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Case Report
A 6-month-old girl was admitted to the intensive care unit of a tertiary pediatric hospital for shortness of breath and respiratory distress for three 

days following one month of cough. A�er �ve days antibiotics therapy (amoxicillin sulbactam for three days followed by meropenem for two days), 
chest CT scan showed severe pneumonia with local consolidation. A�er �beroptic bronchoscopy and alveolar lavage, she was intubated for ventilation 
and transported by ambulance to our hospital because of persistent cyanosis. �e girl was gravida 2 para 2 and vaginal delivered spontaneously at full 
gestation age to a gravida 2 para 2 mother with Apgar score of 10 at �rst minute and birth weight 4000 g. Her non-consanguineous parents and elder 
brother were healthy. �ere was no family history of tuberculosis. She was vaccinated at birth for BCG and hepatitis B and no other vaccinations 
were given because of recurrent infections with oral herpes, bronchitis and pneumonia a�er one month old.

Physical examination revealed le� sub-axillary lymphadenitis (Figure 1) and bilateral pulmonary rales, no rash and no hepatosplenomegaly 
were observed and failure to thrive (6000g at admission). Peripheral blood routine test showed: white blood cell counts 9.7 × 109/L, lymphocytes 
di�erential 8%, hemoglobin and platelet were normal. C-reactive protein, procalcitonin, serum electrolytes, biochemical enzymes of organs, liver 
and renal function and coagulation function were normal. Chest radiographs showed bilateral in�ltration pneumonia. Abdominal sonography was 
normal. Super�cial sonography showed le� sub-axillary lymph node enlargement and liquefaction. High-throughput sequencing on Bronchoalveolar 
Lavage Fluid (BALF) identi�ed 697 sequences of Mycobacteruim tuberculosis complex and 95146 sequences of Pneumocystis jiroveci, respectively. 
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Introduction
Bioreactor is an apparatus containing biological materials which is used for growing organism (yeast, bacteria or animal cells) under controlled 

conditions ensuring the same temperature, pH and O2 levels. It is also used in the conversation of raw materials into beneficial by-products (e.g. 
corn into ethanol). The raw material can be of non-chemical or additive compound. The converted product may be Saccharomyces cerevisiae, 
acellular protein, bacterial cultures, forage or the metabolites involved in normal growth, organic acids, nutrients. A bioreactor is the unit of 
biological process which holds biologically active environment. In it, chemical reactions are carried out involving living organisms (aerobic or 
anaerobic) or biologically active substances produced from the organism. It can be used for the bio-transformation of the enzymes (amylase, lipase, 
cellulose etc.), medicines and recombinant proteins. A bioreactor commonly gives bio-mechanical and biotechnological environment that controls 
nutrient and O2 transfer to the cells and the metabolic products from the cells [1-3].

Bioreactors are mainly cylindrical and ranges in size from a liter to some cube meter. The dimension of the bioreactor can differ extensively 
from bacterium cell (few mm3) to shake flask (100-1000 ml) to lab scale fermenter (1-50 L) to pilot level (0.3-10 m3) to plant scale (2-500 m3) for 
huge manufacturing in the factories [4]. The bioreactor’s condition like gas (i.e. air, O2, N2, CO2) flow rates, temperature, pH and liquefied oxygen 
levels and agitation momentum rate, foam production etc. need to be intimately detected and managed [5]. It is a multiplex structure consisting of 
pipes, fittings, wires and sensors visible to functional complications. We can now find out if any mistake is going on during the process [6].

Types of Bioreactors
Majority of biological reaction systems can be categorized into 2 main groups: suspension systems and immobilization systems. Suspension 

systems include stirred tank bioreactors (STRs), bubble column bioreactor and airlift bioreactor whereas fluidized bed bioreactor, packed bed 
bioreactor and photo bioreactors are included in the immobilization system.

Continuous Stirred Tank Bioreactor (CSTR)

Stirred tank bioreactor is the conventional and vital bioreactor in the industrial applications because it has lower operational costs. The STR 
that works in a continuous operation with feeding and removal of mass and energy is defined as continuous stirred tank bioreactor (CSTR)[7]. It is 
consisting of a cylindrical shaped container with motor driven central shaft that bears one or more agitators (impellers) (Figure 1) [8]. There are two 
types of CSTRs used in the industrial process: Chemostat: needed for the cell culture into which all nutrients are mixed and the volume of liquid is 
kept constant by arranging the inlet and outlet flow rates same and Turbidostat: where the cell congregation is maintained constant ocular solidity 
of the culture and the fluid magnitude is kept sustained by arranging the outlet flow rate to the inlet flow rate [9]. It has various advantages like easy 
scale up, fine liquid adding and O2 transfer potentiality and alternative impellers.
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Bubble Column Bioreactor (BCR)

These are the simplest type of bioreactors which are extensively used in sensitive cell cultures such as filamentous fungus cells, mammalian 
cells and plant cells [10]. Commonly it comprises of a cylindrical shaped vessel with a gas distributor at the base which pushes gas bubbles into a 
fluid stage or a liquid-solid suspension (Figure 2) [11]. BCRs have the advantages like high durability of the catalyst, addition of online catalyst, 
withdrawal ability [12]. The design of BCR mainly follows three phenomena which are: heat, mass transfer and chemical kinetics [13]. These 
reactors are applied in the synthetic, chemical, petrochemical, biochemical and metallurgical industries for methanol synthesis, synthetic fuel 
production and hairy root culture of the plant cells [10, 14].

Air Lift Bioreactor (ARL)

It is nothing but the variation of BCR (Figure 3) [15]. There is a central tube which is responsible for efficient mixing and recirculation of 
fluid. There are two primary configurations in the air lift bioreactor as: external loop reactors and internal loop reactors. In the former, the fluid 
circulates through distinct channels whereas the circulation of fluid follows the central and peripheral channel in the later [16]. It can be used for 
free and immobilized cells and suitable for yeast, fungi, plant and animal cells. They are generally employed for aerobic bioprocessing technology. 
Sometimes these are also used in the production of methanol and acellular protein and in the waste water treatment method.

Packed Bed Bioreactors (PBRs)

The Packed bed bioreactors (PBRs) typically consist of a packed-bed of solid particles that supports the cells on or within carriers and a reservoir 
that is used to re-circulate the oxygenated nutrient medium through the bed (Figure 4) [15]. The solids used may be permeable or non-permeable 
gels, and they may be compressible or rigid in nature. A nutrient broth flows continuously over the immobilised biocatalyst.

A lot of authors presented the prospective of the use of PBRs as “artificial organs” [17] in biomedical applications.  A relatively popular example 
of such application is the bioartificial liver device (BAL) [18]. 

 

Figure 1: Schematic diagram of stirred-tank bioreactors (STRs) with different impellers.(a): Gate paddle bioreactor with a spiral sparger (b): Helical ribbon impeller bioreactor (c): 
Centrifugal impeller bioreactor. (1- Stirrer, 2- Gas in, 3- Head plate, 4- Shaft, 5- Measuring points for 6- Sparger, 7- Blade, 8- Draft tube, 9- DO probe, 10- Rotating pan [8].

 Figure 2: Bubble column reactor. (A): Front view and (B): Side view of a Bioreactor of Immersion by Bubbles;1-Air exhausting, 2- Screws, 3-Metallic perforated trays 4-Porous plate 
distribution, 5-Support brackets, 6- Air inlet [12].
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Fluidized Bed Reactor (FBR)

Fluidized bed reactors (FBRs) comprise packed bed with miniature magnitude particles [19]. The model of the FBR (expanded top and narrow 
reaction column) is in such a way that the solids are employed in the reactor while the liquid emanates (Figure 5) [20]. These bioreactors are suitable 
for carrying out reactions involving fluid suspended biocatalysts such as immobilized enzymes, immobilized cells, and microbial flocs.

Photo Bioreactors

These are mainly used in photosynthetic process which involves vegetable biomass growth or microalgae growth under controlled conditions 
[21]. These are the bioreactors exclusively used for the fermentation that can be carried out either by exposing to sunlight or artificial illumination 
(Figure 6) [21]. According to Ugwu et al, there are different types of photobioreactors: continuous run tubular loop, multiple parallel tube, helical 
wound tubular loop and flat plate configuration. 

Applications of Bioreactors in Biotechnological Process
Growth of cells and tissues

Bioreactors play a crucial role in the cell and tissue-based therapy used to develop red blood cells, chimeric antigen receptor (CAR) T cells, 
induced pluripotent stem cells, and mesenchymal stem cells. There are several kinds of bioreactors which are used in maintaining microenvironments 
to regulate cell growth, differentiation and development of tissue [22].  

Enzyme production 

Membrane bioreactors are used extensively in production of glucose from cellulose using enzyme recycling [23]. Erwinia chrysanthemi cells 

 Figure 3: Airlift reactor [15].

 Figure 4: Packed bed reactor [15].
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Figure 5: Fluidized bed reactor [20].

 

Figure 6: Types of photobioreactors: A- Continuous run tubular loop, B- Multiple parallel tube, C- Helical wound tubular loop, D- Flat panel configuration [21].

were used to produce bacterial enzymes in a membrane bioreactor coupled with a membrane filtration unit [24]. 

Biocatalysts

By using new membrane bioreactors, we can convert the biocon version of organic compounds by utilizing the application of biofilms of fungal 
and bacterial cells and their enzymes, including hydrolases, polyphenol oxidase, peroxidase and laccase [25].  

Aroma production

Flavor and aroma molecules (FAMs) are additives which increase the flavour of the food. Now using the multiphase bioreactor (partitioning 
bioreactors), the productivity of several bioprocesses can be improved due to their great potential [26]. 

Algal biomass production

A biofilm bioreactor has been developed which increases speed of microalgae production for the use of feed and biofuel. One of the advantages 
includes, the algae grown on a membrane should be easier to collect than in other systems [27].  

Recombinant protein production

Now-a-days bioreactors play a vital role in the large-scale production of recombinant protein using the yeast Yarrowia lipolytica in order to 
facilitate decision-making for future strain and process engineering [28].

Conclusion
Bioreactors play a crucial role in biotechnological processes which interlinks between the raw materials and final products. Bioreactors have 

been used for decades to manufacture a range of therapeutic biomolecules and other high-value products. Typically, they are used in the culture 
of vegetable, algal, microbial and mammalian cells in obtaining product of interest. They provide a way to monitor and control environmental 
conditions continuously throughout the culture/reaction period along with the added benefit of maintaining a closed system. They are critical and 
integral part of the development of many new biotechnological processes. 
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