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A challenging laboratory case due to inappropriate sampling through an 
antiseptic barrier cap 
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Abstract

Antiseptic barrier caps are currently used as novel tools in critically ill patients to achieve sterility of the blood sampling site and to prevent central 
line-associated bloodstream infections in the intensive care unit. A clinical and laboratory case of analytical interferences on erythrocytes, platelets 
and leukocytes due to the isopropyl alcohol contained in the antiseptic barrier cap is described. An aged man with history of heart valve disease was 
monitored for hematological parameters after surgery of mitral and tricuspid valve replacement. Leukocyte scattergrams changes on the Sysmex XN 
2000 analyzer with the suspicion of platelet clumps were observed. After investigation on sampling procedure, antiseptic barrier cap of an arterial 
access (BD PureHub disinfecting cap) was used. Another sample has been requested, and the analysis of complete blood count and peripheral blood 
smear confirmed the presence of clumped microerythrocytes and erythrocytes with damaged membranes. In addition, differential leukocyte count 
revealed an overestimation of eosinophils by 10%. A new sample taken from venous access provided accurate results without alterations. The prea-
nalytical error generated during blood sampling highlights the importance of correct use of biomedical devices. Furthermore, hematology analyzer 
technology represents a promising tool for assessing sample quality.
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Highlights 

•	 Blood sampling is a process that can generate preanalytical errors
•	 Isopropanol contamination alters red blood morphology and cytometry
•	 Preanalytical error detected by hematology analyzers could be confirmed by peripheral blood smear
•	 Collaborative work between nurse and laboratory teams improves quality results

Introduction 

The present case report describes a laboratory 
challenge in identifying a preanalytical error and 
an example of effective collaboration between the 
clinical laboratory and the inpatient departments. 
Antiseptic barrier caps are currently used as novel 
tools in critically ill patients to achieve sterility of 
the blood sampling site then to prevent central 
line-associated bloodstream infections in the in-

tensive care unit (ICU) (1). Recommendations and 
guidelines have been formulated by the Centers 
for Disease Control and Prevention (CDC) to pre-
vent the common problem of hospital-acquired 
infections (2). Patients are treated in critical care 
settings such as ICUs, where bundled protocols 
are increasingly required, such as the septic bun-
dle protocol. Furthermore, bedside care and treat-
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ment for critically ill patients requires special at-
tention among healthcare workers, and standard-
ization of therapeutic and care procedures is re-
quired. 

Hematological analyzers provide a large amount 
of potentially useful data with the main parame-
ters (i.e. complete blood count (CBC), leukocyte 
differential count, and hemoglobin (Hb) measure-
ment). These parameters, called “research use 
only” (RUO), can provide useful information not 
only for pathologies but also about sample quality 
(3-6). 

In this clinical case we demonstrated analytical in-
terferences on the analyses of erythrocytes, plate-
lets and leukocytes due to the isopropyl alcohol 
contained in the antiseptic cap of a luer connector. 
Instrumental flags along with analysis of scatter-
grams allowed detection of interferences in the 
ethylenediaminetetraacetic acid (EDTA) blood 
sample. An aged man with a history of heart valve 
disease was hospitalized for mitral and tricuspid 
valve replacement surgery. However, the patient 
underwent coronary artery bypass grafting under 
normothermic extracorporeal circulation and car-
dioplegic arrest. Two units of packed red blood 
cells were transfused. Biochemical and hemato-
logical tests were requested daily showing post-
surgical anemia and high inflammatory markers. 
On the fourth day of ICU monitoring, an EDTA 
sample was processed in the laboratory for CBC. 
This common laboratory test allows monitoring 
the immunological response, the state of anemia 
and hemostasis in the post-operative period. 

In addition, modern analyzers can be useful to de-
fine preanalytical conditions of anticoagulated 
blood samples that could influence diagnostic test 
results. Our clinical case highlights the role of new 
analytical technologies and laboratory procedure 
in improving the quality of diagnosis or clinical 
monitoring in hematology.

Laboratory analyses

During routine work, the technician and the labo-
ratory specialist observed changes in leukocyte 
scattergrams of the patient sample on the Sysmex 

XN 2000 analyzer (Sysmex Corporation, Kobe, Ja-
pan) (Figure 1). Afterwards, a peripheral blood 
smear (PBS) on fresh whole blood and May-Grün-
wald Giemsa staining was scheduled for the suspi-
cion of platelet (PLT) clumps highlighted by the 
PLT flag: PLT clumps? on the analyzer screen. The 
EDTA sample was macroscopically inspected and 
showed no abnormalities; a repeated PLT count on 
the fluorescent channel (PLT-F) confirmed the pre-
vious PLT count without instrumental flags. No 
platelet aggregation was detected with this chan-
nel. However, analysis of PBS excluded the pres-
ence of PLT agglutinates or aggregates. A careful 
evaluation of the smear revealed damaged eryth-
rocytes and microerythrocytes that agglutinated 
and simulated on the analyzer agglutinated plate-
lets (Figure 2). The damaged red blood cells pro-
duced hemolysis which however did not cause a 
significant change in the patient’s hemoglobin 
concentration (Figure 1 and Figure 3). Fresh whole 
blood smear allowed us to quickly highlight anom-
alous morphological features and to recognize the 
alterations of the red blood cells. A blood smear 
with May-Grünwald Giemsa technique confirmed 
the previous criticisms (Figure 2). Alterations of 
leukocyte scattergrams generated the PLT clump 
flag on the white cell differential (WDF) and white 
cell nucleated red (WNR) channels and the suspi-
cion of leukocyte misclassification. For this reason, 
we prompted the control of leukocyte differential 
count by manual microscope method revealing an 
analytical overestimation of eosinophils of 10%. A 
complete blood count on a new sample from the 
ICU showed these data without quantitative and 
qualitative alterations (Figure 3). 

What happened?

During daily post-surgery patient monitoring in 
ICU, blood samples for hematological tests were 
obtained from a luer connector. In the laboratory, 
scattergram analysis of differential leukocyte and 
instrumental flags suggested the presence of PLT 
agglutinates or the possible infection due to fungi 
or microorganisms. However, a PBS as additional 
investigation was performed. We called the ICU 
asking for clinical information and if there were 
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Figure 1. Complete blood count results of the isopropanol contaminated sample. The scattergrams show interferences in both the 
White cell differential (WDF) and White cell nucleated red (WNR) channels (blue color). Eosinophils were not well separated (red col-
or) determining an overestimation. Scattergram dispersion generated the false platelet clumps (PLT Clumps?) flag. 

any problems with the sampling. A variation of the 
sampling procedure has been reported: the cap 
has been used directly without the backflow valve 
(BD PureHub disinfecting cap, Becton, Dickinson 
and Company, Franklin Lakes, USA). This proce-
dure may have generated sample contamination. 
The disinfectant may therefore have been acci-
dentally aspirated into the EDTA tube during col-
lection and a small amount of 70% isopropanol 
could have therefore contaminated the sample, 
causing cytological damage of red blood cells. At 
this point, to verify the contamination hypothesis, 
a new blood sample taken from another access 
route was then requested. Results on a new EDTA 
sample with normal outcomes (Figure 3) con-

firmed the preanalytical hypothesis. The informa-
tion obtained by a phone call with the ICU nurse 
asking for explanations on the sampling proce-
dures has been very important. It allowed us to 
suppose a variation of the sampling procedure 
used in ICU clarifying that the observed analytical 
anomalies could be due to the sampling phase. 
The explanation of the use of the luer connector 
and the cap with 70% isopropanol disinfectant al-
lowed us to resolve this challenging case due to a 
preanalytical error of inappropriate sampling. A 
careful team evaluation of the analytical and pre-
analytical data allowed us to correct the sampling 
error before the clinical results validation and re-
porting.
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Figure 2. Red blood cells with alterations and membrane damage (red arrows). Microerythrocytes agglutination resulted as effect of 
isopropanol 70% (blue arrows). Above, the fresh blood smear. Below, the May-Grünwald smear (1000X). 

Discussion

Technology of modern hematological analyzers 
using laser beam on a biological sample by light 
scattering allowed us to obtain important clinical 
information along with PBS evaluation (6,7). These 
analyzers automatically provide new data defined 
cell population data (CPD) or leukocyte CPD (5-8). 
However, recent studies aimed to determine the 
accuracy of instrumental flags on Sysmex analyz-
ers for detecting platelet clumps (9-11). Therefore, 
preanalytical evaluation of the blood sample from 
which the quality of the results derives is increas-
ingly investigated. Flow cytometry used in hema-
tology analyzers could provide automated analy-
sis of sample suitability prior to analytical parame-
ter analysis. Our work underlines the possibility of 
preanalytical error detection using instrumental 
flags with biological interferences; then, the in-
strument highlights the possible issue that re-
quires further investigation. Indeed, in this case re-
port, we described the detection of errors during a 

blood sampling through carefully evaluated plate-
let flags and leukocyte scattergrams. To date, mi-
croscopic analysis using a PBS evaluation was es-
sential to clarify the analyzer flags: a suspicion of 
morphological alteration or sample artefacts re-
quires a PBS confirmation. In fact, red blood cell 
damage and related parameter alterations due to 
sample contamination by isopropyl alcohol were 
highlighted. In literature there are numerous cases 
of contamination of samples for microbiological 
and genetic tests. Our report first reported a case 
of preanalytical error due to contamination 
through an antiseptic barrier, although many cas-
es of red blood cell alterations are known. For in-
stance, the effects of cephalosporins on red blood 
cells are well known. Ceftriaxone, a widely used 
antibiotic, is one of the most common drugs to 
cause drug-induced immune hemolytic anemia 
with alterations of RBC derived-parameters (11,12). 
Today, antiseptic barrier caps are currently used as 
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Figure 3. Complete blood count results of the second sample. Leukocyte populations are well separated without interferences and 
instrumental flags. 

biomedical devices to optimize blood sampling 
while reducing bacterial infections. Here, we have 
shown an occasionally improper use of these de-
vices determining an inappropriate sampling with 
potential incorrect results and patient misclassifi-
cation. In our laboratory, there is currently a proce-
dure for preanalytical evaluation but it is operator 
dependent. As a corrective action, standardization 
of sampling procedures in the department and a 
careful validation of the preanalytical phase by the 
analyzer might be implemented. Flow cytometry 
seems to be a promising technique for identifying 
inappropriate samples.

What YOU should do in your laboratory 
to prevent such errors

The BD PureHub disinfectant cap is currently used 
as novel biomedical device, designed to provide 
high-level protection for needle-free luer connec-
tors. These devices are cornerstones for care re-
ducing the risk of bacterial contamination, both as 
a rapid disinfectant and as a protective barrier be-
tween catheter access points. Although rare 
events, inappropriate use of these biomedical de-
vices can occur in clinical practice, especially in 
critical conditions. For this reason, shared proce-
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dures between operators and protocols aimed at 
standardizing healthcare are essential. Collabora-
tion between laboratory and ICU was crucial in de-
tecting non-conformity. For this, continuous edu-
cation for both laboratory technicians and ICU 
staff can help prevent errors. Besides, specific pro-
tocols for preanalytical evaluation in clinical labo-
ratories are required. In this sense, the definition of 
instrumental flags to detect preanalytical errors 
will be increasingly important. Fluorescent platelet 
channel on Sysmex analyzers detecting PLT aggre-
gation or PLT agglutination is promising. Careful 
sample evaluation remains crucial to increase the 
quality of clinical data. Standardization of preana-
lytical phase through new technological insights is 
required to improve the total quality. Furthermore, 
implementation of validation rules on hematology 

analyzers may improve the detection of preanalyt-
ical errors helping laboratory teamwork.

Author contributions

G Introcaso: Conceptualization, Methodology, 
Writing – review & editing; G Piras: Formal analysis, 
Investigation; G Mandelli: Formal analysis, Investi-
gation; S Frisoli: Visualization, Supervision. F. Bot-
tari: Review and editing.

Potential conflict of interest

None declared.

Data availability statement

The data generated and analyzed in the presented 
study are available from the corresponding author 
on request.

References
1.	 Gillis VELM, van Es MJ, Wouters Y, Wanten GJA. Antiseptic 

barrier caps to prevent central line-associated bloodstream 
infections: A systematic review and meta-analysis. Am J 
Infect Control. 2023;51:827-35. https://doi.org/10.1016/j.
ajic.2022.09.005

2.	 Guidelines for the Prevention of Intravascular Catheter-Re-
lated Infections, 2011. Available from: https://www.cdc.
gov/infection-control/hcp/intravascular-catheter-related-
infection/index.html Accessed January 15th 2026. 

3.	 Daves M, Roccaforte V, Lombardi F, Panella R, Pastori S, 
Spreafico M, et al. Modern hematology analyzers: beyond 
the simple blood cells count (with focus on the red blood 
cells). J Lab Precis Med. 2024;9:4. https://doi.org/10.21037/
jlpm-23-32

4.	 La Gioia A, Basile M, Fiorini F, Andreoli E, Salamone D, Fio-
rini M. Pseudoerythroblastosis on Sysmex XN hematology 
analyzers: a clue to Candida sepsis. Case report and literatu-
re review. Clin Chem Lab Med. 2022;60:e210-2. https://doi.
org/10.1515/cclm-2022-0486

5.	 Park DH, Park K, Park J, Park HH, Chae H, Lim J, et al. Scre-
ening of sepsis using leukocyte cell population data from 
the Coulter automatic blood cell analyzer DxH800. Int J Lab 
Hematol. 2011;33:391-9. https://doi.org/10.1111/j.1751-
553X.2011.01298.x

6.	 Urrechaga E, Boveda O, Aguirre U. Role of leucocytes cell 
population data in the early detection of sepsis. J Clin 
Pathol. 2018;71:259-66. https://doi.org/10.1136/jclin-
path-2017-204524

7.	 Introcaso G, Galotta A, Salvini L, Faioni EM, Bonomi A, As-
sanelli E et al. Leukocyte cell population data as potenti-
al markers of Covid-19 disease characterization. J Med Bi-
ochem. 2023;42:454-59. https://doi.org/10.5937/jomb0-
41589

8.	 Shean RC, Williams MC, Rets AV. Advances in Hemato-
logy Analyzers Technology. Clin Lab Med. 2024;44:377-86. 
https://doi.org/10.1016/j.cll.2024.04.001

9.	 Woo S, Kim B, Hun Heo N, Kim MS, Yoon YA, Choi YJ. Defi-
nition of Significant Platelet Clumping: Should We Review 
All Samples With a Platelet Clumping Flag From Automa-
ted Hematology Analyzer? Int J Lab Hematol. 2025;47:79-
86. https://doi.org/10.1111/ijlh.14387

10.	 Xu P, Fang K, Chen X, Liu Y, Dong Z, Zhu J, et al. The Flagging 
Features of the SysmexXn-10 Analyser for Detecting Plate-
let Clumps and the Impacts of Platelet Clumps on Complete 
Blood Count Parameters. Clin Chem Lab Med. 2022;60:748-
55. https://doi.org/10.1515/cclm-2021-1226

11.	 Andrasic P, Zrinski Topic R, Pavic I, Jasna Lenicek Krleza J. 
Red blood cell agglutination caused by ceftriaxone and its 
effect on erythrocyte parameters: a case report. Biochem 
Med (Zagreb) 2025;35:011002. https://doi.org/10.11613/
BM.2025.011002

12.	 Barcellini W, Zaninoni A, Giannotta JA, Fattizzo B. New In-
sights in Autoimmune Hemolytic Anemia: From Patho-
genesis to Therapy. J Clin Med. 2020;9:3859. https://doi.
org/10.3390/jcm9123859


