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Abstract / Executive Summary

A fast turnaround time for diagnostic tests is important to enable healthcare professionals to quickly
determine the appropriate treatment strategy for their patients at an early stage.

The combination of C-reactive protein (CRP) and complete blood count (CBC) parameters, typically
included in early patient assessment, can reduce turnaround time and is beneficial for patients in
medical practices, intensive care units, and emergency departments. This combination of parameters
can be particularly beneficial in differentiating between bacterial and viral infections, but also plays a
role in many other diagnostic areas such as fever investigations, acute and chronic inflammation,
autoimmune diseases, Covid-19 infections, post-operative infection control and many more.

This article focuses on the benefits of combining CRP and CBC in one diagnostic system and how this
can improve workflow and efficiency in diagnostics.

Complete blood count and C-reactive protein

A complete blood count (CBC) is an essential, comprehensive blood test that evaluates the type,
number, size, and other characteristics of a patient's blood cells. The CBC measures the amount of
red blood cells (RBC), platelets (PLT) and white blood cells (WBC) including the differential white
blood count. Each of these types of blood cells performs important functions, so determining their
levels can provide important information about general health and can help diagnose a number of
health conditions.

It is an important medical tool because it uses a single sample to analyse the full range of cells found
in the blood, as well as some of the physical characteristics of those cells®. A C-reactive protein test
is often ordered along with a complete blood count. C-reactive protein (CRP) is a highly sensitive
acute-phase protein that is released into the bloodstream within hours of injury, infection or other
causes of inflammation®3.

An increase in CRP levels may precede the clinical symptoms of a particular disease, such as pain or
fever, which is useful for early diagnosis. CRP is particularly useful in the diagnosis and assessment of
infections, fever investigations, differentiation between bacterial and viral infections and
inflammatory conditions.

CRP and CBC are important diagnostic tools for a wide range of diseases and conditions.

Bacterial and viral infections cause similar symptoms such as weakness, fever, muscle aches and
others. Currently, antibiotics are often freely prescribed without clinical confirmation of the
presence of bacteria. Unfortunately, differentiating between bacterial and viral infections based on
non-specific signs and symptoms can be difficult in many cases, such as respiratory infections*>®,

Early differentiation between the two types of infection is essential for appropriate treatment and
prognosis. While bacterial infections are usually treated with antibiotics, antibiotic treatment of viral
infections is ineffective and counterproductive. Inappropriate prescription rates and overuse of



antibiotics have led to antimicrobial resistance, which is one of the greatest threats to global health’.
Therefore, antibiotics should only be prescribed and administered when needed according to
current guidelines®.

The combination of a complete blood count and CRP is an effective way of improving diagnosis and
can help reduce unnecessary use of antibiotics®. The table below shows the CRP reference ranges
for different pathological situations and possible causes:

CRP-Range Disease activity Causes
<5mg/L n. a. n. a.
5-10 mg/L Low-grade inflammation Obesity, diabetes mellitus type 2,

atherosclerotic cardiovascular diseases,
smoking, pregnancy, etc.

10 —-40 mg/L Mild inflammation Local abscess, minor surgical trauma,
accidental trauma, myocardial infarction, deep
vein thrombosis, inactive rheumatic disease,
Crohn’s disease, metastatic malignant tumor,
occasional viral infections etc.

40 -100 mg/L | Moderate inflammation Severe inflammatory processes such as
bronchitis, purulent cystitis, dental
suppuration, urinary tract infection and genital
infections. The infections require intervention,
e.g., therapy with antibiotics.

>100 mg/L High-grade inflammation Acute generalized infections caused by
bacteria and fungi (sepsis), severe tissue
damage after polytrauma or major surgical
interventions

(Adapted from: Thomas, L. C-reaktives Protein (CRP) In: Prof. Dr. Lothar Thomas, Kirschbaumweg 8, 60489 Frankfurt (ed.) Labor und
Diagnose 2020. Chapter 19.4. Accessed September 19, 2023. https://www.labor-und-diagnose-2020.de)

While recent studies have highlighted newer biomarkers of bacterial infection, CRP and CBC remain
cost-effective, with established laboratory standardization, including the availability of

robust internal quality control (IQC) material and widely available external quality assurance (EQA)
schemes. The literature reviewed suggests that, particularly in resource-limited settings, CRP testing
may be beneficial in improving the rational use of antibiotics in febrile patients®.

Among other applications, the combination of a complete blood count and CRP plays an important
role in the investigation of fevers such as malaria, dengue, etc. Although fever can be caused by a
trivial infection, it can also be a manifestation of a rapidly progressing and fatal infection. A short
time to diagnosis for early initiation of treatment may therefore be necessary to save a patient's
lifel. The combination of a detailed review of the clinical course, physical examination, and
laboratory data is crucial in determining the likely cause of the fever.


https://www.labor-und-diagnose-2020.de/

For example, dengue and malaria infections, which often coexist in endemic areas, present with
similar symptoms, and produce somewhat similar abnormalities in CBC parameters. The
combination of CRP level and platelet (PLT) count can be useful in distinguishing between dengue
and malaria, with a low PLT being indicative of dengue, whereas a low PLT count together with an
elevated CRP level is more indicative of malaria?>. Many parasitic infections are associated with
eosinophilia, but in malaria, which is a protozoan infection, EOS are within the normal range®®. CRP is
not a specific biomarker for malaria and the sensitivity of CRP to viral infection is low. However, it is
a useful parameter in understanding the etiology of infection and in distinguishing malaria and
dengue fever from other diseases with similar hematological abnormalities'*. However, dengue and
other non-viral infections can coexist in a single specimen, so relying on CRP alone should not be an
exclusive criterion for differentiating between the two diseases.

Table 1: Findings in assessment of malaria and dengue patients

Disease Type of WBC PLT EOS CRP
infection

Dengue fever Virus Very low Very low Normal/Low Normal

Malaria Protozoa Normal/Low Low Normal/Low High

During the Covid-19 pandemic, CRP played an important role in the diagnosis and monitoring of the
disease. At the beginning of the pandemic, when neither PCR nor rapid tests were available, there
was a need to establish a practical and efficient way of screening large populations for Covid-19
infection. Early reports from China recommended that white blood cell count and C-reactive protein
be included in laboratory tests for early monitoring of infection?®. In addition to peripheral capillary
oxygen saturation (Sp02), a lymphocyte count below 1100/ul and an elevated CRP level were used
for early patient triage. In combination with clinical signs, these parameters helped to differentiate
patients requiring hospitalization from those who could stay at home with self-isolation. Therefore,
hematology instruments that combine CRP and CBC analysis from the same sample made sense for
rapid diagnosis and were preferred by many clinics.

CRP is one of the inflammatory markers that can effectively assess disease severity. High levels of
CRP are associated with the development of severe disease and are correlated with lung lesions in
the early stages of Covid-19%%'7, Elevated CRP has been shown to be associated with a poor
prognosis in Covid-19-positive patients and is therefore used as a marker to monitor disease
progression®®,

In addition to the applications described above, the analysis of CRP together with a complete blood
count plays an important role in many other diagnostic situations. For example, it is used in the
diagnosis of appendicitis, as CRP has the highest diagnostic accuracy in complicated cases. The
diagnosis of appendicitis should not be made only based on clinical examination alone, and more
specific and systemic markers of inflammation are needed. The combination of CRP and WBC may
improve the diagnosis. The combined use of cut-off values for WBC (=13100/uL) and CRP (>1.17
mg/L) gives a higher sensitivity for the diagnosis of complicated appendicitis®.



As a growing number of experimental studies suggest a link between inflammation and cancer,
several observational studies have been conducted to investigate the association between
inflammatory markers, such as CRP and white blood cells, and an increased risk of cancer. A Swedish
study involving more than 100,000 patients provides further evidence of an association between
elevated CRP and leukocyte levels and overall cancer risk®. Furthermore, CRP and leukocyte count
may be dual prognostic predictors in solid tumors and hematological malignancies?Z.

Diagnostic testing for autoimmune diseases is another area where CBC and inflammatory markers
such as CRP are needed. Because autoimmune diseases can affect multiple organs and cause highly
variable signs and symptoms that can change in severity over time, recognizing and diagnosing
autoimmune diseases can be difficult. Blood tests that indicate the presence of inflammation are
usually used to diagnose an autoimmune disease. A complete blood count (CBC) may show
characteristic findings such as normocytic, normochromic anemia, which indicates the chronicity or
severity of the disease, and an increased or decreased platelet and/or white blood cell count. In
combination with CRP, more detailed information about an ongoing inflammation can be obtained?2.

This summary shows that the combination of CRP and CBC markers is necessary and beneficial in the
diagnosis of many different diseases. However, the traditional workflow for analyzing these markers
on different diagnostic platforms is not straightforward and it usually takes time before a treatment
decision can be made.

HumaCount 5DR? — the ideal 2-in-1 solution for 5-part Diff and CRP from one drop of
blood

The conventional workflow for testing CRP and CBC is quite time-consuming. It requires two blood
samples to be taken from the patient, a whole blood sample for CBC and a serum or plasma sample
for CRP.

The detection of CRP using a clinical chemistry analyzer requires several steps. First, the samples
must be collected for batch analysis, then they must be prepared by centrifugation, placed on the
analyzer, and finally the results of the hematology and CRP tests must be combined. It can take
several hours before the doctor can make a treatment decision.

Instead, the HumaCount 5D*" offers an optimized workflow to combine CRP and CBC analysis from
a single blood sample. The system provides rapid results in just 1.5 minutes for timely diagnosis and

treatment planning. This increases efficiency and saves costs by eliminating the need for additional
tests. It is particularly useful for differentiating between bacterial and viral infections and can help
combat the global health problem of antimicrobial resistance by avoiding unnecessary antibiotic
prescriptions.
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Optimized workflow with HumaCount 5D?

Improved efficiency and quality of clinical examination

The combination of CBC and CRP testing provides information of great clinical value, enabling faster
and more accurate medical decisions to reduce hospitalization time and patient costs. Patients
benefit from easy and painless blood collection using capillary venipuncture.

The OptimalCount technology, which requires only 20ul of capillary blood, ensures correct dilution
ratios by auto-diluent dispensing and performs a count of ~3000 cells. This combination of factors
results in a high level of accuracy typically only achieved with venous samples.

Pediatric clinics and maternity wards will benefit greatly from this direct capillary blood method. It
can also be useful for any patient with fragile veins, e.g., the elderly, patients undergoing
chemotherapy or those with a fear of needles. Doctors can take advantage of improved diagnostics
to distinguish between viral and bacterial infections. Often, patients with a respiratory infection
expect the doctor to prescribe antibiotics — even when the illness could be caused by a viral infection
where antibiotics are useless. With the HumaCount 5D, the combination of CRP and CBC provides
a clear diagnosis, and the results can also be used to explain to the patient why antibiotics may not
be indicated. With a small footprint and no need for an external computer, the unit can be installed
in a doctor's office where space may be limited.

The HumaCount 5D could also be a useful addition on hospital wards, close to the patient, to
quickly monitor the patient's health status without having to send a sample to the central laboratory
and wait for the results. The same applies to situations where quick decisions are extremely
important, such as in the emergency room or intensive care unit.




Conclusion and outlook

In summary, the HumaCount 5

DRP with its unique combination of a complete blood count together

with CRP is a useful addition to a variety of diagnostic applications and many different types of users
can benefit from the system. It is the ideal system for rapid diagnosis, but also for acute and chronic
disease monitoring, infection monitoring, antibiotic efficacy, and patient treatment monitoring.
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About HUMAN

Founded in 1972, HUMAN has been one of the global players in the IVD industry for more than 50
years.

Its broad and steadily growing portfolio ranges from classical clinical chemistry to innovative
molecular diagnostic methods as well as special applications like assays for autoimmunity testing.
With its worldwide service and delivery capacities and a broad network of long-standing distributors,
HUMAN supports medical laboratories in over 160 countries and is a recognized partner to
numerous governmental and non-governmental organizations.

HUMAN has its headquarters in Wiesbaden, Germany, and maintains regional sales offices in the
United Arab Emirates, Singapore, China, India, Panama. It has local HUMAN representatives in many
other countries.

Sustainability is a particular concern for HUMAN as a responsible and future-oriented company. A
certified environmental management system has been established that meets the requirements of
the international ISO 14001 standard and the European EMAS directive.




