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Abstract
Introduction: Thrombotic thrombocytopenic purpura (TTP) 
is a thrombotic microangiopathy caused by accumulation of 
ultra-large von Willebrand factor (vWF) due to the signifi-
cantly reduced activity ADAMTS13. Limited studies have 
been published examining the blood group as an epidemio-
logical factor that can contribute to development of TTP. It 
has been suggested that due to low vWF levels, the distribu-
tion of the “O” blood group among TTP patients may be low-
er than anticipated compared to the blood group distribu-
tion rates in the normal population. The aim of this study was 
to explore the relationship between blood groups and the 
clinical outcome of immune TTP (iTTP). Methods: Thirty pa-
tients with iTTP with severe ADAMTS13 deficiency were en-
rolled. Data collection commenced in January 2011 and was 
completed by June 2020. It was analyzed whether there was 
a difference between the blood groups in terms of frequen-
cy of iTTP, response to treatment, frequency of relapse, and 
clinical and laboratory results. Results and Conclusions: The 
distribution of group “A” among patients with iTTP was high-
er than expected. Although not statistically significant, pa-
tients with blood group “O” required more TPE for the treat-
ment and relapse rate was statistically higher than other 

blood groups. Mortality rate in all patients was 6.7%. Al-
though blood group “A” is a risk factor for iTTP, the frequen-
cy of relapse is higher in the blood group “O.”

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

A disintegrin and metalloproteinase with a thrombos-
pondin type 1 motif, member 13 (ADAMTS13) is a pro-
tease that allows the ultra-large von Willebrand factor 
(ULvWF) to be functional by cleaved in shorter vWF 
multimers. Thrombotic thrombocytopenic purpura 
(TTP) is a thrombotic microangiopathy (TMA) caused 
by accumulation of ULvWF with platelets due to the sig-
nificantly reduced activity ADAMTS13.

The annual incidence of TTP is 3 per million in adult-
hood and 1 in 10 million in childhood. The typical patient 
profiles are young, nonpregnant adult women. Children 
and pregnant women can be rarely affected [1]. Many pa-
tients do not have a prominent TTP clinical signs, until 
microthrombosis-related specific organ damage symp-
toms occur. So, many clinicians have difficulty diagnos-
ing TMA/TTP at first admission [2, 3].

Immune TTP (iTTP) is characterized by a severe defi-
ciency of ADAMTS13 (typically activity <10%), which 
caused by immunoglobulin-G-type antibody that inhibits 
proteolytic activity and/or accelerates the opsonization/
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plasma clearance of the protease. ADAMTS13 is mainly 
synthesized in hepatic stellate cells and endothelial cells 
of the liver. The human ADAMTS13 gene is encoded in 
29 exons covering about 37 kb in chromosome 9q34. 
Also, “ABO” blood group genes are encoded in chromo-
some 9q34.2. Deletion of guanine at position 258 near the 
N-terminal of the protein creates a frameshift mutation, 
causing the “O” blood group, an almost completely dif-
ferent protein form. Individuals with the A, B, and AB 
allele contain glycosyltransferase activities that convert 
the H antigen to the A or B antigen. It is still uncertain 
whether the presence of ADAMTS13 and ABO blood 
group in the same gene region has an effect on the patho-
physiology of the disease [4].

The relationship between ABO blood group and plas-
ma vWF levels has been known for a long time [5]. Serum 
levels of vWF vary according to 30% ABO blood group, 
and 70% genetic reasons [5]. People with the “O” blood 
group have been shown to have lower levels of vWF than 
other blood groups (O < A < B < AB, respectively), as well 
as for those with A and B blood groups the concentration 
of vWF from homozygotes (AA or BB) (AO or BO) has 
been shown to be slightly higher. It was reported that the 
incidence of von Willebrand disease (vWD) was higher 
in patients with “O” blood group and 77% of type 1 von 
Willebrand cases were composed of “O” blood group pa-
tients. In this context, it is considered that the frequency 
of TTP in patients with the “O” blood group should be 
lower than expected in patients in the “AB” and “B” blood 
groups [5, 6].

Also, the rate of ADAMTS13 proteolysis of vWF is 
faster for the “O” blood group compared to other blood 
groups, and the pathophysiology of this relationship is 
not fully understood. However, it is thought that different 
translational modification patterns in the glycosylation 
regions of N-linked ABO (H) antigen oligosaccharide 
chains due to ABO blood group cause change in the 
chemical and 3-dimensional structures of the sugars and 
the change of steric or electrical charge effects. As a result 
of these changes, vWF shows a different sensitivity to pro-
teolysis [7].

Our aim is retrospectively to examine the relationship 
between ABO blood group, PLASMIC score, ADAMTS13 
level, the number of applied plasmapheresis, and the 
treatment response. Our study could provide additional 
information that could potentially increase the knowl-
edge of the pathophysiology of such rare diseases.

Materials and Methods

Patients
The data of patients diagnosed as iTTP and referred to the three 

different apheresis centers for total plasma exchange (TPE) be-
tween 2011 and 2020 were obtained retrospectively. Thirty pa-

tients (10 males, 20 females) over 18 years old were included in the 
study.

All patients were diagnosed by a hematologist after clinical and 
laboratory evaluation before TPE. The diagnosis of iTTP was based 
on laboratory evidence of microangiopathic hemolytic anemia 
(presence of fragmented erythrocytes on peripheral blood smear), 
thrombocytopenia. The other clinical features of the disease (i.e., 
fever, neurological symptoms, acute renal failure) were also evalu-
ated and noted separately for each patient. Only subjects who were 
categorized as iTTP were included in this study, and subjects with 
congenital TTP or suspected secondary TMA were excluded. The 
data were collected retrospectively from patient registration files 
of the centers where the patients were followed up.

Demographic Data and Laboratory Results
Demographic data such as age, gender, and blood group ABO 

were recorded. Additionally, laboratory results that included 
platelet counts, hemoglobin/hematocrit, mean corpuscular vol-
ume (MCV), lactate dehydrogenase (LDH), total reticulocyte 
count, and serum creatinine were also recorded.

To exclude autoimmune hemolytic anemia, direct coombs 
screening test, to exclude DIC, activated prothrombin time, pro-
thrombin time, and fibrinogen levels were measured from all pa-
tients included in the study, but these results were not included in 
the evaluation. The calculated PLASMIC scores of all patients at 
the time of admission were noted separately.

TPE Procedure
TPE procedures were performed with Fresenius COM.TEC 

and Spectra Optia apheresis systems. TPE continued according to 
the clinical and laboratory response. Response status determined 
total TPE count, session interval, and length of hospital stay. For 
this purpose, clinical findings, platelet count, and LDH levels were 
followed daily. TPE continued daily until the platelet count ex-
ceeded 150,000/mm3 for two consecutive days, and LDH levels 
decreased to the normal range (<240 U/L). After complete clinical 
and laboratory recovery, TPE frequency reduced (initially every 
other day, then 2 days a week) and discontinued. ABO type-spe-
cific fresh frozen plasma used as a replacement fluid in all proce-
dures and at least one total plasma volume (1–1.5) of the patient 
was changed in each procedure.

ADAMTS13 Activity and Antibody
Since TPE treatment was initiated without waiting for the result 

of ADAMTS13 activity, just before the first TPE started samples 
were taken into blue cap tubes (3.2% Na citrate) and sent to the 
reference laboratory in a few hours for ADAMTS13 activity mea-
surement. None of these samples were visibly hemolyzed, or serum 
bilirubin levels were above 10 mg/dL. ADAMTS13 activity was 
measured using FRET. ADAMTS13 activity levels were classified 
as serious (below 10% of normal) or moderately (between 10% and 
60%) reduced. The ADAMTS13 antibody was serologically detect-
ed in all samples by enzyme-dependent immunosorbent analysis 
(ELISA not by functional Bethesda-like assay) ≥15 U/mL antibody 
level was considered as positive. But this technique is unable to 
determine whether these antibodies are functional inhibitors or 
not.

Definitions
Treatment response criteria are defined as response: normal-

ization of the platelet count and LDH < 1.5 times ULN with no 
clinical evidence of new or progressive ischemic organ injury; re-
mission: normal platelet count for 30 days after stopping TPE and 
anti-vWF therapy, or with attainment of ADAMTS13 remission 
(partial or complete), whichever occurs first; exacerbation: recur-
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rent thrombocytopenia with or without clinical evidence of new or 
progressive ischemic organ injury within 30 days of stopping TPE 
or anti-vWF therapy; relapse: after a clinical remission recurrent 
thrombocytopenia with or without clinical evidence of new ische-
mic organ injury. A clinical relapse must be confirmed by docu-
mentation of severe ADAMTS13 deficiency [8].

Statistical Analysis
Standard incidence rate (SIR) was calculated to compare fre-

quency of blood groups in TTP patients, and in Turkish popula-
tion, SIR was calculated as the ratio of observed blood group to 
expected blood group (O/E). After calculating 95% confidence in-
tervals for SIR, “Poisson distribution” was accepted as appropriate 
and “p” values were calculated. In the literature, it has been report-
ed that parametric tests lose their strength in small sample sizes. 
Nonparametric tests, like permutation tests, are not affected by the 
assumptions and produce more reliable results in small sample 
sizes [9].

In the analysis, the permutation test equivalents were used in-
stead of ANOVA, t test, or χ2 tests for binary or multiple compar-
isons of continuous and categorical variables. In calculations, type 
1 error rate alpha 0.05 was accepted. Statistical analyses were per-
formed using R 3.5.0 (R Core Team, 2018) software. Tables were 
created with Microsoft Excel.

Results

Demographic and Laboratory Data of All TTP 
Patients
Thirty patients (10 males, 20 females; median age 45 

years; range 23–74 years) followed up with diagnosis of 
iTTP were retrospectively evaluated. PLASMIC score was 
evaluated for all patients before the diagnosis. Two pa-
tients (6.7%) had moderate score [5] and 28 patients 
(96.6%) had high PLASMIC score (≥6).

Fever (≥38.3°C) was detected in 16 (53.3%) patients. 
Fourteen patients (46.6%) had thrombocytopenia-related 
skin findings as petechiae, purpura, ecchymosis, and no 
life-threatening bleeding were observed in any of the pa-
tients. Thus, none of the patients were given platelet 
transfusions. Neurological symptoms and signs varied 
from headache and dizziness to ataxia, paresthesia, con-
fusion, and coma, observed in 18 (60%) patients. Al-
though the renal and cardiac system are less affected, it 
was observed in 7 and 3 patients, respectively. While two 
of the patients had acute coronary syndrome and arrhyth-
mia observed in 1 patient, acute kidney failure (increase 
in serum creatinine ≥0.5 mg/dL per day) occurred in 7 
patients; however, the creatinine values were below 2 mg/
dL and there was no need for hemodialysis.

Only 2 patients (6.7%) died, other patients were 
alive, the median number of TPE treatment was 20.5, 
and the median length of hospital stay was 27.5 days. 
High-dose methyl prednisolone (intravenous methyl-
prednisolone 1,000 mg daily for 3 days) was given in 3 
severely affected patients (serious neurological involve-
ment such as stupor or coma), while the other 30 pa-

tients were treated with standard dose prednisone (1 
mg/kg per day orally).

Rituximab (375 mg/m2 intravenously once a week for 
four consecutive weeks) was added for totally 13 patients 
(43.3%), 5 relapsed and 8 exacerbated under TPE treat-
ment. Other therapeutic approaches were recorded much 
less frequently, and only 1 patient received vincristine 
treatment before rituximab in 2011. However, upon the 
lack of response, rituximab was added. The median fol-
low-up period was 42 months.

Comparison of Groups
Distribution of patients according to blood groups and 

comparison of frequencies according to normal popula-
tion are shown in Table 1. In our study, the most common 
blood group detected for iTTP was “A” and it was found 
statistically more frequently than the frequency in the 
healthy population. In addition, although the frequency 
of group “O” was lower, it was not statistically significant.

The results of the laboratory tests and ADAMTS13 ac-
tivity and antibody levels according to blood groups at the 
time of admission are presented in Table 2. There was no 
statistical difference between blood groups in terms of 
Hb, Hct, MCV, LDH, total and indirect bilirubin, platelet 
counts, and ADAMTS13 antibody levels at the time of 
admission. ADAMTS13 activity level was found higher 
and statistically significant in blood groups “O” and “B.” 
It was considered that ADAMTS13 level was found sta-
tistically higher coincidentally before the treatment in 
“O” and “B” blood groups, compared to the other groups.

When the clinical response rates of TPE therapy were 
compared according to the blood groups of patients, it 
was determined that although the blood group “O” was 
not statistically significant, the number of TPE adminis-
tered was higher and the frequency of relapse was statisti-
cally significant. No statistically significant difference was 
observed between the blood groups in terms of fever, neu-
rological symptoms, renal involvement frequencies. Car-
diac clinical findings were observed in only 3 patients, so 
statistical evaluation could not be performed (Table 3).

Table 1. Blood group frequency comparison in iTTP

Blood 
groups

n Observed 
(O)

Expected 
(E)

Standardized 
incidence ratio

p 
value

O 6 20.00 32.70 0.61 0.99
A 17 56.67 42.80 1.32 0.03
B 5 16.67 16.50 1.01 0.58
AB 2 6.67 8.00 0.83 0.80
Rh (+) 26 86.67 89.90 0.96 0.67
Rh (−) 4 13.33 10.10 1.32 0.21
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Discussion

There is a discrepancy between the results of a limited 
number of studies on the effects of ABO blood group on 
laboratory results, treatment responses, and clinical out-
comes of iTTP patients associated with severe AD-
AMTS13 deficiency. The aim of our study was revealing 
whether the blood group really had an impact on the risk 
of disease and whether it was also a risk factor in deter-
mining the response to treatment and the frequency of 
relapse. vWF expression and clearance vary according to 
the blood group, and previous studies have shown that 
the “O” blood group has a lower vWF level than other 
blood groups [5, 6, 10, 11].

Theoretically, the frequency of “O” blood group ob-
served in patients with TTP is anticipated to be less than 
the expected frequency. Unlike previous studies, the fre-
quency of blood group “A” was found to be statistically 
higher in iTTP patients compared to other blood groups 
first time in our study. In addition, although the frequen-
cy of blood group “O” decreased, it was not statistically 
significant. Interestingly, the number of TPE and dura-
tion of hospitalization for the first attack in the “O” blood 
group is higher than other blood groups, although it is not 
statistically significant. In addition, the frequency of re-
lapse in these patients was 66.6%, and it was found that 
the frequency of relapse increased significantly compared 

to other blood groups. Although the frequency of TTP 
decreases, we have some assumptions to understand the 
need for long-term treatment and increased relapse rate 
in patients in the blood group “O.”

Low vWF production may explain the decrease in UL-
vWF formation and lower iTTP frequency in blood group 
“O.” Higher baseline levels of normal-size vWF observed 
in “non-O” blood groups may compete with ULvWF 
multimers for platelet binding, ultimately reducing the 
risk of vWF-mediated microvascular thrombosis. Due to 
low production of vWF in the “O” blood group, the com-
petition with ULvWF multimers will decrease, so recur-
rence rate will increase and longer TPE will be required 
in patients with “O” blood group.

Our data are concordant and give additional support to 
the findings of Hussein et al. [12]. They found the distri-
bution of blood group “O” among patients with iTTP was 
lower than expected and patients with blood group “O” 
required more sessions to achieve remission than did 
those with blood group “B.” They emphasized the similar 
mechanism to explain this result. Another study by Tunc-
er et al. [13] found that patients of blood group “O” showed 
a trend toward more relapses. However, Behtaj et al. [14] 
reported the opposite to be this condition and found that 
among patients with ADAMTS13 deficiency, “non-O” pa-
tients required a significantly greater number of TPE 
compared to blood group “O” patients but no difference 

Table 2. Comparison of the laboratory results according the blood groups

Variable median (min-max) O (n = 6) A (n = 17) B (n = 5) AB (n = 2) Overall (n = 30) p value

Hb (13.5–17.5), g/dL 9.2 (7.4–12.8) 8.1 (5.5–11.5) 7.6 (5.3–10.7) 10.0 (8.3–11.8) 8.5 (5.3–12.8) 0.47
Hct (36.6–44), % 28.2 (22.1–35.1) 23.7 (16–32.9) 22.8 (15.5–30.5) 29.4 (25.3–33.6) 24.5 (15.5–35.1) 0.06
MCV (82.9–98), fL 88.7 (88–104) 88 (76.6–95.9) 84.5 (82–129.3) 88.5 (84.9–92) 88 (76.6–129.3) 0.25
LDH (0–247), U/L 1,065 (488–2,587) 1,125 (595–2,226) 745 (311–3,200) 1,367.5 (1,246–1,489) 1,119 (311–3,200) 0.86
PLT (150,000–450,000), /mm3 11,000 (10,000–20,000) 11,000 (3,000–55,000) 14,000 (9,000–74,000) 11,500 (9,000–14,000) 11,000 (3,000–74,000) 0.09
Total bilirubin (0.3–1.0), mg/dL 2.6 (1.9–2.9) 2.8 (1.2–7.7) 2.7 (1.5–3.3) 4.2 (3.1–5.1) 2.7 (1.2–7.7) 0.43
Indirect bilirubin (0–0.8), mg/dL 2.2 (1.3–2.6) 2.2 (0.4–7.0) 1.9 (1.1–2.2) 3.5 (2.4–4.6) 2.2 (0.4–7.0) 0.40
ADAMTS13 activity (40–130), % 2.6 (0.2–5) 0.2 (0.2–1.9) 2.2 (0.4–7.0) 0.1 (0–0.2) 0.2 (0–7.0) 0.04
PLASMIC score 6 6 6 6.5 6 0.46
Creatinine (0.74–1.25), mg/dL 1.1 (0.9–2.1) 1.1 (0.6–5.6) 1 (0.7–1.2) 1 (0.9–1.1) 1.1 (0.7–5.6) 0.60
INR (0.8–1.2) 1.1 (1.0–1.2) 1.0 (0.9–1.6) 0.9 (0.9–1.5) 0.9 (0.8–0.1.0) 1 (0.9–1.6) 0.66
ADAMTS13 antibody (<12), U/mL 58.5 (36.9–90) 51.2 (22.8–90) 71.8 (55–90) 25.2 (50.3–65) 55.5 (22.8–90) 0.30

Table 3. Comparison of the clinical findings and responses according the blood groups

Variable O (n = 6) A (n = 17) B (n = 5) AB (n = 2) Overall (n = 30) p value

Frequency of fever, n (%) 3 (50) 11 (64.7) 2 (40) 0 16 (53.3) 0.31
Frequency of neurological symptom, n (%) 4 (66.6) 10 (58.8) 4 (80) 0 18 (60.0) 0.26
Count of TPE 24 (13–35) 20 (3–56) 8 (6–22) 30.5 (28–33) 20.5 (3–56) 0.21
Relapse rate, n (%) 4 (66.6) 2 (11.7) 1 (20) 0 7 (23.3) 0.04
Mortality rate, n (%) 0 1 (5.8) 1 (20) 0 2 (6.7) 0.56
Length of hospital stay, day 32 (10–51) 28 (2–62) 21 (11–29) 39.5 (32–47) 27.5 (2–62) 0.30
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in frequency between blood groups. In other studies, there 
was no difference between the blood groups in terms of 
number of TPEs per episode and response to TPE or re-
lapse of the disease in the univariate analyses [13, 15].

In terms of comparison of blood group frequencies, 
more studies were found to detect no difference between 
the frequencies of blood groups “O” and non-O [13–20]. 
The only study reporting that the frequency of TTP in-
creased in blood group “O” was performed by Terrel et al. 
[18], and they found that the frequency of blood group 
“O” was unexpectedly and significantly greater than the 
race ethnicity-adjusted expected frequency in 65 patients 
with severe ADAMTS13 deficiency.

Although hereditary TTP cases were an exclusion cri-
terion in our study, interestingly, it was noteworthy that 
the 2 patients in our follow-up were blood group “O.” The 
presence of both the genes encoding the blood group and 
the genes encoding ADAMTS13 on the arm of chromo-
some 9 at position 34.2 (chromosome 9q34.2) raises the 
question whether there is a relationship between blood 
groups and hereditary TTP and ADAMTS13 mutations 
are affecting the blood groups. Unfortunately, hereditary 
TTP is very rare, making it difficult to conduct large co-
hort studies to show this relationship. There is an inter-
national registry of patients with hereditary TTP (www.
ttpregistry.net). In the article in which the data were pub-
lished, the relationship between blood group and heredi-
tary TTP was not mentioned [19].

In our study, the demographic data of the patients 
were similar to the previous studies and the median age 
was 44 years; it was found more frequently in women 
(66.7%) [20, 21]. Fever was the most common clinical 
finding as expected and observed in 53.3% of patients. 
Although the rate of renal involvement in TTP reported 
in previous studies ranged between 10 and 76%, we ob-
served in 11.7% of our patients [20, 22, 23]. In addition, 
neurological involvement was observed in 52.9% of pa-
tients ranging from headache to coma. Neurological 
symptoms are often known to be associated with intra-
vascular microthrombi. It has been stated in some studies 
that the basal vWF level is high in blood groups other than 
the “O” group and the frequency of thromboembolism 
and therefore neurological symptoms are more common. 
However, contrary to these studies, in our study, no sta-
tistically significant difference was found between the 
blood groups in terms of TTP clinical findings. Cardio-
vascular involvement, one of the rare clinical findings, 
was recorded in 11.7% of patients in our registry. Previ-
ous reports found 3–40% of TTP cases presenting with 
cardiac symptoms [24, 25].

No statistically significant difference was found be-
tween the blood groups at the time of admission when 
compared to laboratory findings and PLASMIC score. As 
our study, Staropoli et al. [15] reported that their results 

did not show statistically significant differences between 
group “O” and non-O patients: age, platelet count, and 
LDH concentration at presentation. Furthermore, we did 
not find any statistically significant difference between 
ADAMTS13 antibody levels among the blood groups. Ac-
cording to ADAMTS13 activity level, there was a statisti-
cally significant increase in “O” blood group, since only 
iTTP patients were included and patients’ ADAMTS13 
activities were generally below 5%. In addition, no statisti-
cally significant difference was found in the clinical re-
sponse to treatment. Although ADAMTS13 measurement 
was recommended at regular intervals during treatment 
and remission for early prediction of subclinical disease 
reactivation and recurrence, this was not possible in our 
clinical practice because measurements were made at the 
external reference laboratory [26]. In the routine, one AD-
AMTS13 measurement was made before plasmapheresis 
or fresh-frozen plasma replacement to support the diag-
nosis in patients suspected of iTTP in all three centers.

The main treatment of iTTP is TPE, which has reduced 
the mortality from 90% to <10% [27]. In patients who 
cannot start TPE in the early disease period, high-dose 
plasma infusion may be an alternative treatment for TTP. 
Since TPE could be started within hours for all patients, 
no patients needed high-dose plasma infusion. While 
TPE alone may be sufficient for most idiopathic TTP pa-
tients, steroid therapy is added to the treatment by all 
three centers due to antibody positivity. Despite these 
treatments, rituximab treatment due to exacerbation and 
relapse was applied in 43.3% of the cases.

TTP is a disease in which mortality can be prevented with 
effective plasmapheresis. At our center, relapse rate was sim-
ilar and 30-day mortality rate was significantly lower than 
previously published data. In most studies, TTP-related mor-
tality rates due to severe ADAMTS13 deficiency were found 
above 10% [28–31]; however, as in our study, there are few 
studies with mortality below 10% with treatment and exac-
erbation of acute TTP occurred in 26.6% rate [32–34]. In only 
2 patients who died despite proper treatment, mortality is 
thought to be due to the patient’s late admission to the hos-
pital for more than 72 h after the appearance of neurological 
symptoms. As shown in previous studies, delay in starting 
treatment is associated with treatment failure [28, 31, 35]. In 
addition, when the patient first admitted to the hospital, she 
did not have a fever, and the findings of kidney failure and 
hypertension (systolic 210 mm Hg; diastolic 120 mm Hg) 
were more prominent. Three-day double total plasma vol-
ume TPE and additional intravenous methylprednisolone 
1,000 mg daily were administered; however, the patient died 
on the 4th day of treatment.

Conditions that are limiting our study are as follows: 
iTTP is an orphan disease, and this limits it from being a 
large-scale study, although it was a multi-center study. 
Some of statistical analysis limited depending on the 
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number of patients. Second, some patients were excluded 
from the study due to lack of data and ADAMTS13 anti-
gen and activity measurement. This also limited the num-
ber of patients.

In conclusion, although blood group “A” appears to be 
associated with the development of iTTP, the number of 
TPE required and relapse frequency in blood group “O” 
was higher than the other groups. In addition, in our 
study, there was no statistically significant difference be-
tween the blood groups in terms of age, fever, and neuro-
logical findings, ADAMTS13 antibody levels, and other 
laboratory parameters.
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