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Preface – High Medical Value Biomarkers
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There are several definitions of biomarkers. A biomarker is a characteristic that can be objectively measured and evaluated as a physiological 

indicator as well as a pathological response to a therapeutic intervention. A biomarker test can be as simple as a laboratory test and a 

biomarker can be as complex as a pattern of genes or proteins. In practical terms, biomarkers, especially what we call high medical value 

biomarkers, can specifically and sensitively reflect the disease state. In this way, it can on the one hand guide disease diagnosis, and on the 

other help with disease monitoring during and following treatment.

Biomarkers can be divided into four broad categories:

1) Diagnostic biomarkers: categorize patients by presence or absence of disease/disease subtype

2) Prognostic biomarkers: provide information on the likely course of disease in an untreated diagnosed individual (future outcome 

of a disease) 

3) Predictive biomarkers: categorize patients by their likelihood of response to a particular treatment

4) Response/pharmacodynamic biomarkers: indicate a biological response in patients after patients receiving treatment interventions

Mindray has developed a group of high medical value 

biomarkers to provide  high quality and high medical value 

CLIA solutions for supporting diagnosis-to-treatment 

management in different scenarios. This book is an 

introduction to the clinical values and clinical applications of 

these biomarkers which have almost all of the characteristics 

mentioned above. For instance, procalcitonin (PCT) is an 

important host response biomarker indicative of infection. 

For medical emergency, it can be used as an important 

biomarker for screening and early diagnosis of sepsis and 

indicating the severity of the infection. Meanwhile, in 

COVID-19 diagnosis, it can also be an essential biomarker to 

help clinicians exclude bacterial infection. Besides, 

monitoring PCT helps to avoid abuse of antibiotics and 

allows physicians to evaluate the treatment effectiveness 

more easily.  Therefore, PCT is not only a diagnostic and 

prognostic biomarker, but also a predictive and 

pharmacodynamic biomarker.

This book describes the values and functions of some high 

medical value biomarkers for different diseases in different 

regions and clinical applications. It provides a full picture of 

how these biomarkers play significant roles in the 

occurrence, development, treatment and prognosis of 

diseases. Clinicians and lab professionals can turn to this 

book whenever they need to use any of these biomarkers to 

determine the patient’s disease state and the therapeutic 

efficacy and thereby make the right medical decisions.

Cardiology
Department

Hematology
Department

Orthopedics
Department



 PCT – A Comprehensive Biomarker for Infection

Procalcitonin (PCT) is a precursor of calcitonin. PCT test is the only FDA-approved laboratory test 

specific to bacterial infection and sepsis diagnosis. PCT testing could provide information about 

the host response to bacterial infection.

One of the most promising functions of PCT test is the early detection of patients 

at risk for sepsis and bacteremia.

For medical emergency, screening and early diagnosis of sepsis are significantly 

helpful for the patient management. The diagnosis of sepsis should be based on 

evidence from the patient’s symptoms and signs, as well as sepsis specific 

laboratory tests, e.g., PCT and blood culture[1].  Scores such as sequential organ 

failure assessment (SOFA) and quick SOFA (qSOFA) are also widely applied to 

support the diagnosis of sepsis[2]. 

PCT can be combined with related clinical scores, including SOFA and qSOFA 

scores, for sepsis diagnosis and prognosis prediction. A simple modification of 

qSOFA score by adding the ordinal scale 

of PCT value to qSOFA can greatly 

improve the suboptimal sensitivity 

problem of qSOFA and may serve as a 

quick screening tool for early 

identification of sepsis[3]. 

In addition, the clinical application of PCT in COVID-19 has 

become a hot topic among researchers. Some studies found 

bacterial coinfection and secondary infection happen in 

COVID-19 patients, and the frequency of bacterial infection is 

higher in critically ill patients than the mild/moderate ones [4]. If a 

patient with COVID-19 also has bacterial co-infection or 

secondary infection not known to the clinician, the patient's life 

will be threatened by not only COVID-19 but also potential sepsis 

or septic shock. Hence, it is critical for clinicians to take into 

account comprehensive information when designing a treatment 

plan for a COVID-19 patient. Specifically, they should include PCT 

as a routine test before admitting the patient and use the test 

results as supplementary information to guide the treatment.

Is this fever patient                                                                    infected with pathogens?

With further research, clinicians found that PCT is a 

robust indicator for discriminating between critically ill 

and severe/moderate patients [5]. PCT may be an 

indicator of disease severity in COVID-19. Moreover, serial 

PCT measurements may be useful in predicting the 

prognosis of COVID-19.

PCT helps in the differentiation of viral and bacterial infections for early diagnosis and treatment.
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Sensitive and specific Measurable Available and affordable Responsive and reproducible Timely guidance

Biomarker has characteristic that reflects the severity or presence of some disease state 

while the ideal biomarker of infection needs to be sensitive, specific, rapid and cheap.  Early 

recognition, assessment of severity, and rapid detection of the causative  microorganism are 

critical for early treatment and medication guidance. Mindray could provide comprehensive 

solutions including PCT assay, clinical scores and blood culture.  

Diagnostic Algorithm 

Sepsis diagnosis  (99.5%)

LACTATE ≥2 mmol/L

Clinically suspicious of sepsis 

PCT≥0.5 ng/mL

Septic shock (99.9%) 

96% Sepsis
98% Septic Shock

MR-proADM 
>1.5 nmol/L

SOFA ≥2 or 
qSOFA≥2

QUICK

SEPSIS RELATED

ORGAN

FAILURE

ASSESSMENT

RR > 22bpm
1 SCORE

SBP < 100mmHg
1 SCORE

GCS< 15
1 SCORE

24hr window

Pre-lCU qSOFA
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Stay in ED or Ward

24hr window

ICU Admission

Stay in ICU

What Is qSOFA 

100.4F
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Acute bacterial co-infection in COVID-19 by a rapid living review and meta-analysis

Procalcitonin (PCT) levels in COVID-19 patients [6]

Blood culture
Gold standard for definitive 
diagnosis of bacterial and 
fungi infection

Clinical scores
A valuable tool to 
predict clinical response 
in sepsis

    

Mindray 
Sepsis 

Solution

PCT
Provide reliable pathogen
-evidence 
Provide guidance 
for antibiotic therapy 
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 Multi-functional Steroid Hormone - Vitamin D 
Vitamin D is a kind of fat-soluble vitamin. It is a steroid derivative and is an essential nutrient and 
indicator for human health.

The liver and other tissues metabolize vitamin D, whether from the skin or oral ingestion, to 
25-hydroxyvitamin D, the principal circulating form of vitamin D. 25-hydroxyvitamin D is then 
further metabolized to 1,25-dihydroxyvitamin D principally in the kidney or in selected tissues 
and cells. 1,25-dihydroxyvitamin D is the main active form of vitamin D, responsible for most of its 
biologic actions.

Knowledge of the widespread effects of vitamin D on skeletal and non-skeletal functions, 
including immune functions, has developed considerably over the past decades. 

Chapter  2

Vitamin D interacts with the VDR in 
neuronal and glial cells resulting in the 
regulation of a variety of genes and 
metabolic processes that influences brain 
development, neurotransmission, 
neuroprotection amongst other functions
[10].  Vitamin D deficiency has serious 
long-lasting consequences for mental 
health and has been associated with a 
variety of neurological disorders.

Vitamin D in Brain Health

Vitamin D deficiency has emerged as an independent risk factor for 
cardiovascular mortality due to its association with structural and functional 
cardiovascular changes. Vitamin D deficiency could cause myocardial 
hypertrophy, inappropriate stimulation of the renin angiotensin system and 
high blood pressure which seem to be linked to increased renin-angiotensin 
activity[11].  Therefore, vitamin D supplements can potentially be beneficial to 
treat chronic kidney disease and to reduce the associated cardiovascular risk.

Vitamin D in Cardiovascular Effects

Vitamin D is essential for strong 
bones, because it helps the body 
use calcium from the diet. 
Traditionally, vitamin D deficiency 
has been associated with rickets, a 
disease in which the bone tissue 
does not properly mineralize, 
leading to soft bones and skeletal 
deformities. Vitamin D deficiency 
can lead to osteomalacia and 
osteoporosis in adults[13]. 

Vitamin D in Bone Health
Role of vitamin D in the regulation of Ca and P

Accumulating data suggest that vitamin D can 
regulate the entire process of tumorigenesis, from 
initiation to metastasis and cell–microenvironment 
interactions. Vitamin D plays a key role in 
preventing the initiation stage by exerting 
anti-inflammatory and antioxidant defenses and 
DNA damage repair processes. Vitamin D deficiency 
increases the risk of developing cancer and vitamin 
D supplements might be an economical and safe 
way to reduce cancer incidence and improve cancer 
prognosis and outcome[8]. 

Vitamin D in Cancer Progression

The general nature of vitamin D receptor (VDR) has led to new researches 
exploring the effects of vitamin D on a variety of tissues, especially skeletal 
muscles. The active form of vitamin D, calcitriol, acts in myocytes through 
genomic effects involving VDR activation in the cell nucleus to drive cellular 
differentiation and proliferation. Vitamin D deficiency is consistently associated 
with decrease in muscle function and increase in disability. Therefore, vitamin D 
supplementation can improve muscle strength and gait in different settings[9] . 

Vitamin D in Neuromuscular Function

Vitamin D

Breast, ovary, prostate, colon,etc.

The role of vitamin D in innate and specific immune response has been 
proven in many studies. Vitamin D receptors (VDR) are present in many 
immunological cells, such as B cells, T cells and macrophages, mainly after 
immune response activation. Therefore, vitamin D deficiency is 
associated with increased susceptibility to infections like acute 
respiratory tract infections and severity of respiratory infections[7]. 
Nowadays, more and more researches have further proven that vitamin D 
low levels are associated with adverse outcomes in COVID-19 patients 
because it plays an important role in immune system. 

Vitamin D in Immune System

Apoptosis 
Anti-proliferation

Pro-differentiation
Autophagic cell death 

Antioxidant & DNA
 damage repair

Antiangiogenic effect

Cell Growth Regulation

Vitamin D

Intestine       KidneyBone

Parathyroid
gland 

Calcium and phosphorus in blood

PTH  

Parkinson's disease

Schizophrenia

 Stroke

Multiple sclerosis

Alzheimer's disease
 

Depression

Cognitive dysfunction Epilepsy

Autism 

Seasonal affective disorder
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Chapter  3

Ferritin is the protein which stores iron in human body.

What is ferritin?

Different medical conditions could lead to different serum 

ferritin levels in human body.

The change of ferritin levels

Fe+++
Fe++

Iron core
Oxidized

Fe3+ Apoferritin Ferritin

The body absorbs iron from food. The absorbed iron is primarily 

used for red blood cell production, while the remaining iron is 

stored as ferritin in liver, spleen, and muscles etc.

Menstrual bleeding

Iron deficiency/ Anemia

HCI (Hydrogen chloride) secretion decrease

GI (Glycemic Index)disorders

Ferritin Levels

Leukemia Viral infection Autoimmune 
disorders

Inflammation

ⅠL-1 ⅠL-6 TNF-α

Macrophages PCTLiver

Ferritin Levels

healthy muscles bone marrow organ function

Iron is also important for

Iron is very important to the way the body works.

Iron from
food

Healthy 
Eating

50%

30%

5%

15%

Bone marrow

Ferritin

Thus, hyperferritinemia has been associated with increased 

illness severity and adverse outcomes in COVID-19[15].

Many studies on COVID-19 have revealed that elevated levels of 

ferritin are present in severe COVID-19 patients compared with 

non-severe ones. It has been concluded that serum ferritin 

levels are closely related to the severity of COVID-19[14].

The role of serum ferritin in COVID-19

To monitor a clinical condition, a ferritin test may be used to 

guide treatment[16,17].

A ferritin blood test is a simple procedure to measure the levels 

of ferritin in the blood. It helps doctors to understand how 

much iron the body is storing, and to find out if the body has 

the right amount of iron to stay healthy. Too much or too little 

can cause serious health problems if it is untreated.

Ferritin blood test

If a ferritin test reveals that the blood ferritin level is lower 

than normal, it indicates that the body’s iron stores are low, 

and that there is an iron deficiency. Without enough iron, a 

person could develop anemia.

If the ferritin test reveals that the ferritin level is higher than 

normal, it may indicate that a condition is present that causes 

the body to store too much iron.

Based on these symptoms and other conditions, doctors may 

order a ferritin test for diagnostic and treatment guidance.

What might lead to a ferritin test?

Symptoms of High 
Ferritin Levels 

Muscle 
weakness

Unexplained 
weight loss

Abdominal 
pain

Pain in joints Hair loss
IVF

Weakness Dizziness

Shortness 
of breath

Restless legs Headaches

Long-lasting 
fatigue

Symptoms of Low 
Ferritin Levels 

 

COVID-19 Correlated Biomarkers

Cytokine storm Ferritin test  Procalcitonin test

Vitamin D test

Risk of secondary 
bacterial infection

Boosts immunity& Suppresses 
Cytokine storm 

Hyperferritinemia

VIRUS ENTERS BODY

Cytokine Storm
Occurs

Clotting

Shock
Lung 
Injury

Cell 
Death

Immune 
Paralysis

Renal 
Failure

Hyperferritinemia

restless leg  syndrome liver disease still’s disease

Doctors can also use ferritin to diagnose

0706     

Wide Clinical
Applications of
Ferritin



Chapter  4

The syndrome of primary aldosteronism (PA) was first 

described by Conn in 1955 . It is characterized by 

hypertension, suppressed plasma renin activity (PRA), 

increased plasma aldosterone concentration (PAC), and 

insuppressible aldosterone levels in the blood or urine.

ARR screening leads to 10-fold increase in the annual 

detection rate of primary aldosteronism[21]. 

Angiotensinogen

Sympathetic
activity

Arteriolar 
vasoconstriction 
causes blood 
pressure to increase

Pituitary gland 
ADH secretion
increases HO 
reabsorption

Water and salt retention.
Increase in e�ective circulating volume.

Increase in the perfusion of the juxtaglomerular apparatus. 

Aldosterone 

Tubular Na+ Cl – 
reabsorption
And K+ excretion
HO retention

Renin 

Angiotensin

ACE

Angiotensin

 

Hyperaldosteronism

Secondary

Renal artery stenosis 

CHF(Congestive heart failure)

Cirrhosis 

Nephritic syndrome 

Aldosterone 

Renin 

Hypernatremia

HTN

Hypokalemia 

Metabolic alkalosis

Aldosterone 

Renin

Hypernatremia

HTN

Hypokalemia 

Metabolic alkalosis

Secondary

Unilateral adenoma 

Bilateral adenoma

Primary

Weakness

Visual disturbancesTemporary paralysis Fatigue

PalpitationsHeadaches Muscle cramps

Tingling

Increased thirstFrequent urination

Distinguishing the subtype of primary 
aldosteronism is critical to deciding on the 
appropriate therapy

ARR is a useful tool for PA detection 

Due to the limitation of Computerized 
Tomography, adrenal venous sampling is needed[22]

APA or PAH:
Unilateral 

laparoscopic
adrenalectomy

Con�rmed primary aldosteronism

Adrenal CT scan

AVS

Subtyping algorithm

No lateraliza-
tion

with AVS

IHA:
Pharmacologic

therapy

Adrenalectomy 
seldom 

corrects the 
hypertension

APA, aldosterone-producing adenoma; 

AVS, adrenal venous sampling;

CT, computed tomography; 

IHA, idiopathic hyperaldosteronism; PA, primary aldosteronism; 

PAH, primary adrenal hyperplasia.

Lateralization
with AVS

Adrenalectomy results
Normalized hypokalemia
Improved hypertension
30% to 60% cured
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Sample obtained from adrenal 
veins of both sides 

Assay :
Aldosterone / Cortisol

Calculate Lateralization Index (LI) : 
ratio of PAC/cortisol from the APA 
side to that from the normal side

Right
adrenal

vein

Left
adrenal
vein

PA diagnosis is insu�cient

≥PA

8

6

4

2

0

Log-ARR

EH(Age)
<40 ≥40

2000

1500

1000

500

0

Time, year
1994 1995 1996 1997 1998 1999 2000

Patients, no.

ARR=PAC/PRA

PAC: Plasma aldosterone concentration

PRA: Plasma renin activity 

Renin and Aldosterone in RAAS
(Renin-Angiotensin-Aldosterone System)[18]

Di�erent directions of renin and aldosterone in 
primary and secondary hyperaldosteronism[19]

When to Consider Testing for Primary 
Aldosteronism:

When to Consider Testing for Primary 
Aldosteronism:

All patients with hypertension should be tested at least once

Morning blood sample in seated ambulant patient
Plasma aldosterone concentration (PAC)
Plasma renin activity (PRA) or plasma renin concentration(PRC)

24-h urine for aldosterone and sodium on a high sodium diet, or
4-h saline infusion test

PAC ≥ 277 pmol/L ( ≥10 ng dL-1)
and

PRA (<1.0 ng mL-1h-1) or
PRC (< lower limit of reference)

Con�rmatory Testing (if spontaneous   K+ absent):

All patients with hypertension should get tested[20]

PA signs and symptoms are non-speci�c. These 
may include:

The Most Neglected Reason 
of Hypertension – 
The Role of Renin and 
Aldosterone in PA



Chapter  5

What can AMH Level 
Tell about Your 
Ovarian Reserve?

Figure. AMH levels do not vary at any point in women’s ovarian cycles[25].
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The AMH value reflects the number of preantral follicles 

developed from the original follicle, which is the reserve 

function of the ovary[26].

hormone (FSH) levels change during the different phases of 

women’s ovarian cycles. However, AMH levels remain constant[24] .

AMH

Initial recruitment

Primordialfollicle pool

Small Preantral

Large Preantral
Small Antral

Large Antral
Preovulatory

AMH

Cyclic recruitment

FSH

What is the role of AMH in the ovulation process?

AMH is produced in the follicles of women of reproductive 

age and inhibits the transition of follicles from the 

primordial to the primary stage. AMH controls follicular 

maturation using two mechanisms and thereby controls the 

two different stages of follicular recruitment.

Do AMH levels change with age?

https://www.whitelotusclinic.ca/blog/dr-fiona-nd/amh-pcos-test/
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https://www.shadygrovefertility.com/blog/diagnosing-infertili-
ty/amh-level-and-your-ovarian-reserve/

What are the factors that may a�ect serum AMH?[27]

Day of menstrual cycle                              GNRH agonists      

Oral contraceptives                                     Pregnancy

No Influence

PCOS

Increase AMH

lncreasing age                                          Increased body mass index

Administration of gonadotropin          Oophorectomy

Administration of chemotherapy or radiation

Decrease AMH

Serum AMH levels are indicative of the size of the growing 

follicle pool. Changes in serum AMH levels occur relatively 

early in the sequence of events associated with ovarian aging. 

AMH demonstrates the highest accuracy in predicting the 

occurrence of menopausal transition. Therefore, AMH is 

applied as a marker for ovarian status evaluations in many 

clinical settings[28,29,30].

Why AMH is widely assessed in clinical settings?

Menopause Status

Ambiguous Genitalia

Granulosa Cell Tumor

IVF

Ovarian Reserve

PCOS

AMH

Age has a significant impact on fertility-fertility tends to drop 

after the age of 35 for women, and 40 for men.

For women who are preparing for pregnancy, it is advisable to 

check their ovarian reserve. Ovarian reserve is a term used to 

define the ovary's ability to provide viable egg cells for 

fertilization and consequently pregnancy. The ovarian reserve 

declines as women age, resulting in a decrease in the 

reproductive function[23].

Struggling to get pregnant?

40
Forty years old

decreases
 Fertility

decreases
 Fertility

35
Thirty-five years old

The ovarian reserve is a complex clinical phenomenon that is 

influenced by age, genetics, and environmental variables. The 

outcome can be predicted by performing ovarian reserve tests.

AMH is produced by ovarian granulosa cells in women, and by 

Sertoli cells in the testis in men. Its first described function was 

in fetal sex differentiation.

Estradiol, luteinizing hormone (LH) and follicle stimulating 

Ovarian 
Reserve Tests

A hormone that
 is a useful marker of 
reproductive status 

in both men and 
women.

Antral Follicle Count: 
Number of follicles 
measuring 2-5 mm 
in diameter in both 

ovaries.

A hormone 
produced in the 

ovaries that helps 
prepare the uterus 
for implantation of 

a fertilized egg.

 A hormone 
that works with 

FSH to affect egg 
growth.

A female hormone 
that uses 

predominant form 
of estrogen.

AMH

A hormone 
associated with the 

development of 
eggs in women.

LH

AFC

PROG

FSH

E2

What hormones tests are frequently used to 
assess the ovarian reserve?

Why is AMH a better marker for the 
ovarian reserve?

1110     
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