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ABSTRACT

Review Article

Cell Culture, Technology:

Enhancing the Culture of

Diagnosing Human Diseases

SHUAIBU ABDULLAHI HUDU', AHMED SUBEH ALSHRARI?, AHMAD SYAHIDA?, ZAMBERI SEKAWI*

Cell culture involves a complex of processes of cell isolation from their natural environment (in vivo) and subsequent growth in a controlled
environmental artificial condition (in vitro). Cells from specific tissues or organs are cultured as short term or established cell lines which
are widely used for research and diagnosis, most specially in the aspect of viral infection, because pathogenic viral isolation depends
on the availability of permissible cell cultures. Cell culture provides the required setting for the detection and identification of numerous
pathogens of humans, which is achieved via virus isolation in the cell culture as the “gold standard” for virus discovery. In this review, we
summarized the views of researchers on the current role of cell culture technology in the diagnosis of human diseases. The technological
advancement of recent years, starting with monoclonal antibody development to molecular techniques, provides an important approach
for detecting presence of viral infection. They are also used as a baseline for establishing rapid tests for newly discovered pathogens. A
combination of virus isolation in cell culture and molecular methods is still critical in identifying viruses that were previously unrecognized.
Therefore, cell culture should be considered as a fundamental procedure in identifying suspected infectious viral agent.
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INTRODUCTION

Cell culture technique was first developed in the early 20" century as
a method of studying animal cell behavior in vitro [1]. The principle
of cell culture was established when Roux, an embryologist
used warm saline to maintain chicken embryo for several days,
thereby, coming up with tissue culture principle [2]. Cell culture
has therefore, been defined as the is removal of animal cells and
its propagation and cultivation in vitro in an artificial environment
that is suitable for its growth [3,4]. This usually begins with a
primary culture aiming at achieving confluence, that is formation
of monolayer of cell in a culture flask supplemented the required
nutrients and growth factors. With achievement of confluence,
the cells are then passaged or sub cultured from the primary to
secondary and subsequence to tertiary, until a continuous cell
line is established. The isolation of virus in a cell culture is labour-
intensive, and consumes time [5,6]. Many clinically important
viruses are still either difficult to grow or don’t grow at all in tissues
culture while others may require a sophisticated culture system
which may either not be suitable for diagnostic laboratory use or
not available at all. These might reduce the impact of tissue culture
in clinical diagnosis, thereby making it less attractive in diagnosing
human diseases [5,7] while, some scientist found tissue culture
as a relatively unbiased, whose limitation is only by the ability of
the virus to grow on the selected cell lines [8,9]. However, Vero E6
cells were considered as the most permissive of all cell lines by
providing a versatile medium for recovery of unknown pathogens,
together with Electron Microscopy (EM) to the detection and
classification of unknown agent [10,11].

Observation of cell culture via EM can provide early clues
on aetiologic agent and subsequently guide laboratory and
epidemiologic investigations. This is of clinical important once most
specially, during diseases outbreak since knowing the aetiologic
agent will assist public health officials to institute a timely response
and prevent or limit further spread of the causative agent [12,13].
Therefore, the use of classical techniques of viral isolation in tissue
culture and examination under EM is said to be critical in detection
of viruses that were previously unrecognized as such. Contrary
to the earlier view, cell culture is a fundamental technique that
can be accomplished in hospital diagnostics and microbiology
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laboratories if infectious viral agent is suspected. This technique
was used in discovering Ebola virus in a suspected yellow fever
patient and vice versa in several studies [14-17].

Recent advances in metagenomics with deep sequencing
techniques have made it possible to analyse the genome of
microorganism without isolating the virus via cell culture. This is
done via high-throughput sequencing using random amplified DNA
product and comparison of sequences with available extensive
bank of sequences for the final identification of the detected agent.
This is possible because random primers can specifically amplify
the template for sequencing without having a prior knowledge of
the suspected agent [18-20]. This technique is readily advancing
in the aspect of pathogen discovery. It has been used forever to
discover viruses such as Lioviu virus [21], Schmallenberg virus [22]
and Bas —Congo virus [23]. In the cases of severely ill patients or
infectious diseases outbreak, it is important to identify the causative
agent of infection. As such this review is aimed at describing
some of the events in which viruses are isolated for identifying
the causative agent and recognition of emerging diseases, by
additional laboratory diagnosis assay such as Electron Microscope
(EM), serological and molecular techniques.

Inoculation of clinical specimens from a patient on to the culture
cells enables biological amplification of the virus to the level at which
it can be detected or viewed under EM and further confirmed by
other techniques such as serology, immunohistochemistry as well
as fluorescence antibody assays and molecular methods leading
to further characterization of the species and strain of the virus
[24-26]. Therefore, culture based system for viral isolation have
been the “gold standard” for the diagnosis of viral infections in
clinical virology and have served the laboratory well for decades
[27]. However, the use and relative importance of virus culture has
been on the decline due to development of rapid and accurate
molecular techniques [28-30]. Therefore, the aim of this review is
to critically summarize the views of researchers on the role of cell
culture technology in diagnosis of human diseases.

METHODOLOGY

Searches for peer-reviewed journal articles were conducted using
the University Putra Malaysia online subscribed databases in the
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area of Health Sciences and Medicine via databases such as;
Medline, SCOPUS and Google Scholar search engine. All searches
were limited to publication from 2000 to 2015 except were
necessary an older publication might be consider. All publications
were in English and duplicates were removed. The final articles
searched were those published till 315t May 2015. The online
database serch resulted in 2473 articles which were screened
base on the title and abstrcts relevance, exluding conference
abstract, comments and short communications retaining 260 for
full text review studies

Cell culture and electron microscopy in diagnosis
Electron Microscopy (EM) and cell culture isolation are instrumental
in finding the causative agent in an unusual clinical manifestation.
One of the studies reports the isolation of Bunya virus in patient
with history of tick bites [31]. Initially, there was a suspicion of
an Ehrlichiasp, therefore, leukocytes from the suspected patient
were inoculated into DH82 cell (canine monocytes cell line) and
it showed some cytological changes [Table/Fig-1]. The cells were
then processed for examination with EM after which a Bunya virus
was observed rather than the bacteria that was suspected. In cells
infected with Bunya virus, the virus particles are found as a bud
in vesicles and extracellular [Table/Fig-2]. The virus envelope is
spherical with some projection on the surface of the virus particles
and the virus has granular core.

Cell Culture and RT- PCR

Cell culture and real time reverse transcription polymerase
chain reaction (QRT-PCR) have been broadly used in clinical
settings for identifying influenza viruses [32,33]. Although, time
consuming and labor intensive and required high skill personnel
with specific laboratory equipment and condition, making it not
suitable for primary health care settings and low income countries.
Nevertheless, cell culture is still important in confirming causative
agent of infection in an outbreak. The currently reported H7 N9
cases of influenza infection were confirmed by cell culture and RT-
PCR [34].

[Table/Fig-1]: a) Visible virus induced cytopathic effect in DH82 cells 8 days post
infection with Bunya virus. The infected cells show visible granular particles and
differentiated into macrophages with elongated pseudopodia. b) Bunya virus grown
in vero cells, detected on immunofluorescenceassay [31].
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[Table/Fig-2]: a) Negative stain Bunya virus purified from infected Vero cells.

b) Transmission electron microscopy of virus infected cells (DH82) shown by black
arrows [31].
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Cell Culture - Metabolomics

Cell cultures metabolomics can be used for identifying biomarkers
of a pathological condition as well as metabolic path ways that
produce such biomarkers. Metabolites play an important role
in cancer diagnosis, recurrences and prognosis by identifying
novel cancer biomarkers. A slight change in metabolism can be
detected in products of cellular process leading to development of
prognostic models that will be useful for early detection of cancer.
Several studies examined the ability of human cancer cells to
secrete volatile organic compounds [35,36], some of which were
able to detect acetaldehyde release from lung cancer cell lines
CALU-1 and SK-MES [37,38].

Rapid Detection Cell Culture

With the existence of commercially produced, cultivated cell
lines which are used for rapid detection of a variety of viruses like
R-Mix (Diagnostic hybrid, Inc) which is a mixture of monolayers
of cells which are selected based on their capability of isolating
different viruses causing respiratory tract infection. R-Mix contains
tissue from the lungs (MV1LU) and A549 cells as fresh cells
readily for use, or frozen cell suspension that can be aliquoted
by the labouratory or as frozen monolayers in a shell vials ready
to use. R mixed has therefore been reported to offer a fast and
time sensitive technique of identifying viruses that are commonly
involved in causing respiratory infection with no specialized skills
required [39, 40].

Transgenic Cell Lines and Viral Detection

Transgenic technology in cell culture involves incorporation of
stable genomic materials into the cell so that once a particular
virus enters the cell, it triggeres, production of virus specific
enzymes that is easily measurable [41,42]. The genetic materials
can be of viral, bacterial or cellular origin and referred to as virus
inducible reporter gene segment [43,44]. In diagnostic laboratory
transgenic cells can only be useful if they have the desirable
promoter which is quite in cells that are infected but significantly
up regulated by means of viral trans-activator protein in a manner
that is specific, but not allowing heterologous viral transactivation
protein to stimulate the promoter. For a transgenic system to work,
the virus to be detected must be able to adhere to the cell wall and
prime its replication cycle without reaching the finishing point but
adequate to activate the gene through the promoter. This makes
the use of genetically improved cell line in improving growth of
viruses possible, thereby, facilitating the detection of cells infected
with viruses thus, providing the detection system that is specific,
sensitive and very simple to perform [45,46]. This technology
was applied successfully in identifying the polio virus via the use
of transforming cells susceptible Hela cells [47]. However, its
identification is by staining with monoclonal antibodies and it can
be detected within 16 to 24 hours inoculation [48,49]. Conversely,
a more rapid transgenic system capable of easily detecting HSV
within 24 was developed in such a way that it does not require
medical expertise or expensive monoclonal antibodies. It involves
the use of UL39 derived HSV promoter which codes for large ribo
nucleotide reeducates sub unit [50,51].

Expression of recombinant protein for detection of
influenza virus antibody

Recombinant protein technology is important in meeting the
demand for easy to use, fast and reliable test in diagnostic
laboratory and has been useful for serological survey of infection
[562]. Recombinant protein can be expressed and used for the
detection of influenza virus antibody. For instance, NSI gene was
purified and cloned successfully into a vector [pCR2.1 TOPO TA
cloning (3.9 kb], and then transformed into a competent cells
(TOPOIO F’ E .coli strain) spread on LB agar and incubated at
37°c over night. The positive colonies containing the NSI gene
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was screened using PCR. The results showed an expected band
of 690bp on agarose gel [Table/Fig- 3] [53]. It was sequenced and
confirmed to be in frame with the N-terminal, together with proper
orientation. The recombinant plasmids were then transformed into
the host cell strain B12 (DE3) pLysS for expression. Transformation
process was achieved using heat shock method. The expression
of the expressed protein was analysed by SDS-PAGE [Table/
Fig-4] which was further confirmed by western-blotting with the
expected 13 KDa protein being immunocreatives to by poly clonal
anti-NS antibody [Table/Fig-5] [54]. This confirmed that the antigen
could be used to detect specific antibodies against influenza
viruses using ELISA, which has a considerable advantage over
other techniques for detecting specific antibodies.

Issues arising from this review

Standardization
Unlike molecular techniques, cell culture results can considerably
differ, depending on collection, transport as well as handling of

131211109 8 7

[Table/Fig-3]: Result of successful positive recombinant colonies ligation. Lane 1:
DNA ladder 1kb; Lane 2-13: positive colonies with NS1; Lane 4, 7, 8 and 12: negative
colonies with no NS1 inserted [53].
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[Table/Fig-4]: SDS-PAGE profile of un-purified expressed NS1 (13KDa) protein and
un-induced plasmid. Lane 1: protein ladder; Lane 2 - 4: un-induced recombinant
plasmid at zero hour; Lane 5 and 6: un-purified recombinant NS1 (13KDa) protein
[54].
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[Table/Fig-5]: Result of western blot analysis of the purified proteins from E. coli
containing pRSET B/NS1. Lane 1: protein ladder; Lane 2 and 3: purified recombinant
NS1 protein [54].
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the specimens to maintain viral viability and healthy inoculated
cells [65]. Researchers argued for and against the importance
of cell culture in clinical laboratories. While some believed that
there will be situations that will warrant the use of tissue culture
in diagnostic virology laboratory, others think that it may be true
to some level but not at the point of care, therefore, changing
the significance of cell culture in diagnostics [56,57]. However, the
molecular quantitative assay is still highly variable as such required
standardization [58,59]. Viral isolation could be done when needed
for a definite purpose by selected local region as well as national
laboratories that have the required expertise and maintain cell
culture system [60].

Time Consuming

Cell culture is rapidly losing its place and its relative significance
in the diagnosis of human diseases in this era of wanting an
immediate and accurate clinical diagnostic needed for early and
effective intervention. On the other hand, molecular techniques
provide a timeless and accurate diagnostic method. Therefore,
molecular techniques are becoming the new “gold standard”
and rapidly displacing the traditional cell culture based, early
and accurate diagnostic methods that have significant impact on
patient care in limiting the extend of diseases via timely treatment,
thereby, reducing unnecessary hospitalization, antimicrobial use
and their associated cost [61].

Labour Intensive

Cell culture required expertises and trained technologists as well
as sophisticated equipments. It is, therefore, important to use the
available technology based on a particular situation which will
yield more useful result. With the use of transgenic technology
pathogen identification was found to be successful, however, they
are relatively labour intensive and required expertise. With the
development of rapid cell culture technique that uses fluorescence
staining, in which color change is used to identify pathogens, the
need for intensive labour was reduced because the technologist
don’t have to be skilled in maintaining CPE in cells [62]. Therefore,
laboratories should evaluate the required resources, facilities, level
of training and expertise required.

Sensitivity

It is clear from this review that some researchers are of the view
that cell culture is less sensitive than the molecular method like
PCR, with a large restriction in the spectrum of viruses. Thereby,
making cell culture less useful for the “non culturable“viruses,
limiting its sensitivity for its use in diagnosis [63-65]. On the other
hand some concerns over molecular methods like PCR are that of
false negatives due to PCR inhibitors and genetic diversity of the
viruses as well as false positive as a result of contamination latent
infection and viral co-infection. It is, therefore, important to use cell
culture in monitoring and evaluating the sensitivity and specificity
of molecular methods.

General Overview

The authors for and against the use of cell culture in the diagnosis
of human diseases did their research well and their results were
well presented except for the discussion of the results which show
clearly the myopic nature by which those against and for cell culture
look at it. Therefore, my criticism is based on the following points:
It is important to note that, the mere detection of pathogen using
molecular or next generation sequencing technique is just the first
step; there is a need to determine whether or not the identified
pathogen is associated with diseases that can only be achieved
via cell culture; It is clear from this review that there is no single
optimal approach for viral detection in all clinical circumstances. It
is, therefore, important to combine both, cell culture and molecular
techniques, in optimizing diagnosis of viral infection to achieve a
cost effective, labour saving and medically important viral testing.
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With the emergence and re-emergence of new strains of viruses
that are not detectable by the currently available molecular
methods, it is important to emphasize on cell culture as the gold
standard in disease discovery and causation.

CONCLUSION AND RECOMENDATIONS

In conclusion, cell culture is an indispensable tool in modern day
medicine and its applications are innumerable in diagnosis of human
infection. Cell culture methods are unbiased to some extent and
only limited by the ability of the virus to grow in a particular cell line.
However, this has been overcome with the advent of transgenic cell
culture technology. We therefore, recomend: Cell culture should be
used in monitoring specificity and sensitivity of rapid tests based
upon antigen assays annually and the clinicians should be notified
of the results; Cell culture should also be encourage for negative
rapid test result obtained from patient features infection during
high prevalence or outbreak as well as for positive result during
low prevalence: Cell culture can also be used in combination with
PCR serological test, histopathology and immune histochemistry
for diagnosis of unknown virus. They are also used in establishing
a rapid test for newly discovered pathogens.
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