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ABSTRACT: Phenomenon such as cold agglutination of red blood cells and platelets are well 

recognized and extensively studied. Nevertheless, aggregation of leukocytes in vitro is a rare 

phenomenon and may result in pseudoleukopenia. The exact mechanism for this phenomenon 

has not been elucidated. We report one such rare case where a male patient with HIV presented 

with leucopenia. The analysis of ethylene diamine tetraacetic acid (EDTA) anticoagulated blood 

was done on Coulter LH 750 hematology analyzer. The Volume Conductivity Scatter (VCS) 

parameters and histogram generated were inconclusive .The peripheral smear revealed small 

aggregates of leucocytes. The leucoaggregates were reversed on incubating the blood sample at 

37 degree Celsius for 30 minutes. This suggests the role of a temperature dependent antibody 

causing clumping of leucocytes; possibly in conjunction with EDTA. 
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INTRODUCTION:  The increasing application of automated analyzers for routine hematological 

procedures has several advantages. But a possibility of spurious results is never out of bounds. 

They may be due to the interaction of blood cells with serum antibodies reacting with drugs or 

additives in reagents. Among these, platelet aggregation, neutrophil-platelet clumping 

(satellitosis), and aggregation of nucleated red cells, resulting in pseudo thrombocytopenia or 

pseudoleukocytosis have been repeatedly described.1,2,3  Aggregation of neutrophils in 

peripheral blood smears, also referred to as leucoaggregation, neutrophil agglutination 

granulocyte aggregation, or leukocyte clumping, is a very rare, mostly self-limiting phenomenon 

in patients. It has been reported sporadically in the hematological literature.1,3,4,5 

In the majority of cases, malignancies, infections, or hepatic disorders have been 

identified as the underlying condition. The exact mechanism for neutrophil aggregation in vitro 

has not been elucidated. Its relation to the use of ethylene diamine tetra acetic acid (EDTA) as 

an anticoagulant has been described in all reports. While the role of cold antibodies in 

erythrocyte clumping is a recognized event, aggregation of neutrophils in vitro, by the same 

yardstick is only speculated.  In such cases, the machine values are not an accurate reflection of 

the patient’s condition. Thus, recognizing this phenomenon on the peripheral smear and 

correlating with the clinical parameters are necessary. 

We present a unique dilemma, where a temperature dependent antibody could have 

been implicated for leucoagglutination.  
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CASE REPORT: A 50 year old male patient, admitted to the hospital following psychiatric 

problems since 10 months. He had a significant past history of retroviral illness, diagnosed 10 

years ago. He was placed on HAART therapy for the same. He also had bilateral cervical 

lymphadenopathy which was firm and matted. Remaining lymph nodes were not enlarged. 

Other systems were within normal limits on examination. The chest radiograph demonstrated 

multiple small opacities, suggestive of miliary tuberculosis.  

Laboratory investigations revealed an elevated erythrocyte sedimentation rate (ESR) of 

110 mm (1 hour). The complete blood counts (CBC) done on Coulter LH 750 hematology 

analyzer (Beckman Coulter, Fullerton, CA) showed  a total leucocyte count of 2.9x103/ cu.mm. 

(Fig. 1)  

The RBC and WBC histograms revealed the following data (Fig.2) 

The total WBC count of 2.9x103/ cu.mm with a differential count of neutrophils (55%), 

lymphocytes (30%) and monocytes (12%). The platelet count was 125x103/ cu.mm. 

The microscopic examination of the peripheral smear showed a normal total WBC as 

opposed to the leucopenia flagged by the analyzer. The neutrophils were seen as small 

aggregates, some as large clumps at the edges and the tail-end of the smear (Fig.3).  The 

lymphocytes and the few monocytes were arranged discretely, suggesting that this 

phenomenon of clumping was restricted to neutrophils alone. 

A repeat smear was assessed from the same sample to rule out technical errors such as 

poor spreading of the blood film on the glass slide which could cause artefactual aggregates of 

leucocytes. The microscopic findings of the repeat smear however, were consistent with the 

earlier smear.  

The next step was warming the sample to 37 degree Celsius for 30 min and then 

repeating the smear. The smear revealed reversal of the clumping of the neutrophils, now seen 

as singly arranged cells. (Fig.3) 

The clinician was requested to provide additional details so that we could explain the 

laboratory and smear findings. The serology tests (ELISA) revealed that the patient was 

seropositive for HIV. The C reactive protein (CRP) was elevated (62mg/L). The liver function 

tests and renal function tests were normal. This data along with the smear findings prompted us 

to consider the role of autoantibodies.  

We requested a serological study of antibodies, which showed an increase in IgM levels.  

After a review of the available literature, we suggested a possibility of an antibody-mediated 

leucocyte clumping and the subsequent pseudoleukopenia 

 

DISCUSSION: The aggregation of leukocytes in vitro is a rare hematological phenomenon, and 

most reports in literature are based on single cases studies. This phenomenon may relate to 

malignancies, infections, hepatic disorders or autoimmune diseases.7This has also been noted in 

apparently healthy subjects as well.8 In the vast majority of reported cases of neutrophil 

aggregation, agglutination was confined to mature neutrophils, but rosetting of mature forms 

around immature neutrophils has been described as well as aggregation of neutrophils with 

platelets.6 The pattern of neutrophil agglutination may show considerable variation with small 

aggregates consisting of less than 10 cells as well as leukocyte clumps of more than 100 cells. 

It is believed that the mechanism of leukocyte aggregation is mainly related to the use of 

K2 EDTA anticoagulant or is temperature-mediated.1,9,10,11 In our case, the EDTA was the 

anticoagulant used. This hints at a possibility of a form of K2EDTA-related, cold antibody of IgM 

type in the patient’s serum. The serum IgM antibody titre was elevated in our case. The reversal 
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of clumping of the neutrophils after warming the sample also underlines the temperature 

dependent nature of this reversible phenomenon. 

It is also postulated that the formation of leucocyte aggregates is a time-dependent 

phenomenon.8,12  Thus, the number and size of the aggregates of a particular patient are 

dependent on the elapsed time interval between drawing blood into EDTA and preparation of 

the blood smear and/or the analysis in the Coulter.8The analysis of the sample in our case was 

conducted on in Coulter LH 750 hematology analyzer ( Beckman  Coulter, Fullerton, CA)  within 

20 minutes of phlebotomy.  The ensuing smear was prepared and reviewed within the next 30 

minutes; thus showing a mixture of both small and large clumps of neutrophils. The repeat 

smear from the sample however showed a marginal increase in the size of the neutrophil 

aggregates; possibly testifying to the time dependent nature of the event. 

In addition, the VCS parameters are expected to change when leukocyte aggregation 

occurs. The Coulter VCS technology establishes the WBC differential using 3 measurements: 

individual cell volume, high-frequency conductivity, and laser-light scatter. The WBC volume is 

measured using impedance; the cells are in their near-native state, and this gives a good 

indication of the cell volume as it circulates in the blood.13  When several leukocytes aggregate 

together, the volume of WBC increases and would not be counted or would only be counted as 

one. This is because the volume exceeded the range of WBCs and the measurement therefore 

could result in pseudoleukopenia. This principle also explains the spurious decrease in the total 

leucocyte count in our case. 

One of the VCS parameters, Mean Neutrophil Volume (MNV) is also expected to increase 

with the increase in the extent of leukocyte aggregation.14 The maximum MNV in our case was 

155(normal range of MNV is 138.2 to 147.8) The Neutrophil Distribution Width (NDW) is a 

parameter that reflects the difference in size of neutrophils (normal range of NDW is 19.0 ± 1.5) 

and it increases in cases of acute infection, inflammation, leukemia, or malaria.15 When the 

leukocytes aggregated, the WBCs become variable in volume and NDW increased markedly as a 

result. The maximum in our case was 29.6. This differs greatly from the reported level of NDW 

in acute infection (24.4 ± 4.5) and reported level in malaria (22.5 ± 3.5). In our cases, the 

disproportionate increase of NDW suggests that it could be used as an adjunct indicator of 

leukocyte aggregation along with the unexplained low WBC counts. 

It is also an established knowledge that HIV infection can induce both warm and cold 

autoantibodies; thus contributing to cytopaenias.16 Our case was tested positive for HIV; which 

could possibly account for the source of the IgM antibodies. So far, there is only one case report 

in which a Mycoplasma infection has been found concomitantly with granulocyte 

agglutination.17Although there is consensus on a causative role of EDTA in the formation of 

leukocyte aggregates, the role of anti-IgM antibodies has been gradually gaining acceptance.17  

 

CONCLUSION:  Leucoagglutination is a rare phenomenon. But when it is noticed in routine 

medical practice, it can be a vital clue to the underlying disease. Thus it is incumbent on the 

hematopathologist to be aware of this event and identify the consequences and aetiology of this 

rare entity.  

 

ABBREVIATIONS: 

VCS- Volume Conductivity Scatter  

K2-EDTA –Dipotassium ethylene diamine tetraacetic acid 

HAART- Highly Active Anti-Retroviral Therapy 
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CRP- C reactive protein  

MNV-Mean Neutrophil Volume  

NDW-Neutrophil Distribution Width  
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Fig.1:  The VCS parameters in Coulter LH 750 hematology analyzer   (Beckman  Coulter, 

Fullerton, CA) 

 

 

 
 

 

Fig.2: Peripheral smear showing small aggregates of leucocytes (Leishman; x 100) 
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Fig.3: Peripheral smear showing discretely spread out leucocytes after warming the sample for 

370C for 30 minutes (Leishman; x 100) 

 

 

 

 

 


