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The Stories of Platelet Clump

Thrombocytopenia is a condition characterized by abnormally low levels of platelets in the blood. However, falsely low 
platelet counts, or pseudothrombocytopenia (PTCP), though easily unrecognized, are found in clinical cases. It is an in vitro 
phenomenon caused by platelet clumping that results in reporting of a spuriously low platelet count by automatic hematol-
ogy analyzers.

Resolving platelet clumping has been a headache for laboratory technicians. Is there a hassle-free solution? 

Let's look at two clinical cases that happened during the COVID-19 pandemic.

The �rst case presented here was courtesy of San José Osorno Base 
Hospital in Chile. A patient had spent prolonged periods at the San 
José Osorno Base Hospital (HBSJO) between January and March 2020 
without any history of thrombocytopenia. While at HBSJO, the patient 
needed care for an acute gastric ulcer bleed and a post-surgical infec-
tion. But as COVID-19 cases rose, so did the tensions and hospitaliza-
tions at HBSJO.
 
For their safety, all non-COVID-19 patients, including this patient, 
needed to be transferred to other hospitals. He was then moved to 
Purranque Hospital for continued treatment. 

A Tale of Two Hospitals 

HBSJO
Hospitalization

Purranque
Observation & treatment

January-March 2020

April 21, 2020

April 21-25, 2020

April 25-27, 2020

April 1-20, 2020

April 20, 2020

April 25, 2020

April 25, 2020

Initial diagnosis: 
Thrombocytopenia

The truth and �nal conclusion
Recent discovery: 
non-thrombocytopenia

PLT result: 4  

PLT result: 8  

PLT result: 25 

P a t i e n t  t r a n s f e r r e d  f o r  o b s e r v a t i o n  &  t r e a t m e n t  t o  m a k e  r o o m  f o r  C O V I D - 1 3 
c a s e s

R e s u l t s  a re  c r i t i c a l l y  l o w  a n d  r e q u i re s  h o s p i t a l i z a t i o n Results critical & requires hospitalization. Initial diagnosis made and platelet transfusion of 8 units given.

No corresponding clinical phenomenon; patient returns for observationHospitalized for colon cancerP u r r a n q u e  H o s p i t a l , w h i l e  s a f e l y  a w a y  f r o m  C O V I D - 1 3 ,  c o u l d  n o t  p r o v i d e  t h e  s a m e  c o m -

prehensive services as HBSJO if an urgent clin-ical case were to arise. So, we go from one 

patient’s story to the tale of two hospitals.0
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As can be seen, the patient’ s clinical symptoms were not 
consistent with the test results that were given. In order to 
study the interference of anticoagulants on platelet counts, 
the laboratory sta� from HBSJO collected two samples 
from the patient and conducted a study on Mindray CAL 
8000 Cellular Analysis Line to test two di�erent types of 
anticoagulants - EDTA and sodium citrate (3.2%). And the 
result was as follows: Here, on the other side of the planet, we had a case of a 

23-year old male from China who was admitted to the 
Infectious Disease Department of a Chinese Hospital. 

The patient had a CBC performed on Mindray CAL 8000 
Cellular Analysis Line. According to the records, the platelet 
counts for this patient were usually 100+, but currently 
they were only at 61 which triggered a �ag for “platelet 
clump” by CAL 8000. Under the microscope, however, no 
PLT aggregation was seen.

PLT aggregation can lead to false 
diagnoses of thrombocytopenia, but it’s 
not unsolvable.

A PLT-I result was reported after the �rst measurement. 
After opening the RET channel, a PLT-O result was reported 
at the second measurement.

Looking at the results under a microscope, the truth was 
found. After an unforgettable back- and-forth between 
hospitals, the patient was �nally given the right diagnosis 
and the correct medical treatment.

A Tricky but Solvable Medical Issue

4270198(EDTA): Second measurement of PLT-I and PLT-O result

427199(sodium citrate 3.2%): Second measurement of PLT-I and 

PLT-O result 

 Histogram of the sample (left) and normal histogram (right)  

The laboratory technician did the �rst observation under a 
low-power lens, where no platelet aggregation was found.

Using an oil microscope, the number of platelets were 
evaluated again. And there was still no noticeable 
evidence of clumped PLT.
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Looking at the histogram of the sample, it should indicate 
there were small red blood cells or fragments. Compared 
to the normal scatter plot, the sample’ s scatter plot had a 
cluster of blue particles, which indicated there was platelet 
aggregation.

The technicians kept looking for clues, all the way at the 
edge of the microscope slide. 

Based on the data, checking the PLT-O numbers can 
make it easy to identify a falsely low PLT reading caused 
by PLT aggregation - and easy to avoid a misdiagnosis.
 
In both clinical cases, pseudothrombocytopenia (PCTP) 
was caused by platelet aggregation. While platelet 
aggregation is caused by both in vivo and in vitro fac-
tors, these cases focused on in vitro.

The RET channel on CAL 8000 was opened and a PLT-O 
result was reported.
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EDTA-dependent pseudothrombocytopenia (EDTA-PTCP) induced by EDTA anticoagulants is a common laboratory phenome-
non. So when it does happen and isn’t quickly identi�ed, it creates misinformation which may lead to a misdiagnosis and, 
ultimately, the wrong medical treatment for the patient.
 

The good news is that, with technological advance-
ments in laboratory medicine, more and more 
parameters can be added to the hematology 
analyzer to avoid situations like that. Currently, 
platelet testing can be done through PLT-I (based on 
DC sheath �ow impedance) and PLT-O (based on 
nucleic acid �uorescent staining and done on the 
RET channel). When there is a blood sample with a 
high possibility of platelet aggregation, the PLT-O 
detection technology by the Mindray BC-6000 Series 
Auto Hematology Analyzer and the CAL8000/6000 
Cellular Analysis Line can e�ectively correct PLT 
counts - especially when it comes to blood samples 
with pseudo-platelet reduction due to EDTA.

References:

[1] PLT case study. LABORATORIO HBSJO CHILE, Dra. Sandra.  

[2] Can you see the “coastline”? Liuzhou Municipal Liutie Central Hospital, zhenni Lu,xiaoyong Liu, jiajia Huang.

[3] PLT-O, getting a More Accurate Result for EDTA-PTCPPatients. Department of Laboratory Medicine at the Second People's Hospital inNeijiang, 

Sichuan Province. Zhenzhong Zhou.
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A Clinical Case Report

Ethylenediaminetetraacetic Acid - Pseudothrombocytopenia (EDTA-PTCP) is a laboratory artifact that may lead to an 
incorrect evaluation and unnecessary treatment of patients.

Which of the following method (or methods) would you take 
to correct platelet counts in case of an EDTA-induced platelet 
aggregation in thrombocytopenia?

Professional clinical laboratory doctors pursue accuracy and truth with the highest sense of responsibility. Nowadays, some 
clinical studies have been conducted to explore EDTA-PTCP solutions, suggesting that Mindray hematology systems with SF 
Cube technology would be an option to e�ectively assist lab technicians in identifying correct platelet counts.

Recheck with blood smear and estimate the platelet count

Recheck with addition of amikacin

Recheck after warming at 37°C

Recheck immediately dilution without any anticoagulant

Reexamine on another hematology device

Recheck with other anticoagulants

The patient here is a 32-year-old female with infertility. After 
the patient’s EDTA-anticoagulated blood was drawn, it was 
analyzed within �fty-�ve minutes, and it showed a low 
platelet count (28 × 109/L). The test was done by the 
impedance method (PLT-I) on a popular brand’s hematology 
system (device A). Platelet aggregation was con�rmed by 
microscopic examination of the smear, indicating 
pseudothrombocytopenia (PTCP). Shortly after, a     
reexamination of this sample was done using the 
CDR (PLT-O) method on the Mindray BC-6800Plus. The results 
showed a markedly higher platelet count with a value of 
180 × 109/L.

It’s suspected that the low platelet count obtained by device A 
was due to EDTA-induced PTCP. So, the patient was asked to 
consent for an additional test using a blood sample tube with 
sodium citrate this time. Thirty minutes after the sample was 
collected it was then analyzed. The resulting platelet 
parameters of the blood samples run through various testing 
methods and devices are listed in Table 1.

One More Option to Solve EDTA-PTCP?

Mindray SF-Cube technology: An e�ective way for correcting 
platelet count in individuals with EDTA dependent 



Further Comparison of Other Samples

Under microscopic evaluation of the blood smear, the 
EDTA-anticoagulated blood showed platelet aggregation 
while the sodium citrate-anticoagulated blood showed 
none. The blood samples were analyzed within four hours 
from the time of collection, according to the manufacturer’ s 
instructions. In addition to that patient, the data from an 
additional �ve cases of EDTA-PTCP were collected and 
assessed (Table 2).

Identi�cation and Characteristics of 
EDTA-PTCP Samples

Samples that triggered the “PLT aggregation” �ag on the 
hematology analyzer  showed a typical serrated irregularity 
and a zigzag tail (Figure 1) on the platelet histogram. Also, 
under microscopic evaluation, the presence of platelet 
satellitism, or giant platelets, is not seen.

Spurious Low Platelet Counts of BC-6800 by 
Optical Platelet Counting (PLT-O)

Twenty-three EDTA-PTCP samples in EDTA tubes (with 
platelet aggregation) were tested in the impedence (PLT-I 



One Mainstream Brand’s Hematology System’s EDTA-PTCP Dissociation E�ect: Available with 
Fluorescent Dye Staining?

Optical �uorescence platelet counting is available in both 
high-end hematology analyzers (device B) and Mindray 
BC-6000 series hematology analyzers. In this method, a �uo-
rescent dye is used to stain the nucleic acids in platelets, 
allowing the recognition of large platelets and excluding 
non-platelet particles such as erythrocyte debris, micro 
erythrocytes, or leukocyte debris. 

To verify whether the dissociation e�ect of optical �uores-
cence platelet counting was dependent on �uorescent dye 
staining, 17 of those 23 EDTA-PTCP samples in EDTA tubes 
were also tested on device B’ s reticulocyte channel and 
impedance channel., It was found that here was no signi�-
cant di�erence between the platelet counts of reticulocyte 
channel and impedance channel (Figure 3). Only one of the 
17 EDTA-PTCP samples showed a dissociation rate of more 
than 80%, with an average dissociation rate of 56% among 
all 17 EDTA-PTCP samples (Figure 3).

Conclusion

In summary, the author concludes: Optical �uorescence platelet counting of the BC-6800 
hematology analyzer is e�ective for the correction of spurious low platelet counts in 
EDTA-PTCP patients, and its dissociation e�ect on EDTA-PTCP samples is independent of 
�uorescent dye staining.

In the busy daily work of the laboratory, PTCP is an inevitable trouble. Mindray SF Cube technology provides PLT-O 
(based on nucleic acid �uorescent staining and done on the RET channel) to correct PLT counts when there is pseu-
do-platelet reduction due to EDTA. PLT-O is available on Mindray BC-6000 Series Auto Hematology Analyzer and 
the CAL 8000/6000 Cellular Analysis Line.
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Figure 3: No dissociation effect of device B's optical fuorescence 

platelet counting on EDTA-PTCP patients. PLT-I (EDTA), 

impedanceplatelet counts of EDTA-PTCP samples in EDTA tubes; 

PLT-O (EDTA), optical fluorescence platelet counts of EDTA-PTCP 

samplesin EDTA tubes; PLT-I (citrate), impedance platelet counts of 

EDTA-PTCP samples in citrate tubes; EDTA-PTCP, ethylene 

diaminetetraacetic acid-dependent pseudo thrombocytopenia.

SF Cube

References:

[1] J. Deng, et al. Mindray SF-Cube technology: An effective way for correcting platelet count in individuals with EDTA dependent pseudo 

thrombocytopenia. Clinica Chimica Acta 502 (2020) 99–101

[2] Y. Bao, et al. Correction of spurious low platelet counts by optical fluorescence platelet counting of BC-6800 hematology analyzer in EDTA-de-

pendent pseudo thrombocytopenia patients. Transl Cancer Res 2020;9(1):166-172
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When the platelet value is low, patients are at risk of bleeding. Bleeding in vital organs is life-threatening. 

According to Giuseppe Lippi and other professors,  there is no universal agreement on the de�nition of platelet transfusion 
thresholds.[1] However, the degree of accuracy and imprecision of the vast majority of fully automated hematological analyzers 
appears unsatisfactory, especially in the lower thrombocytopenic range, i.e.,<50× 109/L .

The current guidelines and recommendations show that there is no consensus on the low PLT infusion threshold in several spe-
ci�c clinical situations, as shown in the following table. [1]  

Abbreviations: SIMTI, Italian Society of Transfusion Medicine and Immunohaematology; GMA, German Medical Association; AABB, American 

Association of Blood Banks; BCSH, British Committee for Standards in Haematology; TMAG, British Columbia Transfusion Medicine Advisory Group; 

WHO, World Health Organization; ARC, American Red Cross; N/A, not available.

*Only in case of perioperative bleeding.

Low Value? High Risk?

Resolve Your Concerns about the Risk of 
Low-value Platelet Measurements

20 x 109/L

0 x 109/L

40 x 109/L

60 x 109/L

80 x 109/L

100 x 109/L

Thrombocytopenia 
of any reason

WHO

Minor surgery

GMA

Lumbar puncture

BCSH

Major surgery

TMAG

Neurosurgery

ARC

Platelet function 
defects

SIMTI AABB

N/A

No threshold

No threshold

N/A

N/A

No

No

N/A

Guidelines and Recommendations on Platelet Transfusion Thresholds

PLT Concentration

Bleeding Risk

Subcutaneous 
bleeding

Intracranial 
hemorrhage

Mucosal 
bleeding

Fundus 
bleeding

Visceral 
bleeding

10

Chapter 3



TABLE 2 Carryover (CO) and low limit of quanti�cation (LoQ)

CO

//

0.00% 

//

//

//

0.00%

CO

//

//

0.50% 

//

//

//

0.30%

CO

//

0.00%

0.00%

//

0.00%

0.00%

0.00%

CO

//

0.00%

0.00%

//

0.00%

0.00%

0.00%

LoQ

//

16.0

//

//

//

//

//

LoQ

//

//

2.50

//

//

//

//

LoQ

//

19.0

11.0

//

//

//

//

CO

//

0.05%

//

//

//

0.040%

//

LoQ

//

23

4

//

//

//

//

CO

//

0.03%

0.09%

//

//

0.00%

//

LoQ

//

8.0

 

//

//

//

//

CO

//

0.09%

0.07%

0.00%

0.00%

0.05%

0.00%

LoQ

//

5

2

//

//

//

//

CO

//

0.05%

0.07%

0.00%

0.00%

0.00%

0.00%

LoQ

//

18.6

11.5

6.0

//

//

//

CO

0.00%

0.35%

0.36%

0.00%

0.00%

0.00%

0.00%

LoQ

//

14.6

13.9

11.8

//

//

//

LoQ

4.0

9.0

12.0

1.0

//

//

//

PLT-F (x109/L) 

PLT-I (x109/L) 

PLT-O (x 109/L)

IPF absolute value(a)( x109/L) 

IPF relative value (%)

PCT (%)

P-LCR or large PLT count (%)

Note: The PLT limit of acceptability for carryover is 0.5% according to Vis et al.31

ABX Pentra ADVIA2120i BC-6800 BC-6800 Plus DxH800
Cell-DYN
Sapphire XE-2100 XE-5000 XN-20 module

Low-value platelet counts also play an important role in evaluating the e�ectiveness of platelet transfusion. In the most 
common platelet transfusion formulas, including the post-transfusion platelet increment (PPI), the percentage platelet 
recovery (PPR), and the corrected count increment (CCI), the absolute count of platelet is one of the key calculation factors.
[2]   Among them, most clinicians use an estimate of transfused platelet content and average body surface area to calculate 
the CCI, and an absolute platelet increment of greater than 10 × 109/L at 1 or 24 hours is considered a successful transfusion, 
which is consistent with the previous formula.[3]   

The platelet count results are still regarded as the mainstay for driving platelet transfusion practices, but the hematology 
analyzers, as the method, show di�erent analytical performance. The Italian Working Group on Diagnostic Hematology of 
the Italian Society of Clinical Chemistry, Clinical Molecular Biology (WGDH-SIBioC) has conducted a multicenter study based 
on international guidelines, to verify the analytical performance of nine di�erent types of hematology analyzers (HAs) in 
the automated platelet analysis. Let’s take a look at the report below. 

Four hundred and eighty-six peripheral blood samples (PB), collected in K3EDTA tubes, were analyzed by ABX Pentra, 
ADVIA2120i, BC-6800, BC-6800Plus, Cell-DYN Sapphire, DxH800, XE-2100, XE-5000, and XN-20 with PLT-F App. 

Multicenter evaluation of analytical performances of plateletcounts and platelet parameters: 
Carryover, precision, and stability

SF Cube

TABLE 1 Hematology analyzers and methods of platelet counts

 Methods of 
platelet counts

Hematology analyzer

Impedance
method (PLT-I)

Optical
method (PLT-O)

Fluorescence
method (PLT-F)

ABX Pentra ADVIA 2120i BC-6800  BC- 6800 Plus Cell-DYN 
Sapphire DxH800 XE-2100 XE-5000 XN-20 module 

with PLT-F App

X

X

X X X X

X X X

X X X

X X X

X
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The carry-over (CO) rates of BC-6800 and BC-6800Plus both meet the requirements, the lowest in the group. The limit of 
quanti�cation (LoQ) of PLT-O of BC-6800 and BC-6800Plus is lower than that of PLT-I, and the LoQ of PLT-O of BC-6800Plus is 
as low as 4x109/L, which is lower than PLT-O of XN-20, which is equivalent to PLT-F of XN-20. Interestingly, LoQ of PLT-I of 
XN-20 is lower than that of PLT-O.

Among the cells of peripheral blood, platelets are the smallest, but as a population, the concentration of platelets plays an 
important role in hemostasis. To account for the risk of bleeding caused by low platelets, Mindray has introduced multi-fold 



When the platelet (PLT) count is extremely low, is platelet transfusion really 
required? Let’s analyze the following case, which tells us a di�erent answer.

A 49-year-old woman went to the emergency department due to transient 
cognitive disorder. She had obvious paroxysmal headaches, with vomiting 
and epigastric pain. Brain CT revealed no abnormalities. The laboratory results 
revealed anemia and severe thrombocytopenia. What should be expected?

Blood test (Figure 1) showed low RBC count of 3.07×1012/L and low HGB concentration, which indicated anemia. PLT-O count 
was 15×109



Considering the cases with typical symptoms:(1) hemolytic anemia (schistocytes); (2) thrombocytopenia; (3) neurologic 
symptoms (transient mental disorder), thrombotic thrombocytopenia (TTP) disease is likely. The results and TTP diagnostic 
suggestion were transferred to doctors immediately. And Further ADAMTS13 testing con�rmed TTP. Finally, plasma 
exchange instead of platelet transfusion was taken.

Erythrocytic cell lines 44%, Granulocytic cell lines 40%, G/E=0.91/1. 

Undi�erentiated erythroblasts were common in the bone marrow smear, and Howell-Jolly body were found. A total of 257 
megakaryocytes were found in the smear, and 50 were di�erentiated, including 3 megakaryoblasts, 44 promegakaryocytes 
and 3 naked nucleus megakaryocytes. PLT was rarely seen. Such bone marrow smear showed a megakaryocytic thrombocy-
topenia, increased function of erythroid di�erentiation.

Figure 4. Chemistry testing results

These abnormal results triggered the re-exam rule, and 
then the peripheral blood smear was reviewed (Figure 3). 
The result demonstrated evidence of intravascular 
hemolysis, which included schistocytes, a small number 
of spherocytes, helmet cells, and thrombocytopenia. 

Figure 3. PLT was rarely seen, and schistocytes, small numbers of spherocytes 
and helmet cells were found. (100x)



If the PLT level is lower than the decision-making threshold, experienced 
doctors will immediately recheck whether the specimen is quali�ed, the 
histogram and scattergram are normal or not, and any other abnormal cell 
counting results or signi�cant �ag messages, etc. Further con�rmation will be 
carried out by blood smear examination under the microscope. Finally, after 
considering the patient's symptoms and medical history information, the 
laboratory can report the results and provide possible diagnosis.

Mindray’s automatic 8x PLT-O counting (SF Cube technology) provides accurate 
and stable counting for thrombocytopenia samples. Together with high quality 
blood smear from SC-120 Auto Slide Maker, Mindray hematology solutions 
support e�cient management of thrombocytopenia. PLT-O is available in 
Mindray BC-6000 Series Auto Hematology Analyzers, and the CAL 8000/6000 

References:
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Figure 5. Clinical symptoms of TTP disease

Five medical signs[2]

Fever

Hemolytic Anemia

Thrombocytopenia

Transient neurologic symptoms

Reduced kidney function

In this case

No

Yes

Yes

Yes

No

Cellular Analysis Lines. 

Extension: Why is platelet transfusion not recommended in thrombotic thrombocytopenia? 

Common causes of thrombocytopenia include decreased production in bone marrow, increased destruction in peripheral 
blood, and medication induced[1]. 

Thrombotic thrombocytopenia, including TTP in this case, is a kind of disease caused by increased PLT destruction. Because 
of von Willebrand factor (VWF) cleavage protease (ADAMTS13) de�ciency, VWF cannot be cut o� normally, and ultra-large 
VWF (ULVWF) accumulate, resulting in abnormal PLT aggregation, microthrombosis and fragmented RBC[2]. Under such 
condition, platelet transfusion may accelerate thrombosis, leading to worsening symptoms[3]. So for thrombotic 
thrombocytopenia, the main treatment should be plasma exchange.

Conclusion

Acknowledgement

Thrombotic 
Thrombocytopenic  

purpura (TTP)



Derived from megakaryocytes, platelets (PLT) are produced and matured in the bone marrow. Besides widely known throm-
bosis and wound repair, PLT also plays important roles in in�ammation, immunity and cancer biology[1]. Normal reference 
intervals of PLT in peripheral blood varies in the range of 150-400×109/L. When the PLT value is lower than 100×109/L, a 
common clinical problem identi�ed as thrombocytopenia (low PLT) may be the result[2]. 

There are several causes of thrombocytopenia including decreased PLT production, increased PLT destruction, increased 
splenic sequestration and dilution[3]. Currently, complete blood count (CBC) and blood smear reviews are essential diagnostic 
methods for the initial evaluation of thrombocytopenia samples[2]. Therefore, counting low PLT correctly by an auto hematolo-
gy analyzer might be a prospective approach which will greatly reduce the blood smear rate, and save laborious time in the 
diagnostic lab, rapidly screening out thrombocytopenia samples. 

How Mindray Counts Low Platelets Correctly

Clinical Signi�cance

Mindray Solution

Tech 1. Highly speci�c �uorescent staining

However, counting low PLT correctly is not a simple process. How does Mindray’s high-end auto-hematology analyzer deal 
with low PLT samples?

Fluorescent staining dye (FR dye) has been specially designed with 
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PLT-I<50?

CBC/CD mode

Report PLT-I

CR/CDR/RET mode

Report PLT-O

Blood Smear Review

8xPLT-O counting

Report PLT-O

Yes 

Title: BLOOD DETECTION METHOD AND DEVICE

G01N 15/10 (2006.01)             G01N 33/48 (2006.01)             G01N 15/14 (2006.01)
IPC No.

Prepare a �rst detection solution using a blood sample

Control the �rst detection solution to pass through an impedance detection area

Perform platelet detection on the �rst detection solution in the impedance detection 
area with an impedance method to obtain a �rst platelet detection result

Prepare a second detection solution using the blood sample when the �rst platelet 
detection result is less than a preset platelet detection threshold

Control the second detection solution to pass through the impedance detection area

Perform platelet detection on the second detection solution in the impedance detection 
area with the impedance method to obtain a second platelet detection result
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EDTA-dependent pseudothrombocytopenia (EDTA-PTCP) induced by EDTA anticoagulants is a common laboratory 
phenomenon. It is caused by in-vitro PLT aggregation and may lead to a low PLT result and, ultimately, misdiagnosis and wrong 
medical treatment for the patient.

In the previous chapter (The Stories of Platelet Clump), we looked at two clinical cases which initially had incorrect low PLT 
results using the traditional PLT measurement principle. After re-running the samples in the Mindray hematology analyzer 
using RET mode, PLT-O showed a more reliable result and �nally gave the correct diagnosis.

Today, let’s explore how the Mindray solution solves the in-vitro PLT aggregation problem.

Mindray’s Solution for Solving In-vitro 
PLT Aggregation

What are the critical factors of in-vitro PLT aggregation?

3 Stages During In-Vitro PLT Aggregation



In addition, the corresponding receptor antagonist research has been done to block the regulatory pathway to achieve the 
aim of PLT de-aggregation. Several di�erent kinds of receptor antagonists have been tried and found to perform well in 
blocking PLT aggregation.

Without receptor antagonist (2 PLT gather together)

With receptor antagonist (cannot successfully aggregate)



De-aggregation e�ect comparison

97.32%

Control group
( with antagonists )

24.7%

Experiment group
( antagonists are blocked )

Tyrosine kinase pathway

GPIIb/IIIa pathway

Tyrosine kinase pathway

GPIIb/IIIa pathway

Calciumion pathway

Antagonist

Calciumion pathway

Antagonist

Antagonist

Antagonist

In order to further prove their e�ects on PLT de-aggregation using those antagonists, a comparison experiment was 
performed between control group and the group where antagonists were blocked. The experiment results are shown below:

Inactivated Platelets

Inactivated Platelets

Aggregated Platelets

Inactivated Platelets

Traditional solution: single target antagonist

Mindray solution: a series of  optimal compounds which can block the three pathways

A further study was done by combining the molecular biology method to explore the molecular mechanism and di�erent 
radical group characteristics. Ultimately, from thousands of potential chemical compounds, a series of optimal compounds 
were found which contain speci�c radical groups which are highly e�cient at blocking the three regulatory pathways.
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From the experiment, we have found that antagonists containing speci�c radical groups have an obvious e�ect on platelet 
de-aggregation. 

Besides, there are also 3 critical factors (appropriate pH, temperature, mechanical mixing) that enhance the PLT de-aggregation. 
The superposition e�ect of these factors in de-aggregation is obvious. Thanks to the joint e�ects of multiple factors, the 
aggregation platelets are de-aggregated, and a reliable platelet value is obtained. 

The PLT de-aggregation function was used in BC-6800/BC-6200/BC-6800Plus/CAL 6000/CAL 8000 in RET mode.

References：
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D-dimer in COVID-19

As COVID-19 continues to swipe around the world, rapid diagnosis as well as prognosis and treatment of the COVID-19 
patients has become an equally important topic among clinicians. Recently scientists have discovered that COVID-19 has a 
host cell receptor, Angiotensin Converting Enzyme II [1]  or ACE2. With the help of ACE2, COVID-19 invades the human body 
rapidly by reproducing on its own at a massive rate, destroying normal cell, tissue and microvascular system, finally causing 
acute lung injury, multiple organ failure [2-4], and intravascular coagulation which occurs in 71.4% of patients who died from 
COVID-19 [5]. It is widely known that D-dimer is a significant bio-marker which correlates with hypercoagulability. More 
clinical studies have also revealed the relationship between D-dimer and COVID-19.

As published on Jama by Zhi Yong’s Group, in the patients’ death(non-survivor) group of novel coronavirus pneumonia, the 
D-dimer level initially increased as the disease developed, until the 7th day when the D-dimer level broke through the 
normal range, and finally plateaued at a high level [Figure 1 A] [6]. In comparison, the survivor group remained within the 
normal range consistently. Another article published in the Lancet also claims that there is a close correlation between the 
D-dimer level and the mortality rate of victims [Figure 1 B] [7]. The same conclusion was also drawn in Shah’ s research, 
which utilized a systematic meta-analysis method (including results from 18 articles and a total of 3,682 patients) to draw 
the forest plots [Figure 1 C, D] [8]. To sum up, whether in severe or dead COVID-19 patients, the D-dimer level was higher 
than that which was found in non-severe or surviving patients.

How D-dimer in Coagulation Correlates 
with COVID-19?

Figure 1: Correlation between D-dimer and COVID-19
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In conclusion, D-dimer has enormous clinical values in the treatment and prognosis of COVID-19 as a sensitive monitoring 
index. In consideration of disordered coagulation micro-environment in patients infected with COVID-19 or at high risk of 
VTE induced by reduced activity, increased bed time, or in people being quarantined for hospitalization, testing of D-dimer 
on a regular basis is necessary for rapid monitoring of disease treatment. While a cut-o� value of over 2 ug/ml has been 
proved by many researchers monitoring patients’ treatment, laboratories are still advised to set their own standard so the 
variation in demographics can be taken into account. 

Figure 2: Numberic Results of D-Dimer by Zhang’s Group

According to the study by Zhang’ s group, D-dimer among all parameters tested in patients with COVID-19 had the highest 
C-index, which indicates that it has the highest prediction coincidence rate in routine lab testing methods [Figure 3A]. In 
addition, they also found the 2 μg/ml of D-dimer could be the cut-o� value of mortality risk of COVID-19, as DD > 2 μg/ml 
the survival probability will decrease dramatically [Figure 2B]. Consequently, they based the evaluation of this value and 
manifested that when 2 μg/ml was set as the cut-o� value, 92.3% of sensitivity and 83.3% of specificity is the optimum in all 
groups [Figure 2C] [9]. 

There has been evidence regarding an increased incidence of venous thromboembolic events (VTE) including deep vein 
thrombosis (DVT) and pulmonary embolism (PE), in patients with severe COVID-19 infection [9], and D-dimer can also be 
used as a monitoring indicator of VTE and PE with a cut-o� value of 0.55 μg/ml. Furthermore, Yao not only found that 
patients with over 2 μg/ml D-dimer needed intensive care and early intervention, but suggested a cut-o� value of 1 μg/ml 
could help doctors identify patients with a poor prognosis [10].

Application of D-dimer in COVID-19 Prognosis
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Mindray’ s auto-coagulation analyzers C3100 & C3510 are equipped with both classic mechanical and optical detection 
mechanisms. The mechanical methodology is insensitive to interference from icteric, lipemic, chylus and hemolytic samples. 
Moreover, the patented VRIM(VLin-Rate Integrative Method) algorithm has also been developed to combine “Two Point End 
Method” at a low D-dimer concentration together with “Rate Method” at a higher level [Figure 3]. This has enabled a much 
wider linearity range of D-dimer results compared with other models on the market [Figure 4].

Mindray’s Coagulation D-dimer Solution

In addition, Mindray’ s coagulation solution to D-dimer testing is less susceptible to common interferents. As is shown in 
[Figure 5], when the serum samples are added with bilirubin, hemoglobin, triglycerides and rheumatoid factors at 
respective concentration, D-dimer results remain at constant levels as before. The Comparison study with Sysmex CS5100 
has also shown a good correlation with R2> 97% with interferents added.

Figure 3: Mindray’s patented VRIM Algorithm for D-dimer testing
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Figure 5:  Comparison study with interferents
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manufactured in a bottled liquid state which are ready to 
use [Figure 6], while the majority of coagulation testing 
kits are made into powder. Simply by opening the cap and 
loading D-dimer reagents onto the analyzer, preparation 
can be set up rapidly with ease on Mindray’ s coagulation 
analyzers.
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As of January 26th, 2021, the coronavirus disease 2019 (COVID-19) pandemic has a�ected over 100 million people 
worldwide. Vaccination would help improve the situation in future. However, at this time, identifying patients at highest risk 
for severe disease is important. In order to facilitate early intervention and to manage local hospital resources to mitigate 
the critical care crises, our smart doctors conduct research in routine, low-cost, and suggestive parameters to assist with 
COVID-19 prognosis and the identi�cation of severe cases[1] [2] [3]. 

In�ammatory parameters, such as white blood cell count (WBC), neutrophil count, neutrophil-to-lymphocyte ratio (NLR) 
could support COVID-19 diagnosis and prognosis. How about red blood cells?

Dr. Wang compared hematological results from the good and poor outcome groups and found the best single parameter 
for predicting the prognosis of severe patients is RDW-SD[4 ,7]. What’s more, combined parameters Lym# & RDW-CV as well as 
Lym# & RDW-SD are better for predicting the prognosis of severe COVID-19 (Figure 2)[7].

Have You Noticed the Changes of Red 
Blood Cells in COVID-19?

Figure 2. Prediction analysis of hematology parameters and the outcomes of patients with severe COVID-19. 
(A) ROC curve, the single parameter for predicting the prognosis of ill patients; (B) ROC curve, joint parameters for predicting the prognosis of ill 
patients; (C) the linearly fitted schematic scatter plot for Lym# & RDW-SD; (D) comparison of Lym# & RDW-SD in ill patients with different progno-
ses. Lym# & RDW-SD: joint parameter generated after linear fitting of Lym# and RDW-SD. ****, P<0.0001.
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Another article from Dr. Wang[6] described that many hematological parameters changed as the disease progressed, 
including NLR, RDW-CV, RDW-SD. The combined parameters of NLR & RDW-SD, as generated by linear �tting, had the better 
diagnostic e�ciency (AUC =0.938), which was the best one among single parameters (Figure 3). When the cut-o� value was 
1.046, the sensitivity for distinguishing the severe cases from the moderate cases of COVID-19 was 90.0% while the 
speci�city was 84.7%.

Dr. Zhang has found that HGB is lower in the severe group than in the moderate group[5]. New joint parameters Lym% & HGB 
have the best sensitivity and speci�city (Table1). So Lym% & HGB can be used as indicators of disease prognosis..

Table 1. Receiver operating characteristic analysis results for the three parameters
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Figure 4. Dynamic monitoring of RET scattergram in critical COVID-19 cases. RET scattergram is from Mindray BC-6800Plus.

Figure 5. Mechanism of RDW-SD and HGB change in COVID-19[6].

Figure 3. ROC analysis using single and combined parameters in the diagnosis of severe cases of COVID-19. Differentiated diagnosis of 

moderate and severe COVID-19 patients using different parameters. The positive sample is the blood routine result of the severe patient, and 

the negative sample is the blood routine result of the moderate patient. Panel A is an ROC plot that uses a single parameter to identify severe 

from moderate patients. Panel B is an ROC plot that uses the combined parameters of NLR and RDW-SD and NLR and RDW-CV to identify 

patients; Panels C and D are scatter plots that use the combined parameters for comparison between the two groups; Panel E is a recommen-

dation management strategy for COVID-19 patients. “*” standing for significant deviation.

It’s been found that the increase in RET may contribute to elevated RDW (Figure 4). As the disease progressed, MFR and HFR 
increased, so did RDW-SD. The increased RET in peripheral blood may cause an increase in anisocytosis. 

Why did these erythrocyte changes happen in critically ill patients?

COVID-19 patients

NLR & RDW-SD ≥1.046
Moderate patients who are 
more likely to get worse, or 

severe patients

Severe patients who are more 
likely to get better, or moderate 

patients
NLR & RDW-SD <1.046

E

Increased RDW-SD Decreased HGB

1. As the disease progressed, MFR and HFR increased, 
RDW-SD increased.

2. As the infection symptoms worsen, the level of 
oxidative stress in the body increases, oxygen free 
radicals increase. Insu�cient circulating nutrients in 
patients may also lead to an increase in RBC 
membrane instability, followed by increased RDW.

1. Long-term hypoxia leads to increased synthesis of 
erythropoietin and active erythropoietin hyperplasia.

2. On the contrary, HGB synthesis is prevented in 
critically ill patients due to malnutrition or iron 
de�ciency, resulting in low HGB and low-HC 
(hemoglobin concentration) RETs.
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When we look at the 9-square scattergram, the RBC volume/hemoglobin concentration (V/HC) scattergram showed that 
the magenta scatters of critical patients were signi�cantly left-skewed, indicating that RETs with a low HC (hemoglobin 
concentration) increased signi�cantly, which may represent a unique pattern of erythroid hyperplasia in critical COVID-19 
patients (Figure 6A)[7]. However, whether such low-HC RETs could be a diagnostic marker of critical COVID-19 still requires 
further investigation[7].

With advanced technologies, the newly combined hematological parameters, such as Lym% & RDW-SD, Lym# & HGB and 
NLR & RDW-SD, have been found as supportive predictors during COVID-19 prognostics. More and more covariates can be 
studied and developed on the Mindray BC-6000 series analyzers. Especially on BC-6800Plus, the RET channel can detect 
the number, size, and hemoglobin concentration of RBCs and RETs highly sensitive laser scattering technology. Thus, it's 
recommended to start using self-defined parameters for COVID-19 prognosis now.

How can we observe these erythrocyte changes in the hematology analyzer?

Figure 6. Differences of RET scattergram results in patients with different severity of COVID-19. (A) Scattergram of RET channel data from 
Mindray BC-6800 hematology analyzer. Blue scatters are RBCs, magenta, and the red scatter is the RETs, and cyan scatters are PLTs. (B,C,D,E) 
Comparison of parameters obtained from the RET channel for patients with different severities of COVID-19. Data are shown as the mean ± SD. 
****, P<0.0001; ***, P<0.001; **, P<0.01; *, P<0.05. FS, forward scatter; SS, side scatter; FL, fluorescence; HC, hemoglobin concentration; VOL, 
volume; ns, nonsignificant.
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Is prophylactic anticoagulant therapy a common 

treatment for clinicians to deal with thrombotic events in 

COVID-19?

Is there a connection between the eosinophil count and 

anticoagulation monitoring in COVID-19 patients? 

Thrombosis has emerged as an important complication 

among hospitalized patients with COVID-19. A prothrom-



LMWH predominantly acts on factor Xa. For this reason, 

LMWH activity is monitored using serum anti-factor Xa 

activity (AFXa) levels instead of activated Partial Thrombo-

plastin Time (aPTT) ( Figure 2). [3]

Enoxaparin is one of the most important LMWH. The AFXa 

level reached peak 3-5 hours after administration. The 

AFXa levels below 0.2 IU/mL may increase the risk of VTE 

in COVID-19 patients, due to the hypercoagulability. [4]

In the laboratory results, only eosinophil counts and AFXa 

are signi�cantly di�erent between subprophylactic antico-

agulation group and prophylactic anticoagulation group 

when the patients are admitted to hospital (Table 1). [5]

LMWH dose monitoring

Dr. Selma Ari has found the increased eosinophil count is 

associated with the level of subprophylactic anticoagula-

tion in COVID-19 patients. [5]

Eosinophil counts in antithrombotic 
treatment to COVID-19 patients

Figure 2. The antithrombotic mechanism of LMWH. [3]
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Laboratory analysis collected before the discharge of 

patients revealed that eosinophil counts in subprophylac-

tic anticoagulation group were higher than in prophylac-

tic anticoagulation group , whereas AFXa were lower in 

subprophylactic anticoagulation group (Table 2). [5]

Eosinophil induces platelet aggregation and thrombus 

formation through the production of major basic protein 

(MBP) and eosinophil peroxidase (EPX). [6]

Enzymes released from eosinophils (peroxidases, cationic 

proteins, and neurotoxins) may decrease the anticoagu-

lant activity of heparin. [7]

In this study, in subprophylactic anticoagulation group, 

high eosinophil levels had lower anticoagulant activity in 

COVID-19 patients. Eosinophil counts were examined with 

Mindray BC- 6800 auto hematology analyzer. Its SF Cube 

analysis technology can produce three-dimensional 

scattergram which can help doctors better identify and 

di�erentiate blood cell populations, especially to reveal 

abnormal cell population undetected by other techniques.

Eosinophils and thrombosis

Figure 4. Eosinophil induces platelet aggregation.
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Figure 5. SF Cube on Mindray BC-6800.Nowadays a large numbe r of parameters o n BC- 680 c
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With the help of intelligent algorithms, a digital 

morphology system can help to pre-classify di�erent 

cells in di�erent groups and give a reliable 

pre-classi�cation result.

A digital , a digital 



Today, an increasing number of advanced automated digital morphology systems have been developed and introduced to 

the laboratory. These digital morphology systems optimize the labs’ work�ow by improving lab quality assurance, reducing 

labor costs, providing the availability of morphology digitalization and enabling remote consultations.

Mindray is soon going to launch a brand new digital morphology system. Stay tuned as we bring you more updates! 
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Chapter 10



A 43-year-old woman presented with persistent fever 

for two months. She had visited di�erent hospitals 

more than three times, but there was no signi�cant 

improvement in her symptoms. After being admitted 

to a top-tier hospital in China, she underwent a series 

of examinations. Her serology test was positive for 

human immunode�ciency virus (HIV) infection. Her 

chest computed tomography (CT) scan showed 

di�use small nodules in both lungs. Disseminated 

Talaromyces marneffei infection was considered, based 

on the patient’s symptom of fever, laboratory test and 

CT scan results. She was prescribed targeted 

anti-fungal treatment. 

Unfortunately, she died four days after admission to 

the hospital as the infection worsened and her 

condition rapidly deteriorated. Seven hours after she 

died, hyphae-like structures were spotted on the 

gram stain of the positive bone marrow culture. 

Talaromyces marneffei is a fungus that causes 

opportunistic systemic mycoses in patients with AIDS or 

other immunode�ciency syndromes. The fungus was �rst 

isolated from the hepatic lesions of a bamboo rats 

What is Talaromyces marne�ei?

A ‘Sherlock Holmes’ Helps 
You to Capture the Culprit 
of Diseases

A u g  1 3 8 E m p i r i c a l  t r e a t m e n t  w a s  p r e s c r i b e d 8 t o  t h e  p a t i e n t . R e d 8 b l o o d  c e l l s  a n d  p l a t e l e t s 8 w e r e  i n f u s e d .  A u g  1 5 T h e  p a t i e n t  w a s  p r e s c r i b e d 8 t a r g e t e d 8 a n t i - f u n g a l  t r e a t m e n t .  A t  9  a m ,  t h e  p a t i e n t  d i e d 8 o f  t y p e  I I 8 r e s p i r a t o r y  f a i l u r e . A t  4  p m ,  h e r  b o n e  m a r r o w  c u l t u r e  r e s u l t s  s h o w e d  f u n g a l  i n f e c t i o n .D A Y  1DAY 2DAY 3DAY 4F i g u r e  1 .  B r i e f  m e d i c a l  h i s t o r y(Rhizomys sinensis) in 1956 (Figure 2). It has bee n suggeste d that these animals se rve as a rese rvoir f or the f un gus. It is n ot clear whethe r the rats are inf e cte d by Talaromyces marne�ei or are merely c arri ers of the f un gus.39



Talaromyces marneffei is usually diagnosed by 

microscopic identi�cation of the fungus in various clinical 

specimens and by standard microbiological culture, 

based on its morphological characteristics and thermally 

dimorphic properties between 25°C (mycelium form) and 

37°C (yeast form) (Figure 3).

Talaromyces marneffei is endemic in Myanmar, Cambodia, 

Southern China, Indonesia, Laos, Malaysia, Thailand and 

Vietnam. P