21.0-73.6) 42.8 (26.3-64.0) ns

days ill at presentation* 5.8 (1-12) 4.7 (0-9) ns

dengue classification

     primary 15 -

     secondary 13 -

serotype

     denV-1 12 -

     denV-2 3 -

     denV-3 - -

     denV-4 - -

     denV-1/denV-2 3 -

travel history

     africa1 - 1

     asia2 5 1

     Central america/Caribean3 14 4

     south america4 9 1

* mean (range) dF, dengue Fever; oFi, other febrile illness; ns, not significant 
mauritius; 2 indonesia, thailand, Cambodia; 3 aruba, Bonaire, Curacao, dutch antilles and panama; 4 suriname

 

 

From the 35 patients, 47 blood samples, collected on 0 to 32 days after the onset of 

symptoms, were morphologically examined. White blood count (WBC) subsets, stratified 

by days after onset of symptoms are presented in figure 1a. overall, blood plasmacytosis 

was demonstrated in 16/28 (57%) returned travellers with confirmed denV infection. 

the frequency of plasmacytosis was 73% (11/15) among patients from whom blood 

was collected during the first 7 days of illness. among patients from whom a blood 

sample was collected during the first 14 days of illness (doi), plasmacytosis occurred in 

64% (16/25). plasmacytosis was not observed in any of the 7 patients with oFi.  

 
3.2 kineTics of plasmacyTosis  
during the first 7 days of illness, the median plasma cell count in denV patients was 2.5% 

(25-75 interquartile range (ir): 0 - 8 %) of the total white blood cell count (figure 1a); the 

median absolute plasma cell concentration was 8.4 x107/l (25-75 ir: 0 - 3.5 x 108/l). the 

pC distribution by days of illness, including in eight patients with denV infection for whom 

sequential samples were available, is shown in figure 1B and d. Figures 1C show a typical 

example of a pC and plasmacytoid lymphocyte in a patient with secondary denV infection. 

 
3.3 immunophenoTyes of cD138+pcs in Denv infecTion  
the antigen profiles of lymphocytes and plasma cells (Cd19, Cd16/Cd56, Cd3, Cd4, Cd8, 

Cd138) are presented in  figure 2 for 25 patients with denV infection and 6 patients with 

oFi. the lymphocyte subsets did not differ significantly between patients with denV infection 

and patients with oFi, with the exception of pCs, characterized by being Cd138+.  in patients 

with denV infection, pCs were detected during 15 days after onset of illness. the pCs were 

polyclonal in all cases with a mean kappa/lambda ratio of 1.3 (49.3:37.9). subsequent 

immunophenotyping of pCs in the 19 patients with plasmacytosis revealed a shared phenotype: 

in 17/19 cases the majority of the pCs was Cd138+/Cd45+/Cd19-/Cd56-. a linear correlation 

was observed between the percentage of pCs as assessed by morphology and by flow 

cytometry (r2 = 0.85).

Figure 1. White blood cell subset and the kinetics of peripheral blood plasma cells in denV infected 
patients. (a) leukocyte profile, determined by mgg staining, in patients with denV infection stratified 
by days of illness. data indicate median and 25-75% ir. l, lymphocyte; al, atypical lymphocyte; pl, 

plasmacytoid lymphocyte; pC, plasma cell; ng, neutrophil granulocyte; m, monocytes. no plasma cells 
were found in patients with oFi. (B & d) distribution of percentage (B) and absolute (d) plasma cells 
(of total WBC) by days of illness in patients with denV infection. the kinetics of sequential plasma 

cells results in 8 patients with denV infection are indicated by connected lines. (C) plasma cell (left) 
and plasmacytoid lymphocyte (right) in peripheral blood of a patient with secondary denV infection. 

(magnification x100)
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3.4 associaTion BeTween plasmacyTosis wiTh viral loaD,   
anTi-Denv igg anTiBoDies, primary anD seconDary Denv infecTion  
Viral rna was detectable in 18 of 28 denV patients, of whom 12 patients had primary and 6 had 

secondary denV infection. the viral rna levels ranged from 6.2 × 102 to 4.7 × 109/ml in denV-1 

infection and 8.9 × 104 to 1.6 × 109/ml in denV-2 infection. there was no correlation between  

denV load and the percentage of blood pCs or with blood pCs concentration (data not shown). 

 

morphological examination and anti-denV igg serology was performed on the same day in 

12 samples from 10 patients with secondary denV infection. Figure 3a shows percentages 

of pCs by anti-denV igg optical density ratios (odr) stratified by days of illness. the anti-

denV igg odr increases beyond five days of illness, which is indicative of an increase of 

anti-denV igg concentration in serum. a negative correlation was observed between igg 

odr and the percentage of pCs, but this did not reach significance (P = 0.053).  

 

the median percentage of pCs was significantly higher in secondary than in primary 

dengue (4.5% versus 1.0%, respectively, P = 0.05, figure 3B) when day of illness was not taken  

into account. the difference was even more striking during the first 7 days of illness (15%  

 versus 0.0%, respectively, P = 0.005).  

 

4. Discussion  

this is the first prospective study demonstrating that blood plasmacytosis, characterized 

by a transient increased amount of polyclonal pCs in the circulation, is a common hemato-

logical event in denV infection. the plasmacytosis was most pronounced during the 

first week of disease and disappeared completely within two weeks. the pCs were all 

polyclonal by origin; the predominant immunophenotype was Cd138+/Cd45+/Cd19-/Cd56- 
.  

 

Bone marrow pCs are long-lived non-proliferating cells generated as part of the humoral 

immune response to infections. memory B cells that are activated by antigen in the secondary 

lymphoid organs differentiate into plasmablasts that migrate to the bone marrow where they 

develop into pCs.28 in contrast to bone marrow pCs, plasmablasts are short-lived proliferating 

cells and plasmablasts normally represent less than 0.1% of peripheral blood mononuclear 

cells (pBmCs).111 also pCs are usually not observed in peripheral blood and non-malignant 

blood plasmacytosis in denV infection thus far has only been described in two reports.21;75   

 

Circulating (Cd138+) pCs can be regarded as pC progenitors or early or mature pCs. the 

differentiation of B cells into pCs is regulated by transcription factors such as BCl6, pax5,  

Blimp-1, irF-4 and xBp-1 and is characterized by a number of changes in B-cell surface  

molecules. Cd19, Cd20, Cd21, Cd22, and Cd45 expression are down regulated, whereas 

Figure 3. plasma cells, anti-denV igg antibodies, primary and secondary denV infection.  
(a) denV serum specific igg antibodies and plasma cells (by mgg staining), by days of illness in patients with 

secondary denV infection. (B) plasmacytosis (% of total WBC) in primary and secondary denV infection by 
days of illness. data indicate median and 25-75% interquartile range.

Figure 2. general lymphocyte profile, plasma cells clonality and plasma cell  
immunophenotype in denV infected patients. general lymphocyte profile by FC analysis in patients with denV 
infection and oFi, stratified by days of illness. l: lymphocyte; Cd19+: B cell; Cd16+/Cd56+, natural killer cell; 

Cd3+, t cell; Cd3+/Cd4+, Cd4+ t cell; Cd3+/Cd8+, Cd8+ t cell; Cd138+, plasma cell. data indicate median and 
25-75% interquartile range.
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Cd38 and Cd138 expression are upregulated.28 in fact, Cd138 is the only antigen 

that discriminates plasmablasts (Cd138-) from early and mature pCs (Cd138+). the 

surface phenotypes of pCs in the majority of denV infected patients (89%) were 

Cd138+/Cd45+/Cd19-/Cd56-. this differs from bone marrow and blood pCs from 

patients with reactive plasmacytosis, which are usually Cd19+.134;136   

 

Cd19 is a protein that is invariable present on B cell lineage cells but is lost during maturation  

to plasma cells.51 this could point at redistribution as the cause of increased number of  

plasma cells in peripheral blood. however, increased production may also play a role as 

Cd45 are expressed.29 during denV infection, virus and cytokines are detectable in blood and  

pBmCs, similar to what is seen in many other virus infections.122;130 Both B cells and monocytes 

can secrete il-6.4;145 il6 has pro-and anti-inflammatory activities but is also growth,  

proliferation and survival factor for nonmalignant and malignant pCs. polyclonal  blood pCs  

have been observed in patients with il-6 producing malignancies such cardiac myxoma and 

gastric carcinoma.141;269 il-6 has the ability to prevent plasma cells from going into apoptosis and  

thus increases the survival of pCs. other cytokines than il-6 can also be involved in the  

development of plasmacytosis. the il-6 receptor subunit glycoprotein 130 is shared with  

receptors of il-11, oncostatin m, leukemia inhibitory factor, and ciliary neutrophic factor.171 

il-11 has been detected as a growth factor of il-6-dependent plasmacytoma, and  

il-10 has been reported to stimulate myeloma cells via oncostatin m.121 denV infected 

monocytes produce il-1, which is a known inducer of il-6 and tumor necrosis factor-α 

and can induce an inflammatory response and the maturation of B cells into pCs.34 

moreover, increased levels of il-6 have been associated with dengue disease severity, 

particularly in patients with dhF and dss.130;142;173 production of il6 is also a common 

response in a variety of diseases that are not characterized by blood plasmacytosis. this 

implies that either il6 production is not the sole explanation for blood plasmacytosis 

or that plasmacytosis does occur much more often than has been hitherto recognized.  

 

B cells and monocytes in pBmCs support virus replication.137 B cells contribute to 

dengue pathogenesis by producing high titers of antiplatelet auto-antibodies and anti-

endothelial cell antibodies, which could induce increased vascular permeability.130 the 

parallel time course of denV and peripheral pCs with normalization within two weeks 

after onset of symptoms, at the time when anti-denV igg antibodies started to rise, 

taken together with the higher percentage of peripheral blood pCs in secondary denV 

infection suggests that excess stimulation of B cells and excess proliferation or release 

of pCs play an important role in the pathogenesis of severe dengue infection.  

although our study provides insight into the biology and kinetics of blood plasmacytosis in 

denV infection, the mechanism and possible role in dengue pathogenesis remain unclear. 

important unanswered questions in this respect are whether active denV replication takes 

place in peripheral pCs and whether pCs are redistributed and released from the bone marrow 

into the circulation or whether they represent an increased production  and if this is virus 

or cytokine driven? research into these questions can further address the contribution of 

peripheral pCs to dengue pathogenesis and expand our knowledge of denV infection.  
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