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Mutations in the genetic material of viruses 
are common and well known. They can be the rea-
son why vaccines developed against a certain vi-
rus strain might not be effective against a mutated 
strain. Mutations can affect protein properties – e.g. 
sequences, protein folding, protein stability –  func-
tionally and structurally important properties of the 
virus. One should assume that this situation is also 
true for  the  novel coronavirus SARS-CoV-2.

One aspect should be considered: attachment 
of this virus to a human cell – according to pub-
lished findings – is brought about by the binding 
of a virus  protein located at the tip of a „spike“ (a 
glycoprotein called Protein S), to „receptors“ ex-
posed on the membrane of human cells (Li et al., 
2005). The receptor, called ACE 2, is an enzyme 
involved, besides other functions, in the regulation 
of blood pressure; it is a transmembrane protein. 
This is a misuse of a protein on the surface of the 
human cell by a virus,  whereby the virus is enabled 
to penetrate   the epithelial cells of the airway and 
the parenchymal cells of the lung – the precondition 
for virus multiplication and  infection with its disas-
trous consequences (Deutsche Apotheker Zeitung, 
2020).

Recently, it has become evident that protein 

S, together with few other proteins of the virus, 
may become  one of the key factors in  coronavirus 
research, especially regarding therapy and develop-
ment of vaccines. One remarkable example is the 
work of Dr. Josef  Penninger and his group, Univer-
sity of British Columbia, Vancouver (Penninger et 
al., 2020). His approach is to use soluble ACE 2, in-
tended to block protein S by „covering“ the binding 
motif of this protein that is responsible for binding  
the virus stalks to membrane-integrated ACE 2 of 
the human cell. It has been reported that tests of 
this kind of therapy, undertaken in China, are  un-
derway (Deutsche Apotheker Zeitung, 2020). This 
approach is not  development of a vaccine. Specific 
antibodies are not involved besides those that are 
developed in the infected human cells of sick peo-
ple according to known mechanisms used by the 
human cells against „foreign“ invaders.

Another remarkable approach (Hoffmann et 
al., 2020) has been described only recently. Protein 
S can only bind to ACE 2 when the protein S at the 
virus spike is activated. This happens by a serine 
protease located in the human cell during contact of 
protein S with ACE 2. This protease can be inacti-
vated by a clinically-proven protease inhibitor. This 
drug is available. Respective tests are  underway 

* Corresponding author: fmayer12@gmx.de

Review

COVID-19: Proposals for Therapy of Infection and Immunization against 
SARS-CoV-2 Virus

Frank Mayer*

Retired from Georg-August-University Goettingen, Institue of Microbiology and Genetics,  Goettingen, 
Germany

Abstract
Therapy and development of vaccines in the context of the  novel coronavirus (COVID-19) are of 

major interest. This communication describes examples (Date: 15.04.2020).
Keywords: COVID-19; SARS CoV-2; protein S; ACE 2; binding; kinds of therapy; tests; proposal for 
vaccine
Резюме

Терапията и разработването на ваксини в контекста на новия коронавирус (COVID-19) пред-
ставляват голям интерес. Това съобщение описва примери (Дата: 15.04.2020 г.)
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(Deutsche Apotheker Zeitung, 2020).
This approach is not vaccine development ei-

ther, but might be used for therapy. 
The present communication describes an ap-

proach that may play an important role both for 
therapy and for the development of a vaccine. Also 
in this case, the interaction of a domain/a motif of 
protein S with ACE 2 is the basis. The approach 
uses the potential of the human cells to identify 
„foreign“ proteins and develop antibodies against 
them.

Few preconditions: ACE 2 does not undergo 
mutations; the structural organization of the do-
main/the motif of protein S in the virus stalk is not 
altered by mutation. If mutated, there would not be  
proper fit to ACE 2.

Proposal for the design: a (poly-) peptide 
simulating the exposed motif of protein S located 
at the tip of the spike has to be developed (in fact, 
such a construct is already commercially available 
from JPT Innovative Peptide Solutions in minor 
quantities) and injected as a kind of vaccine (also in 
the case of Dr. Penninger´s approach a polypeptide 
has to be synthesized: the soluble ACE 2). It can 
be assumed that this (poly-) peptide is identified by 
the human body as „foreign“, and that the human  
body develops antibodies against it. After this has 
happened, it can be expected that the tips of the 
spikes of incomimg coronaviruses are „identified“ 
by the antibodies. The amount of antibodies should 
be sufficient to reach the majority of all spikes. The 
antibodies are intended to prevent the spikes from 
binding to ACE 2.

It might happen that a part of these (poly-) 
peptides bind to the membrane-integrated ACE 2 
during the time period where the human cells de-
velop the antibodies. The balancing-out of the nu-
merical ratio of ACE 2 integrated into the mem-
brane of the human cell and the simulating (poly-) 
peptide would be a matter of tests. If the balance 
is shifted towards a surplus of (poly-) peptide, the 
efficiency of the development of antibodies could 
be higher; the chance of spikes of the virus to find 
a cell-bound ACE 2 would be reduced:  the respec-
tive site on the ACE 2 would already be occupied 
due to the surplus of the (poly-) peptide.

Conclusion
A comparison of Dr. Penninger´s approach 

with the approach described here shows  significant 
differences: a kind of vaccine described here initiates 
synthesis of respective antibodies directed against 
protein S as discussed above. The tip of the stalks, 
i.e. protein S, is not expected to  mutate as long as 
ACE 2 is not mutated. Both kinds of protein can 
be assumed to be constant. Therefore, it can be de-
duced that the (poly-) peptides used in the described 
approach should also be valid for mutant strains of 
SARS-CoV-2. This situation would mean that such a 
kind of vaccine could be used right away.

Another difference might be even more impor-
tant. The approach described here would give rise 
to  immunization of healthy people. Application of 
Dr. Penninger´s approach would be restricted to the 
treatment of infected people (a therapy). Immuniza-
tion would not be supported; the only immunization 
would come from antibodies developed by sick hu-
man bodies brought about by the contact with fully 
active SARS-CoV-2 identified as „foreign“.
Appendix:

Antibodies are produced in the human body 
by specific kinds of cells after contact with „for-
eign“  „antigens“, e.g. proteins. These specific cells 
are B lymphocytes or plasma cells. In the context 
of the present article, these foreign  antigens are 
SARS-CoV-2 viruses or components of them, e.g. 
protein S or (poly-)peptides simulating the domain/
motif of protein S that can bind to the „receptor“ of 
the human cell.
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Introduction
Orthopaedic infections are considered to be 

a serious condition. They are associated with pro-
longed morbidity  and disability and can induce pa-
tients’ death if left untreated (Colston and Atkins, 
2018). In most of the cases these types of infec-
tions are acquired in the operating field, following 
arthroscopy, or as complications after bone surgery 

(Zekry et al., 2019). Statistics have shown that up 
to 20% of the patients who did undergo intra-ab-
dominal procedures developed bone infections as 
post-operative complications and up to 2-5% of 
such complications occurred in patients after ex-
tra-abdominal operations. Many etiological factors 
are associated with the development of post-surgi-
cal infections in orthopaedics, mainly bacteria, with 
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Microbiological Aspects of Joint and Bone Infections
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4 Department of Special Surgery, Faculty of Medicine, Medical University, Plovdiv 
5 Clinic of Surgery, University Hospital “St. George”, Plovdiv

Abstract
Bone and joint infections can be critical and life-threatening conditions due to the numerous compli-

cations they can elicit and provoke in the human organism. Orthopaedic infection can be either acquired 
during or after a normal surgical procedure, or a complication triggered by previous operations. The aim 
of this study was to investigate the microbiological aspects of joints and bone infections, the diagnos-
tic methods for their detection and the way of treating. There are numerous etiological agents that cause 
post-surgical infections in orthopaedics, mainly bacteria, with the predominant role of Staphylococcus 
aureus. Infections may occur in both natural and artificial joints. However, people with artificial joints are 
more susceptible to such type of infection. Microbiological investigations are needed to confirm the final 
diagnosis. Early appropriate choice of parenteral antimicrobial agents may reduce the risk of complications, 
especially in comorbid patients.
Keywords: orthopaedic infections, microbiology, diagnostics 
Резюме

Костните и ставни инфекции могат да бъдат критични и животозастрашаващи състояния по-
ради многобройните усложнения, които могат да изострят и провокират в човешкия организъм. 
Този тип инфекции могат да възникнат по време или след обикновена хирургична процедура, както 
и да бъдат отключени вследствие на предишни оперативни намеси. Целта на настоящото проучва-
не бе да се проучат микробиологичните аспекти на ставните и костни инфекции, диагностичните 
методи за детекцията им, както и възможните терапевтични опции. Голям брой микроорганизми се 
асоциират с пост-хирургични инфекции в ортопедията като това са основно бактерии с предомини-
ращ представител Staphylococcus aureus. Засягат се, както естествените, така и изкуствените ставни 
повърхности, като пациентите с изкуствени стави са по-предразположени към инфекции. Микро-
биологичното изследване е необходимо за потвърждаване на окончателната диагноза. Навременно 
адекватно парентерално антимикробно лечение може да намали риска от усложнения особено при 
коморбидни пациенти.
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the predominant role of Staphylococcus aureus and 
less commonly viruses, fungi and anaerobic bacte-
ria ( Mathew and Ravindran, 2014; ter Boo et al., 
2015; Combs and Cox, 2018). All patients can be 
affected, especially patients with comorbidities and 
children, due to the low activity of their immune 
systems (Colston and Atkins, 2018). The most 
common types are osteomyelitis, prosthetic joint 
infection, and arthritis. These infections can cause 
several complications, including delayed vascular 
malformations, sepsis, multiple organ dysfunction 
syndrome (MODS) and even bone necrosis (Ze-
kry et al., 2019). The clinical presentation includes 
pain, fever and swelling. The diagnosis is based 
on the clinical symptoms and the microbiological 
investigation results. The antimicrobial therapy is 
concerted according to patients’ age, the presence 
of any concomitant diseases, the severity and stage 
of the infection (Kaplan, 2014).
Microbiological aspects of septic arthritis 

Septic arthritis, or infectious arthritis, is a 
pyogenic infection, usually considered to be one 
of the main serious and challenging infections in 
orthopaedics and highly associated with increased 
rate of mortality. Other terms used to describe this 
type of infection are: suppurative arthritis, purulent 

arthritis, pyoarthritis, and ”Tom Smith arthritis” in 
infants (Nade, 1977). Septic arthritis is a joint infec-
tion, acquired mainly after surgery of the musculo-
skeletal system (Shirtliff and LeFrock, 2003). The 
disease may affect all ages and all types of bones 
and joints. Infections can occur in both natural and 
artificial joints. People with artificial joints are at 
higher risk than the general population. The persis-
tence of infection remains a very common cause of 
failure of shoulder, hip and knee arthroplasty (Col-
ston and Atkins, 2018). Diagnosis of septic arthritis 
usually encompasses the clinical presentation, the 
symptoms reported by the patients such as joint 
pain, fever, lack of motility, and the microbiologi-
cal investigations used to establish the final diagno-
sis. Early antibiotic treatment should be prescribed 
immediately. Timely therapy reduces the chance of 
the infection  progressing to an irreversible stage. 
Patients who fail to achieve full recovery with anti-
microbial therapy only require subsequent surgical 
procedures (Colston and Atkins, 2018).
Aetiology

Septic arthritis is a polyetiological infection. 
The variety of etiological agents involved in infec-
tious arthritis are listed in Table 1. 

Type of arthritis Causative agent Source of infection

Bacterial septic arthritis

S. aureus Trauma, skin infection, ear infection
Βeta-haemolytic streptococci Bacteraemia 
Escherichia coli Gastro-intestinal infection and urinary tract infection

Neisseria gonorrhoeae Sexually transmitted in adults, through placenta in 
neonates

Haemophilus influenzae Direct invasion
Propionibacterium acnes Shoulder arthroplasty, post traumatic surgery
Salmonella species Direct invasion in children
Shigella species Enteric infection
Brucella species Infected animals
Chlamydia species Sexually transmitted infection
Yersinia species Lined with HLA-B2 antigen, Reiter’s syndrome

Viral septic arthritis 

Hepatitis B virus

Viraemia
Rubella virus
Parvoviruses
Alphaviruses
Mumps virus 

Mycotic septic arthritis 
Candida albicans 

Haematogenous disseminationSporothrix schchencii
Coccidioides immitis

Table 1. Types of septic arthritis according to the causative agent and source of infection
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These pathogens have the ability to invade 
any joint cavity and to provoke various symptomatic 
clinical presentations (DiStefano and Pinney, 2010; 
Kaplan, 2014). As regards the causative agent, sep-
tic arthritis is mainly classified into three groups: 
bacterial, viral and fungal septic arthritis (Mathew 
and Ravindran, 2014). S. aureus is considered to 
be the main microbial factor in bacterial septic ar-
thritis. The source of S. aureus could be either skin 
infection, ear- or meningeal infection. Other agents 
include: beta-haemolytic streptococci, especially in 
diabetic patients and patients with ulcers, Salmonel-
la in children, N. gonorrhoeae in neonates and in 
young sexually active adults, Brucella species in pa-
tients  exposed to infected animals or milk products, 
and Mycobacterium tuberculosis in patients with 
lung diseases (Gaston and Lillicrap, 2003; Mathew 
and Ravindran, 2014). Gram negative bacteria as E. 
coli are also associated with this type of infection 
(Lin et al., 2017). Less commonly, anaerobic micro-
organisms have been identified as a cause in the de-
velopment of this type of arthritis, namely P. acnes, 
which colonizes the sebaceous follicles in the skin 
of the upper body (Kadler et al.,2015). Viruses, such 
as Hepatitis B, Epstein-Bar, Alpha- and Parvovirus-
es, are able to affect all joints by the deposition of 
immune complexes on the bone articulations (Marks 
and Marks, 2016). As etiological agents of mycotic 
arthritis, S. schencii, C. immitis and C. albicans  are 
usually listed (Kemper and Deresinski, 2014).
Risk factors

Septic arthritis affects all ages. Elderly pa-
tients and children are more predisposed. However, 
age is not considered to be the only risk factor that 
plays a major role in the evolution of the disease. 
Many other risk factors have been highly linked with 
the invasion, spread and expansion of the infection 
such as: immunodeficiency or immune disorders 
(patients with HIV, autoimmune diseases, etc.), drug 
abusers, previous surgical procedures, patients with 
catheters, presence of concomitant diseases (such 
as diabetes mellitus), overuse of intra-articular cor-
ticosteroids, traumas (ter Boo et al., 2015; Combs 
and Cox, 2018). Additionally, social factors, such as 
low social economic status and poor hygiene play a 
significant role in the aetiology of septic arthritis ( 
Smith et al., 2006; Colston and Atkins, 2018). 
Pathogenesis

The disease occurs mainly through  direct 
inoculation of the microbial agent into the blood 
stream (Mathew and Ravindran, 2014). Different 
types of arthritis have different routes of infection. 

In bacterial septic arthritis, the routes of infection 
include haematogenous spread from a focus else-
where in the body, such as meningitis or cellulitis, 
or from neighbouring soft tissue infections; direct 
penetration due to traumas after surgery or joint 
puncture, insertion of instrumental catheters used in 
urology and cardiology, prolonged tourniquet time. 
Immune-mediated mechanisms are also involved - 
patients with HLA-B27 antigen are predisposed to 
Salmonella arthritis (Gaston and Lillicrap, 2003). 
Viral and fungal arthritis are usually due to haemat-
ogenous dissemination (Smith et al., 2006).
Diagnosis

Early diagnosis of arthritis is the key to suc-
cessful treatment and  faster recovery. The diagnosis 
is based on the patient’s history, the clinical exami-
nation and the microbiological investigations. Clin-
ical symptoms usually present as pain, swelling, 
loss of motion, and fever (Mathew and Ravindran, 
2014; Moro-Lago et al., 2017). Microbiological in-
vestigations include cultural and non-cultural tech-
niques. Examination of synovial cultures are useful, 
especially in the diagnosis of anaerobic arthritis. In-
creased number of polymorphonuclear leukocytes, 
changed levels of protein and glucose are usually 
detected. Tissue culturing is more sensitive than 
synovial culture in detecting fungal infections. Mi-
croscopic examination could reveal tuberculosis 
granuloma related to arthritic infection. Prosthetic 
component investigation is necessary (Smith et al., 
2006). The non-cultural techniques involve com-
mon blood tests, immune essays, nucleic acid am-
plification test, confocal and electron microscopy. 
Common blood tests usually reveal increased level 
of inflammatory biomarkers (CRP and ESR), neu-
trophilia and leucocytosis. High levels of specific 
IgM and IgG are found in Salmonella-associated ar-
thritic infection (Gaston and Lillicrap, 2003). HLA 
typing is an option for these patients. ELISA tests 
detect increased levels of IFN-γ in patients with C. 
albicans arthritis. PCR of biological specimen is 
the most precise method for detection of microbial 
pathogens. Imaging methods (MRI, CT scan, ultra-
sound) are used to confirm septic joint infection by 
the presence of effusion and tissue changes (Nade, 
1977; Mathew and Ravindran, 2014).
Antibiotic treatment

Antimicrobial treatment in orthopaedic in-
fections should be provided as soon as the final 
diagnosis is made to lower the rate of early com-
plications, to protect the implanted joints and as a 
prevention of bacteraemia. There is controversy in 
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the literature regarding the choice of antibiotics and 
the duration of prophylaxis. The treatment depends 
mainly on the causative agent, the age of the pa-
tient, the presence of any risk factors and the stage 
of the infection. The administration of antibiotics 
in septic arthritis is mainly through the intravenous 
route. Vancomycin has shown high efficacy against 
Gram positive bacteria such as staphylococci, in-
cluding MRSA (Methicillin resistant S. aureus) and 
streptococci (ter Boo et al., 2015). In neonates, Ce-
fotaxime and Benzylpenicillin are given as empiric 
therapy. In infants from 6 months to 2 years Ceftri-
axone is the drug of choice and in patients above 
2 years Cloxacillin is administrated. In case of S. 
aureus infection, cefotaxime is usually applied. 
In children aged 3 years and above, 3rd generation 
cephalosporin is the drug of choice. The treatment 
period varies between 10 and 14 days (Buxton and 
Moran, 2003; ter Boo et al., 2015). Some special-
ists recommend corticosteroids as  adjuvant  thera-
py with antibiotics, especially in children with sep-
tic arthritis, since it has shown to shorten the days 
spent in hospitals (Qin et al., 2018). In adults, the 
primary therapy is 3rd generation cephalosporins. 
They can be used alone or in combination with Oxa-
cillin or Vancomycin (Frank and Tacconelli, 2012). 
In patients with MRSA infections, Vancomycin is 
considered to be the antibiotic of choice, Linezolid 
can be also effective as well as Teicoplanin alone 
or in combination with Ciprofloxacin (Schildgen, 
2018). In patients infected with sensitive S. aureus, 
Cefuroxime, a 2nd generation of cephalosporin, is 
administrated ( Iqbal et al., 2017; Combs and Cox, 
2018). Rifampicin is the drug of choice in myco-
bacterial, while Clindamycin in anaerobic arthri-
tis. Antifungal therapy, such as Amphotericin B 
or Itraconazole, are administrated in fungal septic 
arthritis. Other options include Ketoconazole and 
Fluconazole. Surgical debridement along with an-
tifungal antibiotics is highly recommended due to 
the fact that it helps in the faster eradication of the 
infection (Smith et al., 2006). In gonococcal infec-
tion, Penicillin G is the first-line therapy, third-line 
generation of cephalosporin, such as Ceftriaxone or 
Ceftizoxime can be also administrated (Molyneux 
et al., 1998). For deep P. acnes infections, Vanco-
mycin and Clindamycin are the first-linetherpy, 
however 1st generation cephalosporin and penicil-
lins can be effective, too. The prophylaxis in adults 
should proceed up to the 3rd week, while in patients 
with infections due to prosthetic materials it should 
continue until the 6th week. Surgical procedure as 
arthrotomy should be taken under consideration if 

the treatment with antibiotics is inefficient (Shirtliff 
and LeFrock, 2003; Buxton and Moran, 2003; 
Schildgen, 2018). 
Microbiological aspects of osteomyelitis

Osteomyelitis, according to Waldvogel clas-
sification, is an acute or chronic bone infection 
with/or without bone marrow involvement. This 
type of disease is more common in children than 
in adults, although some patients over the age of 
40 are more susceptible to infection. Osteomyeli-
tis is considered to be a polymicrobial infection. 
Several microorganisms are associated, including 
S. aureus, group A streptococci, H. influenzae (Sia 
and Berbari, 2006; Lima et al., 2014). Unhealed 
fractures are considered a risk factor. The infec-
tion develops after haematogenous dissemination 
or direct inoculation of the pathogen into the blood 
stream. Osteomyelitis usually presents with gener-
al and nonspecific clinical symptoms, such as pain, 
fever, swelling and tenderness. However, the clini-
cal presentation is not always sufficient for a defin-
itive diagnosis. Microbiological investigations sup-
ported by imaging methods are required. Imaging 
methods alone are not preferred for early diagnosis, 
as no changes can be detected into the bone tissue. 
Treatment includes antimicrobial therapy followed 
by surgery when antibiotic therapy fails to achieve 
complete healing. Delay of treatment could lead to 
malignant transformation (ter Boo et al., 2015).
Aetiology

Osteomyelitis is caused by several pathogens 
from different groups of bacteria, fungi and virus-
es. The most common bacterial microorganism is S. 
aureus, which affects all ages. Other bacterial path-
ogens associated with osteomyelitis include: E. coli 
and other Gram negative rods, group A and B strep-
tococci, N. gonorrhoeae. In newborns, less than 4 
months old, the most common causative agents of 
osteomyelitis are: S. aureus, group A and B strep-
tococci. In patients from 4 months up to 4 years S. 
aureus, H. infleunzae and Enterobacter species are 
reported (Offiah, 2006). In adult patients, S. aureus 
and occasionally Salmonella serotypes are found 
additionally to N. gonorrhoeae in sexually active 
adults. Patients with sickle cell anaemia are more 
susceptible to osteomyelitis caused by Salmonella. 
C. albicans and Hepatitis B virus are the most com-
mon causative agents of fungal and viral osteomy-
elitis, respectively (Colston and Atkins, 2018; Lima 
et al., 2014; Sia and Berbari, 2006). The causative 
agents of osteomyelitis by age are summarized in 
Table 2.
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Risk factors
The disease can occur as a complication of 

previous operations and traumatic injuries, or af-
ter a joint transplantation. Immunocompromised 
patients, drug abusers, prolonged treatment with 
corticosteroids, presence of malignancies and poor 
hygiene can be added to the list of risk factors (Col-
ston and Atkins, 2018).
Pathogenesis

Osteomyelitis is an infection caused by haema-
togenous spread of the microorganism. Long bones 
are mainly affected as well as the vertebra. The pro-
gression of the infection will lead to bone destruc-
tion, in parallel to sequestration (necrosis) of bone 
fragments (Sia and Berbari, 2006). In the advanced 
stages, subperiosteal abscesses are formed. Trueta’s 
osteomyelitis hypothesis explains the pathogenesis 
as a haematogenous infection that starts along the 
metaphysis of the long bones  and spreads to reach 
the cortex, causing  lifting of the periosteum due to 
subperiosteal abscess (Weenders et al., 2015).
Diagnosis

Patients with osteomyelitis usually report 
variable symptoms, such as pain, sweating, lack 
of motility, weight loss and significant increase in 
body temperature (>38°C). These symptoms could 
be sufficient for the physician to make the diagno-
sis and start early treatment with antibiotics. Mi-
crobiological investigations can support the final 
diagnosis (Lima et al., 2014). Blood tests reveal 
increased levels of biomarkers (ESR and CRP) and 
leukocytes count. The synovial fluid examination 
indicates a high level of polymorphonuclear cells 
(Rosenberg and Khurana, 2016). Bone tissue sam-
ples could be sent for PCR analysis for rapid de-
tection of the pathogen. Imaging methods, includ-
ing ultrasound, show subperiosteal collection and 
sometimes joint effusion. However, these findings 
can be detected after the 3rd - 5th day of the infection 
(Hatzenbuehler and Pulling, 2011).
Antibiotic treatment

Treatment of osteomyelitis depends on the 
age of the patient, the microbial factor and the time 
of onset of the infection (acute or chronic). In most 

of the cases, the drugs are administered intravenous-
ly. In both adults and children, the empiric therapy 
starts with cephalosporin 3rd generation combined 
with Oxacillin (Lima et al., 2014). Alternative drug 
therapy in adults is Vancomycin along with Cipro-
floxacin, and in children and infants, Oxacillin or 
Vancomycin together with aminoglycoside. Treat-
ment in patients with MRSA consists of Vancomy-
cin or Teicoplanin. Linezolid and Daptomycin can 
also be used (Frank and Tacconelli, 2012; Iqbal et 
al., 2017). The treatment of choice in anaerobic in-
fections is Clindamycin. Alternative treatment of 
Metronidazole is administered every 8 hours in pa-
tients with Gram negative anaerobic infections. For 
enteric bacteria, quinolones are the drug of choice. 
In P. aeruginosa infections Ampicillin/sulbactam 
and Piperacillin/tazobactam are used. Other regi-
mens include Imipinem and Meropenem for 4 to 
6 weeks (Schildgen, 2018; Sia and Berbari, 2006). 
However, the antimicrobial treatment of osteomy-
elitis differs after a joint implantation surgery. Pen-
icillin G intravenously or Ceftriaxone are provided 
for a period of 4 weeks followed by Amoxicillin 
in case of Streptococcus spp. infection. Intravenous 
Clindamycin is applied for 4 weeks in anaerobic 
infection then Clindamycin and Ciprofloxacin per 
os. The duration of therapy is at least 3 months in 
internal hip fixations and hip joint prosthesis, and 
up to 6 months in knee implants. Intravenous ad-
ministration of antibiotics can be switched to oral 
therapy after stabilization of CRP level and normal-
ization of leukocyte counts (Frank and Tacconelli, 
2012). In diabetic patients and patients with vascu-
lar disorders oral treatment is contraindicated. Sur-
gical management includes draining of abscess and 
removal of the necrotic tissues (Lima et al., 2014).
Microbiological aspects of prosthetic joint 
infection

Prosthetic joint infection (PJI) is a compli-
cation acquired mainly after a joint arthroplasty 
of shoulder, knee or elbow joints (Vaishya et al., 
2019). Gram positive bacteria, along with Gram 
negative and anaerobes, are considered to be the 
most common etiological factors, with the predom-
inant role of P. acnes, especially after  surgery in the 

Table 2. Causative agents of osteomyelitis according to the age group
Age group affected by osteomyelitis Most common aetiological pathogens

Newborns (<4 months) S. aureus, Enterobacter spp., group A and B Streptococcus 
Children (4 months - 4 years) S. aureus, group A streptococcus, H. influenzae, Enterobacter spp.
Children, adolescents (4 years - adult) S. aureus (80%), group A Streptococcus, H. influenzae, Enterobacter spp.
Adult S. aureus, occasionally Enterobacter or Streptococcus
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upper part of the body (Kadler et al., 2015; Shah et 
al., 2015). The route of infection in PJI is through 
direct inoculation of the pathogen into the blood 
stream or via haematogenous spread. The forma-
tion of biofilm helps the microorganism to become 
more resilient. Diagnosis requires data collection 
from clinical symptoms, results from microbio-
logical investigations along with imaging methods. 
The treatment in PJI includes antibiotics, together 
with surgical management (Tande and Patel, 2014; 
Vaishya et al., 2019).
Aetiology

The microbial agent highly correlates with the 
post-operative period of the patient after on-going 
surgery. In the early period, 3 months after the sur-
gery, S. aureus, beta-haemolytic streptococci and 
enterococci were found to be strongly associated 
with the infection. At a later period, 3 to 24 months 
after the surgery, P. acnes was found to be the lead-
ing factor of PJI, and in the late period after the 
surgery Gram negative rods, originating from infec-
tious focus elsewhere, such as respiratory and uri-
nary tract infection, are usually detected (Tande and 
Patel, 2014; Shah et al., 2015; Vaishya et al., 2019).
Risk factors

Age plays a major role in the induction of PJI. 
Elderly patients are more predisposed to the infec-
tion. Male gender, increased androgens levels, dia-
betes mellitus, ulcers, traumas, open wounds, pre-
vious surgical procedures, urinary tract infection, 
enteritis, prolonged term of corticosteroid abuse, 
drugs and bacteraemia are also in the category of 
risk factors for PIJ (Tande and Patel, 2014).
Pathogenesis

PJI is caused mainly by direct contamination 
of the surgical site by the pathogenic organism. 
Other routes of infection include direct inocula-
tion from infection elsewhere. In PJI, microorgan-
isms usually form a biofilm, which adheres to the 
prosthesis, causing alteration in the host defensive 
mechanism. As a consequence, the microbial agent 
tends to be more resistant to antibiotics and  surgical 
removal of the biofilms will be required (Tande and 
Patel, 2014; Shah et al., 2015; Vaishya et al., 2019).
Diagnosis

The diagnosis of PJI includes the clinical 
symptoms and the complaints reported by the pa-
tient, supported by the results from microbiological 
investigation and imaging methods. The clinical 
presentation includes general symptoms of pain, 
fever and motion weakness. However, the clinical 

picture remains general and unspecific. To confirm 
the final diagnosis, microbiological investigations 
are required. Blood samples reveal  increased lev-
els of inflammatory biomarkers (CRP, ESR) and 
white blood cells (Vaishya et al., 2019). Swab cul-
tures from wound drainage help in the diagnosis 
of deep bacterial infection, as well as prosthetic 
components (Larsen et al., 2012). High levels of 
cytokines including IL-6 can be detected using syn-
ovial fluid culture.  Alpha-defensin is considered to 
be an important biomarker in prosthetic joint infec-
tion (Larsen et al., 2012; Perry and Hanssen, 2017; 
Vaishya et al., 2019).
Antibiotic treatment

The treatment of PJI includes intravenous an-
tibiotics. In case of biofilm formation, the treatment 
starts with disruption and removal of the biofilm 
by surgical debridement. The surgical debridement 
alone cannot achieve a total healing process. Ceph-
alosporins 1st generation and penicillins are the 
drugs of choice. Rifampicin combined with Dap-
tomycin is highly associated with higher cure rate. 
In the case of P. acnes PJI, primary treatment starts 
with Penicillin or Ceftriaxone. Vancomycin and 
Clindamycin are alternative first line drugs (Frank 
and Tacconelli, 2012; Tande and Patel, 2014; Schil-
dgen, 2018).
Discussion

Many etiological factors are considered to 
be causative agents for these types of infection. S. 
aureus is the most commonly reported agent, espe-
cially in children (64.3%) ( Sia and Berbari, 2006; 
Brankov et al., 2007; Colston and Atkins, 2018). 

In 2007, a team of the University Hospital 
“N. I. Pirogov”, Sofia, Bulgaria, reported a study of 
49 children with haematogenic osteomyelitis. Only 
in 14 of the cases microbiological aethiology was 
proved. The leading causative agent was S. aureus, 
followed by S. pyogenes, Proteus spp. and Pyocia-
neus spp. (Brankov et al., 2007).

In the largest Bulgarian university hospital – 
“Saint George”, Plovdiv, S. aureus is also the lead-
ing causative agent in orthopaedic infections, fol-
lowed by Acinetobacter spp  and members of order 
Enterobacterales, such as E. coli and Enterobacter 
spp. Gram negative bacteria are reported to be more 
involved in causing post-surgical orthopaedic in-
fection in comparison with Gram positive and other 
infectious agents (Table 3), (Murdjeva et al., 2018). 
For the period January 2017 - August 2018, the 
relative part of Gram negative bacteria associated 
with post-surgical orthopaedic infections is 63.1%.
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Table 3. Aetiology of post-surgical infections in 
orthopaedic patients from University hospital “St.
George” - Plovdiv

Microorganism

Number of 
isolates for the 

period  
Jan 2017- 
Aug 2018

S. aureus 49 (26%)
CNS 10 (5%)
Acinetobacter spp. 31(16%)
P. aeruginosa 17 (9%)
Stenotrophomonas maltophilia 1 (0.5%)
E. coli 24 (13%)
Enterobacter spp. 26 (14%)
Proteus spp., Morganella spp. 11 (6%)
Klebsiella spp. 6 (3%)
Serratia marcescens, Citrobacter spp. 3 (1.6%)
Enterococcus spp. 7 (3.7%)
Streptococcus spp. 3 (1.6%)
Corynebacterium striatum 1 (0.5%)
Total number of isolates 189

Although very little information on osteomy-
elitis caused by Gram negative bacteria is availa-
ble in the medical literature, a Brazilian study pub-
lished in 2012 reported 101 cases of osteomyelitis 
caused by 121 bacteria belonging to this group. The 
samples were collected in the period January 2007 
- January 2009. Of all the isolates, 25% were En-
terobacter spp., 21% - A. baumanni, and 20% - P. 
aeruginosa (De Carvalho et al., 2012). 

A British study published in 2013 reported 
seventy-nine patients with haematogenous ver-
tebral osteomyelitis (HVO). Of them, 10 patients 
(12.66%) had Gram negative bacteria isolated. 
These microorganisms included E. coli (4 isolates), 
P. aeruginosa (3 isolates), K. pneumoniae (1 iso-
late), H. Influenzae (1 isolate) and E. cloacae (1 iso-
late) (Graham et al., 2013).

The treatment of Gram negative orthopaedic 
infections is often a challenging task because of 
unpredictable resistance patterns and limited pub-
lished data on effective antimicrobial regimens.
Conclusion

Postsurgical infections in orthopaedics are 
serious conditions which require emergency treat-
ment due to the life threatening complications they 
can cause in the human organism, such as neuro-
logical and vascular injury, sepsis, and death induc-
tion. Many risk factors contribute to the progres-

sion of the infection towards an irreversible stage. 
Numerous etiological agents, form different groups 
of bacteria, fungi and viruses are considered to be   
causative factors. To diagnose these infections, data 
from clinical symptoms, family history, microbio-
logical investigations and imaging methods must 
be collected. Treatment is based mainly on intrave-
nous antibiotics. Early treatment prevents postop-
erative complications. Antimicrobial therapy is not 
always efficient, in which case surgical procedures 
must be taken into consideration.
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Introduction
Infection with Hepatitis B virus (HBV) and 

Hepatitis C virus (HCV) is a widespread problem 

globally. Epidemiological survey showed that about 
5% of the world populations are asymptomatic hep-
atitis B carriers (Omer, 1995). Chronic hepatitis B 

Incidence of HIV, Hepatitis B and C, and their Co-infections among 
Pregnant Women Attending Selected General Hospitals in Ondo State

Olufemi Samuel Adeogun1, Oluwole Moses David2*, Adeyemi Olufisayo Adesina3, Tosin 
Odunayo Babalola2

1 Department of Biological Sciences, Joseph Ayo Babalola University, Ikeji-Arakeji, Osun State, Nigeria
2 Department of Microbiology, Ekiti State University, Ado-Ekiti, Ekiti State, Nigeria
3 Department of Microbiology, Obafemi Awolowo University, Ile-Ife, Nigeria

Abstract
Hepatitis B virus (HBV) and Hepatitis C virus (HCV) infections cause chronic hepatitis in humans. 

The co-infections of these viruses with human immunodeficiency virus (HIV) have increased the burden, 
especially in the resource-poor nations of the world. In this study we determine the burden of HBV and/
or HCV with HIV among pregnant women attending selected General Hospitals in Ondo State, Nigeria. 
The sera of consented subjects were collected and screened for the presence of HBV using enzyme-linked 
Immunosorbent Assay (ELISA) kits while HIV was detected using WHO approved rapid kit and its confir-
mation was done with Western blot assay. Out of two thousand, nine hundred ninety-eight (2.998) pregnant 
women screened, the numbers positive for HBV (HBsAg), HCV (antibody) and HIV (antibody) were 60, 54 
and 28, respectively. The highest HIV seroprevalence was detected among women in the age group of 35-
39 years. The seroprevalence of co-infections HBV and HCV was 0.07 % while those of HIV and HBV, and 
HIV and HCV were 0.03 % each. None of the subjects had the three viruses. The difference in demographic 
characteristics of the study population in the study areas might explain the  varying results observed in this 
study. Pregnant women should not only be screened for HIV but also for both Hepatitis B and C infections 
during their first ante-natal visit.
Keywords: Hepatitis B, hepatitis C, co-infections, pregnant women, HIV, seroprevalence 
Резюме

Инфекциите с вируса на хепатит В (HBV) и вируса на хепатит С (HCV) причиняват хроничен 
хепатит при хората. Съвместните инфекции на тези вируси с вируса на човешкия имунодефицит 
(ХИВ) увеличават тежестта, особено в бедните страни по света. В това проучване ние определихме 
тежестта на HBV и / или HCV с ХИВ сред бременни жени, които посещават избрани Общи болници 
в Ondo State, Нигерия. Серумите на доброволци се събират и изследват за наличие на HBV, използ-
вайки ензимно-свързан имуносорбентен анализ (ELISA), ХИВ се открива с помощта на бърз кит, 
одобрен от СЗО, като потвърждаването му е извършено с Western blot анализ. От скринираните 2 
998 бременни жени, положителни числени стойности за HBV (HBsAg), HCV (антитела) и HIV (ан-
титела) са установени съответно при 60, 54 и 28 души. Най-висока серопревалентност на ХИВ е ус-
тановена сред жените във възрастовата група от 35-39 години. Серопревалентността на ко-инфекции 
HBV и HCV е 0,07%, докато тези на HIV и HBV, и HIV и HCV са 0,03% всеки. Никой от субектите 
не е имал трите вируса едновременно. Разликата в демографските характеристики на изследваната 
популация в проучените райони може да обясни различните резултати, наблюдавани в това проучва-
не. Бременните жени трябва да бъдат подложени на преглед не само на ХИВ, но и на хепатит В и С 
инфекции по време на първото им предродилно посещение



54

virus infection is a major cause of mortality and 50 
% of chronic carriers are expected to die from the 
disease due to liver cirrhosis or hepatocellular car-
cinoma (Omer, 1995). Approximately, 350 million 
people are infected with HBV worldwide (Liu and 
Hou, 2006).

Human immunodeficiency virus is the causa-
tive agent of acquired immune deficiency syndrome 
(AIDS). The acquired immune deficiency syndrome 
was first described in 1981, and HIV-1 was isolated 
by the end of 1983 (Green et al., 2007). Months to 
years after HIV infection, the virus destroys all the 
T-cell lymphocytes. This incapacitates the immune 
system from defending the body against diseases 
and tumors. Various opportunistic infections will be 
able to develop by taking advantage of the body’s 
weakened immune system. These infections, which 
normally do not cause severe or fatal health prob-
lems, will eventually cause the death of the HIV 
patient (FMOH, 2010). 

Chronic HBV infection occurs in 5-10 % of 
HIV-infected individuals who are exposed to HBV, 
a rate 10 times higher than that for the general pop-
ulation (Luetkemeyer, 2010). Co-infection of HIV 
and HBV is a state in which an individual is in-
fected with both  HIV and  HBV viruses (Omonk-
helin et al., 2010). The risk of co-infection is not 
uncommon, especially in areas of high prevalence 
and people at high risk for parenteral infection (Liu 
and Hou, 2006). Co-infections with HIV and HBV 
are common, with 70-90% of HIV-infected individ-
uals in the United States having evidence of past 
or active infection with HBV (Luetkemeyer, 2010). 
Many of the countries that are affected by hepatitis 
B are also affected by a high HIV burden, leading 
to frequent HIV and HBV co-infections (Hoffmann 
and Thio, 2007). 

In the United States, HIV and HBV co-infec-
tion rates are the highest among men who have sex 
with men (MSM), and injection drug users (Luetke-
meyer, 2010). In contrast, in Asia and sub-Saharan 
Africa, where vertical and early childhood expo-
sure are the most common modes of transmission, 
respectively, there is an overall high prevalence 
of HBV (Luetkemeyer, 2010). The prevalence of 
HBV among HIV-infected individuals also is high-
er, at an estimated 20-30% (Luetkemeyer, 2010). 
The prevalence of HIV and HBV co-infection in 
ante-natal populations in Nigeria is as high as 8.9% 
(Adesina et al., 2010).

Human immunodeficiency virus and HBV 
have overlapping transmission routes; hence many 
people are infected with both viruses (Uneke et al., 

2005). Rates of new cases of hepatitis B in the pop-
ulation as a whole have fallen dramatically since the 
advent of routine childhood HBV vaccination, but 
trends among people with HIV have not been well 
studied (Highleyman, 2009; Chun et al., 2010).

Hepatitis B virus and HIV are endemic in the 
same world regions, although HBV is more infec-
tious than HIV (Hoffmann and Thio, 2007). Hep-
atitis B virus infection in Nigeria has remained a 
public health issue. It is a major cause of mortal-
ity, especially in developing countries (Eke et al., 
2011). Vertical transmission of HBV infection is 
thought to be a major route of transmission in low 
resource areas. In spite of this, routine ante-natal 
screening for HB infection is not yet practiced in 
many Nigerian hospitals (Eke et al., 2011). 

In the study area there has not been any inves-
tigation to determine the prevalence of HIV, Hep-
atitis B and C infections and co-infections among 
pregnant women attending ante-natal care in some 
General Hospitals in Ondo State, hence the objec-
tive of this study.
Materials and Methods
Study area and sample size determination

This study was conducted in three General 
Hospitals in Ondo State, Nigeria. Each of the hos-
pitals was drawn from each of the three Senatorial 
districts of the State. Ethical approval to carry out 
the study was obtained from the ethical committee 
of the various hospitals, while consent was obtained 
from each of the participants enrolled in the study. 

The specimen size was determined using the 
formula described by Mugo (2008). 

        Z2 PQ
N= _______
           D2

Where: 
N=Minimum number of samples to be collected 
Z=1.96 (standard normal distribution at 95 %  
confidence limit) 
P= Local prevalence rate of previous study on HIV 
and HBV co-infection among pregnant women = 
8.9% = 0.089 (Adesina et al., 2010) 
Q= (1-P) =1-0.089 = 0.911
D=Tolerable error (5%) 

        1.962  x 0.089 x 0.911       0.31147309N= _________________ = __________ = 124.589
                   0.052                       0.0025
N= 125 

The least number of specimens to be collect-
ed for the study was calculated to be 125. To get the 
maximum number of specimens, the tolerable error 



55

used was 1%, and for this study a total of 2 998 
non-repeat samples were collected.
Specimen Collection and Processing 

About 5 mL of blood specimen was collected 
by a laboratory scientist by venipuncture from each 
of the 2 998 participants who had consented to par-
ticipate in the research, using a disposable sterile 
needle and a 5 mL vacutainer tube. The plasma was 
carefully aspirated into cryovials after centrifuga-
tion for five minutes and then stored at -20oC until 
analyzed. 
Analysis of specimen for HIV, HBV and HBC

All the 2 998 blood specimens collected 
from the pregnant women were tested for antibod-
ies to HIV 1 and HIV 2 using the Determine test 
kit and the HIV positive specimens were re-tested 
using Uni-GoldTM test kit. The presence of HBsAg 
was detected using First response test kit and the 
HBsAg positive specimens were confirmed using 
Kinghawk ELISA. The HBsAg positive specimens 
were further tested for other HBV markers using 
One Step HBV multi-5 test.

Results and Discussion 
The seroprevalence of HIV and HCV an-

tibodies and HBV surface antigen for the study 
population is shown in Table 1. A total of 2 998 
pregnant women were screened in this study 
and a total of 28 (0.93%) were positive for 
HIV antibodies while for HBV surface antigen 
 and HCV antibodies were 60 (2.01%) and 45 
(1.51%), respectively. 

The highest HIV prevalence was observed 
in age group 35-39 years with seroprevalence of 
8 (1.8%) (Table 2). The findings of this study re-
vealed  low seroprevalence of HIV, hepatitis B and 
C among pregnant women in Ondo State. The prev-
alence obtained for HIV infection (0.93%) in this 
study may be considered  low prevalence as it is 
lower than the Nigerian national overall prevalence 
of 1.4% reported among pregnant women (FMHN, 
2019). Similarly, the prevalence rate (0.93%) in 
this study is lower than the 3.9% prevalence among 
pregnant women attending ante-natal care within 
Kaduna Metropolis by Aba and Aminu (2016). 

Age (Years) Samples screened HIV HBV HCV
15- 19 1133 1 (0.88) 1 (0.88) 0
20- 24 573 4 (0.7) 10 (1.74) 7 (1.22)
25-29 955 8 (0.84) 22 (2.3) 16 (1.68)
30-34 815 6 (0.74) 16 (1.96) 13 (1.64)
35-39 441 8 (1.8) 11 (2.5) 8 (1.8)
40-44 91 1 (1.10) 0 1 (1.1)
45-49 8 0 0 0
50-54 2 0 0 0
Total 2998 28 (0.93) 60 (2.0) 45 (1.5)

Table 1. The sero-prevalence of HIV, HBV and HCV infection among pregnant women [n(%)]

Infection Health Care 
Facility

Total 
sample

Age range (years) [n (%)]
15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54

HIV

GNI 1321 1(0.08) 3 (0.23) 2 (0.15) 2 (0.15) 3 (0.23) 0 0 0
GHIO 511 0 1 (0.2) 1 (0.2) 0 0 0 0 0
MCHA 1166 0 0 5 (0.43) 4 (0.34) 5 (0.43) 1 (0.09) 0 0
Total 2998 1(0.03%) 4 (0.13) 8 (0.27) 6 (0.20) 8 (0.27) 1 (0.03) 0 0

HBV

GNI 1321 1 (0.08) 3 (0.22) 9 (0.68) 2(0.15) 2 (0.15) 0 0 0
GHIO 511 0 1 (0.2) 0 1(0.2) 0 0 0 0
MCHA 1166 0 6 (0.5) 13 (1.11) 13 (1.11) 9 (0.77) 0 0 0
Total 2998 1 (0.03) 10 (0.33) 22 (0.73) 15 (0.5) 11 (0.37) 0 0 0

HCV GNI 1321 0 1 (0.08) 1 (0.08) 2(0.15%) 0 0 0 0
GHIO 511 0 0 0 0 0 0 0 0
MCHA 1156 0 6 (0.5) 15 (1.29) 11 (0.94) 8 (0.69) 1 (0.09) 0 0
Total 2998 0 7 (0.23) 16 (0.53) 13 (0.43) 8 (0.27) 1 (0.03) 0 0

Table 2. The seropositivity of HIV, HBV and HCV in relation to age of the pregnant women in Ondo 
State, Nigeria
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Out of the three health facilities, MCHA had 
the highest occurrence of all the tested viral infec-
tions as shown in Table 3. The overall seropreva-
lence of 2.01 % for hepatitis B viral surface antigen 
(HBsAg) among pregnant women screened in this 
study is lower than what was reported among preg-
nant women in Kano, Nigeria and is also lower than 
that reported in Awka, Makurdi, Benin and Zaria all 
in Nigeria (Ezegbudo et al., 2004). Kolawole et al. 
(2012) equally reported a much higher prevalence 
of 16.5% in the Osogbo metropolis. The prevalence 
reported in this study for HBsAg (2.01%) is low-
er than the prevalence rate of 5.3% in Niger Delta 
(Buseri et al., 2010), 5.7% in Ilorin, 6.78% (Esan 
et al., 2014) in Ekiti and 4.6% (Obi et al., 2006) in 
Enugu all among pregnant women in Nigeria. 

Table 3. Distribution of HIV, HBV and HCV  
in different health care facilities [n (%)] 

Infection Health care facilities Total
GNI

(n=1321)
GHIO

(n=511)
MCHA

(n=1156)
HIV 11 (0.83) 2 (0.39) 15 (1.30) 28 (0.93)
HBV 17 (1.29) 2 (0.39) 41 (3.55) 60 (2.00)
HCV 4 (0.30) 0 41 (3.55) 45 (1.50)

The wide variations in the seroprevalence of 
HBV in pregnant women from the literature may 
be due to geographical variation, differences in 
cultural practices, sexual behaviour and practices, 
and differences in the test methods employed to de-
tect HBV infection as suggested by Olokoba et al. 
(2011). It is also likely that the infected women had 
missed the HBV vaccine which became available 
in 1982 and was introduced into the National Pro-
gramme on Immunization in 2004 (WHO, 2009). 
The vaccine has been found to be 95% effective in 
preventing infection and its chronic consequences 
(WHO, 2001). The decreasing trend in the HBsAg 
prevalence might be connected to higher awareness 
and vaccine coverage of the susceptible persons. 
The possibility of hepatitis B occult infection due 
to escape mutations can also be a reason for the rel-
atively low HBsAg seroprevalence reported in this 
study. Molecular detection of HBV DNA can better 
clarify this.

Out of the three viral infections HBV had the 
highest prevalence followed by HIV. The preva-
lence rate of 1.51% obtained for HCV in this study 
was higher than the 0.5% HCV prevalence record-
ed from similar studies among pregnant women 
in Yenagoa, Bayelsa state Nigeria (Buseri et al., 
2010; Esan et al., 2014). It is also higher than the 

prevalence (0.9%) found among pregnant wom-
en in Bali, Indonesia (Surya et al., 2005). It was, 
however, similar to that found among women of re-
productive age in Rome, Italy. MCHA has HBsAg 
prevalence rate of 13 (1.11%) for the age groups of 
25-29 and 30-34, followed by age groups 35-39 and 
20-24 with 9 (0.77%) and 6 (0.5 %), respectively. 
Also, samples collected at GHIO revealed that only 
1 (0.2%) from the age between 20-24 and 30-34 
was positive to HBV.

The HCV Seroprevalence (1.5%) among 
pregnant women in Jimma, Southwest Ethiopia 
reported by Awole and Gebre-Selassie (2005) was 
similar to the prevalence of HCV in this present 
study. In this study, the highest prevalence of HBV 
infection lies within the age group 25-29 years. 
This suggests that women who are at the peak of 
their reproductive years are more prone to viral 
infections as earlier postulated by Olokoba et al. 
(2011). This finding is similar to that of (Mortada et 
al., 2013), in which HBV was detected at a higher 
rate in pregnant women aged over 25 years than in 
women aged younger than 25 years. Ugbebor et al. 
(2011) also reported in a research conduted in Be-
nin in Nigeria that the majority of those that tested 
positive to HBV were in the age range 32-36 years, 
which was similar to this present study. For HBV 
infection, pregnant women in age group 35-39 
years had the highest seroprevalence of 11 (2.5%) 
while women between ages 35 and 39 years had the 
highest seroprevalence of HCV (1.8%).

The seroprevalences of HBV/HCV, HIV/
HBV and HIV/HCV co-infections in our study was 
0.07%, 0.03% and 0.03%, respectively. This is sig-
nificantly lower than the 1.5% found by Noubiap 
et al. (2015) in northern Cameroon for HIV/HBV 
co-infections. Similarly, 1.7% seroprevalence was 
observed in the study carried out by Abongwa et al. 
(2015) for HIV/HBV co-infections among pregnant 
women. The study recorded 0.07% co-infection for 
HBV/HCV, which is higher than 0.03% recorded 
for HIV/HBV and HIV/HCV each. There was no 
case of HIV/HBV/HCV co-infection (Table 4). 

Table 4. Seroprevalence of HIV, HBV and HCV 
and co-infections in the study 

Variables Seropositivity
n %

HIV/HBV/HCV 0 0.0
HBV/HCV 2 0.07
HIV/HBV 1 0.03
HIV/HCV 1 0.03
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In addition, the prevalence recorded in this 
study was found to be low compared to the 11.9% 
obtained among Nigerian cohort of HIV infected 
patients (Otegbayo et al., 2008), 4.47% obtained in 
the United States (Kim et al., 2008), 0.88% co-in-
fection rate obtained by Dao et al. (2001) in Bur-
kina-Faso, and 1.13% obtained by Tounkara et al. 
(2009) in Mali. This difference may be due to the 
difference in the study population.

Pregnant women should be screened for both 
HIV and Hepatitis B and C infection during their 
first ante-natal visit in order to inform clinical man-
agement and prevent vertical transmission. Aware-
ness should be increased on the mode of transmis-
sion of the viral infections as well as risk involved 
with co-infection with both viruses as co-infection 
could lead to high risk of maternal mortality and 
morbidity.
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Introduction
In recent years, the incidence of cardiovascu-

lar diseases has increased and has become the most 
important health problem that causes  mortality and 
morbidity (Mohebbi et al., 2010). According to the 

World Health Organization’s report, 17.9 million 
people died from cardiovascular diseases in 2016, 
representing 31% of all global deaths. Among these, 
7.4 million deaths were caused by coronary heart 
disease, while 6.7 million were caused by heart at-
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Abstract
In recent years more people die each year from cardiovascular diseases (CVDs) than from any other 

cause and 17.7 million people died from CVDs in 2015, representing about one third of all global deaths ac-
cording to the WHO. Streptokinase is a thrombolytic agent with systemic fibrinolytic effect. It is a non-en-
zymatic protein produced by β haemolytic streptococci and activates the fibrinolytic system indirectly. 
Streptokinase is used widely and routinely for treatment of acute myocardial infarctions. In this study strep-
tokinase gene from Streptococcus pyogenes C1 was cloned in pET28a vector and transferred to Escherichia 
coli BL21. Expressed protein was purified by Ni-NTA column and visualized with SDS-PAGE. Streptoki-
nase (SK) coding DNA fragment was amplified from S. pyogenes C1 genomic DNA by PCR. The amplifi-
cation products were inserted into the cloning and expression vector pET28a(+). Recombinant pET28a(+) 
plasmid with recSK gene were then introduced to E. coli BL21 (DE3) by electroporation. The streptokinase 
encoded by the plasmid pET28a(+) contains the mature streptokinase with the 6X histidine-tag.
Keywords: streptokinase, fibrinolytic enzyme, expresion
Резюме

През последните години, повече хора умират всяка година от сърдечно-съдови заболявания 
(ССЗ), отколкото по всяка друга причина. През 2015 г., 17.7 милиона души са починали от ССЗ, 
което, според СЗО, представлява около една трета от всички смъртни случаи в световен мащаб. 
Стрептокиназата е тромболитично средство със системен фибринолитичен ефект. Това е не-ензимен 
белтък, произведен от β-хемолитични стрептококи, който активира фибринолитичната система ин-
директно. Стрептокиназата се използва широко и рутинно за лечение на остър миокарден инфаркт. 
В това проучване генът на стрептокиназа от Streptococcus pyogenes C1 беше клониран в pET28a век-
тор и пренесен в Escherichia coli BL21. Експресираният протеин се пречиства чрез Ni-NTA колона 
и се визуализира с SDS-PAGE. Стрептокиназната (СК) кодираща ДНК фрагмент се амплифицира 
от S. pyogenes С1 геномна ДНК чрез PCR. Продуктите за амплификация се включват в клониращия 
и експресионен вектор pET28a (+). След това, рекомбинантният pET28a (+) плазмид с recSK ген се 
въвежда в E. coli BL21 (DE3) чрез електропорация. Стрептокиназата, кодирана от плазмида pET28a 
(+), съдържа зрялата стрептокиназа с 6X хистидин-маркер.
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tacks (WHO, 2020). In Turkey, the rates of deaths 
due to cardiovascular diseases reached 38.5% of 
the total deaths during 2018 (TUIK, 2020).

Streptokinase (SK) is an important throm-
bolytic agent in the treatment of patients suffering 
from cardiovascular diseases. When streptokinase 
binds to circulating plasminogen (Plg), the SK-plas-
minogen activator complex is formed. Plasmin is 
an active enzyme that degrades the fibrin compo-
nent to thrombin. Because of this property, strep-
tokinase dissolves blood clots strongly and is used 
in the treatment of acute myocardial infarction. The 
enzyme is a single chain polypeptide made up of 
414 amino acid residue and has a molar mass of 47 
kDa (Baruah et al., 2006; Nguyen et al., 2014).

Commonly used fibrinolytic agents in throm-
bolytic therapy are streptokinase, urokinase (UK) 
and tissue type plasminogen activator (TPA). These 
agents are often referred to as plasminogen activa-
tors and they convert enzymatically inert plasmino-
gen in the fibrinolytic system to plasmin. Plasmin 
dissolves fibrin clots by breaking them down to 
soluble parts and these products are removed by 
phagocytes (Kunamneni et al., 2007). Unlike urok-
inase and TPA, SK doesn’t have a proteolytic ac-
tivity alone; SK becomes active if only it makes a 
complex with circulatory plasminogen or plasmin 
(Banerjee et al., 2004).

Streptokinase has a higher in vivo half-life 
compared to urokinase and plasminogen activa-
tor. Since streptokinase has a bacterial origin and 
non-specific mechanism of action, side effects 
and risks are higher in thrombolytic therapies than 
urokinase and plasminogen activator. However, 
streptokinases are preferred in developing coun-
tries because of their cost-effectiveness and short 
therapy times (Kunamneni et al., 2007).

In this study, a potential therapeutic recombi-
nant streptokinase (recSK) was obtained by cloning 
streptokinase gene from Streptococcus pyogenes C1.
Materials and Methods
Plasmids, bacterial strains, and culture conditions

The bacterial strain S. pyogenes C1 was used 
as the source of the streptokinase gene (ska). Escher-
ichia coli BL21 (DE3) and the vector pET28a(+) 
were used for DNA manipulations, amplification 
and expression of SK. Tryptic soy agar (TSA) was 
used for cultivation of E. coli BL21 (DE3).
DNA amplification and plasmid construction

DNA extracted from S. pyogenes C1 using 
the Insta Gene Matrix DNA extraction kit (Bio-
Rad, Hercules, CA), according to the manufactur-

er’s recommendations. SK-coding DNA fragment 
was amplified from S. pyogenes C1 genomic DNA 
by PCR. Based on the nucleotide sequence of the 
ska from S. pyogenes strain (GenBank: Z48617), 
SKF-BamHI GGCGGATCCATGAAAAATTACT-
TAT and SKR-XhoI GCCTCGAGGTTTGTCATT-
AGGGTT were designed as primers for introduc-
tion of the underlined BamHI and XhoI restriction 
sites, respectively. The PCR mixture contained 5 
𝜇L 10x PCR buffer; 1 𝜇L of 2.5mM dNTP; 4 𝜇L 
of 25mM MgCl2; 2𝜇L genomic DNA; 0.3 𝜇L 5 
unit Taq polymerase, and 0.4 𝜇L each primer (100 
pmol), supplemented with 36.9 𝜇L distillated water 
to a final volume of 50 𝜇L. The DNA was amplified 
using the following protocol: held at 94 ºC for 5 
min, followed by 35 cycles of denaturation (94 ºC 
for 30 s), annealing (52ºC for 30) and extension (72 
ºC for 1.5 min), with a single final extension of 8 
min at 72 ºC. Using 1% agarose gel bands were sep-
arated for 30 min at 100 V, stained with Safe View 
(ABM, Canada), and visualized PCR products un-
der UV. Then, the PCR products amplified from the 
genomic DNA with the primer pair SKF-BamHI 
and SKR-XhoI were digested with the BamHI and 
XhoI enzymes. Digested amplification products 
were inserted into the cloning and expression vec-
tor pET28a(+) digested with the same enzymes by 
ligation. Recombinant pET28a(+) plasmid with ska 
gene were then introduced into E. coli BL21 (DE3) 
by electroporation and selected on tryptic soy agar 
media supplemented with 50 mg/L kanamycin. Re-
combinant plasmid was confirmed by plasmid iso-
lation using a Qiagen Plasmid Midi kit. The recom-
binant streptokinase had 6X histidine-tag because 
of the expression plasmid pET28a(+) (Fig. 1).
Expression of recombinant streptokinase

E. coli BL21 (DE3) bacterial cells were used 
as expression hosts for plasmid pET28a(+) con-
taining recombinant streptokinase (recSK). The 
culture of transformants was done at 37°C and 
until an optical density (OD) at 600 nm reached 
0.5-0.6 (for approximately 3h); then IPTG (isopro-
pyl-β-D-thio-galactoside) was added for induction. 
The culture was continuously incubated at 37°C 
with agitation at 200 rpm for 3–6h induction. Cells 
were harvested by centrifugation at 5000 rpm for 
10min at 4°C and were used for protein purification 
(Sambrook, 2006).
Modified caseinolytic assay for streptokinase

In order to demonstrate streptokinase activ-
ity, E. coli BL21 (DE3), bacteria containing plas-
mids with and without recSK gene were streaked 
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on tryptic soy agar (TSA) plate. After bacterial 
cultivation, 5 ml of mixture containing 1 ml of 
skim milk, 1 ml of human blood plasma and 1% 
bacteriological agar were poured and incubated at 
37°C for 16-18 hours.
Purification of recombinant streptokinase and 
protein electrophoresis

Bacteria from a 100 mL culture were harvest-
ed by centrifugation and suspended in 10 mL of 
RIPA lysis buffer (1X) with 1 tablet proteinase in-
hibitor (Thermo A32959) to purify RecSK. Then, 
the samples were placed in the homogenizer device 
(Tehtnica Millmix 20) and processed for 25 seconds 
at 30 frequencies 5 times. Homogenized cells were 
centrifuged at +4°C for 5 minutes at 10 000 rpm. The 
supernatant was taken and used as protein extract. In 
order to purify the recombinant streptokinase con-
taining 6X His-tag, the resulting supernatant was 
loaded onto the Ni-NTA column on a low pressure 
chromatography device (Biologic LP, Bio-Rad). The 
bound recombinant protein was eluted with elution 
buffer containing 8 M Urea, 100 mM NaH2PO4, 100 
mM Tris-HCl, pH 4.5. The recombinant streptoki-
nase (RecSK) was visualized by 12% SDS poly-
acrylamide gel electrophoresis (SDS-PAGE).
Results

A single band of expected size (1323 bp) was 
obtained by PCR using the primers SKF-BamHI 
and SKR-XhoI in the genomic DNA of S. pyo-
genes C1 strain (Fig. 2). The recombinant plas-
mid (pET28a+ska) was confirmed by gene se-
quencing. The nucleotide sequence of the cloned 
fragment (ska) displayed ˃99% identity with the 
streptokinase nucleotide sequence in GenBank: 
WP_030127337.1. 

Fig. 2. Agarose gel electrophoresis of the PCR am-
plified fragment of the ska gene in S. pyogenes C1. 
M: Lambda-PstI DNA Marker, SK: PCR product of 
the ska gene (1323bp).

The positive recombinant plasmid was trans-
formed into the host, E. coli BL21 (DE3). The dif-
ference in the production of streptokinase in the 
recombinant bacterium relative to the control bac-
terium (not containing the recSK gene) was demon-
strated by the modified caseinolytic activity test as 
shown in Fig. 3. 

Fig. 3. Modified caseinolytic assay for streptoki-
nase. C1-SK: containing the ska gene (pET28a+s-
ka); pET28a(+):not containing ska

Fig. 1. Structure of pET28a(+) expression plasmid. Amplified fragments of the ska gene were digest with 
BamHI and XhoI restriction enzymes and ligated into the vector pET28a(+).
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The addition of IPTG induced the overex-
pression of approximately 50.75 kDa molecular 
weight recombinant protein. The expressed protein 
was purified successfully via affinity chromatogra-
phy using Ni-NTA resin (Fig. 4). 

Fig. 4. Analysis of recombinant protein by SDS-
PAGE. 1: recSK protein purified from E. coli BL21 
(DE3), 2: Protein marker (PageRuler, ThermoFisher)
Discussion

Streptokinase is an important thrombolytic 
agent in the treatment of cardiovascular diseases. It 
is widely used in the treatment of acute myocardial 
infarction due to its ability to dissolve blood clots 
strongly (TUIK, 2020). E. coli is widely used in 
research and industrial production of recombinant 
proteins. E. coli has been shown to be suitable for 
recombinant production of streptokinase protein 
with a high yield (Baneyx, 1999). 

In 1984, Malke et al., using the bacteriophage 
Lambda vector L47 from Streptococcus equisimilis 
strain, created a recombinant phage bank carrying 
the E. coli streptokinase gene (Malke, 1984). In 
1998, Perez et al. produced and purified the recom-
binant streptokinase using E. coli K12 strain. Strep-
tokinase protein was obtained in 99% purity by 
hydrophobic interaction chromatography (Zhang et 
al., 1999).

Many chemical modifications are used to 
increase the half-life and plasminogen activation 
of the circulating streptokinase and to reduce or 
eliminate its immunogenicity. These targets were 
to some degree achieved by mutated and produced 
streptokinases (Banerjee et al., 2004).

Streptokinase is cost-effective for thrombo-
lytic therapy in clinical use. Through bacterial fer-
mentation, low-cost streptokinase can be produced 
in abundance. Cloning the streptokinase gene into 
non-pathogenic microorganisms enables the pro-

duction of recombinant streptokinase.
In our study, the streptokinase gene amplified 

from S. pyogenes C1 was cloned into pET28a(+) 
vector and transferred to E. coli BL21 (DE3). High 
expression of the recombinant protein recSK by 
inducing the expression vector was targeted. The 
strain producing the recSK protein was registered 
as a potential strain for industrial streptokinase pro-
duction in the recombinant library of Recombinant 
DNA and Recombinant Protein Application and 
Research Center (REDPROM) of Adnan Menderes 
University.
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Abstract
Arsenic is a common contaminant in soils, affecting soil microbiome and all soil organisms.  The 

present study examined arsenate tolerance of two Saccharomyces cerevisiae strains isolated from contami-
nated soil. Their tolerance to sodium arsenate (AsV) was studied in a liquid medium for 24 hours, while the 
ability of the populations to reduce their intracellular arsenic content was subsequently investigated through 
kinetic studies of arsenate transport at 33.3, 133.2, and 266.4 μM of AsV. The dependence of tolerance on 
the efflux system was demonstrated by the use of amiloride hydrochloride, which is known as a suppressor 
of ion transport through the cell membrane. The maximum concentration tolerated by S. cerevisiae AS09 
was found to be about 72.8% lower than that by the tolerant S. cerevisiae AS07. The influx and efflux of 
arsenate across the cell membranes of both strains were dependent on the concentration of metalloid in the 
medium and on the anion net balance. Both strains rapidly increased their internal As concentration to a 
maximum point, although only the tolerant strain was able to decrease it subsequently in all concentrations 
used. When the highest concentration was applied, the cells of the non-tolerant strain were found to be dead. 
When amiloride hydrochloride was used it was found that the tolerant cells behaved like sensitive cells, 
and at 266.4 μM the cells of both strains were found to be dead, because the extrusion of the toxic anion 
was interrupted. Kinetic differences in arsenate transport through the cell membrane explain the different 
degrees of tolerance of the studied strains.

 
Keywords: arsenate transport, yeast, influx, efflux, amiloride hydrochloride, tolerance
Резюме 

Арсенът е често срещан замърсител в почвите оказвайки въздействие върху почвения 
микробиом и върху всички почвени организми. В настоящето проучване изследвахме толерантността 
към натриев арсенат (AsV) на два щама Sacharomyces cerevisiae изолирани от замърсени почви. 
Проучването се извърши в течна хранителна среда за 24 ч., докато способността на популациите да 
редуцират тяхното вътреклетъчно съдържание на арсен се извърши чрез изследване на транспорта 
на арсенат при 33.3, 133.2 и 266.4 μM AsV. Зависимостта на толерантността от извеждането извън 
клетката беше доказано с използването на амилорид хидрохлорид, който потиска транспорта на 
йони през клетъчната мембрана. Установихме, че максималната концентрация, при която все още 
има растеж на S. cerevisiae AS09 е със 72.8 % по-ниска от тази при толерантния S. cerevisiae AS07. 
Постъпването и изхвърлянето на арсенат от клетките при двата щама зависеше от концентрацията 
на металоида в средата и от нетния баланс на аниона. Двата щама бързо увеличиха вътрешната 
си концентрация на As достигайки максимум, като само толерантният щам беше способен да я 
намали при всички варианти. При високата концентрация се наблюдаваше загиване на клетките 
на нетолерантния щам. Прилагайки амилорид хидрохлорид се установи, че толерантните клетки 
се държат като чувствителни и при концентрация 266.4 μM клетките на двата щама загиват поради 
липсата на извеждане на токсичния анион навън. В заключение, различията в транспорта на арсенaт 
през клетъчната мембрана обясняват различната толерантност на двата щама.
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Introduction
Currently, metal and metalloid pollution is 

one of the most important environmental problems 
affecting our everyday life. As a metalloid, arse-
nic is highly toxic, abundant in the environment, 
but not required for life (Rahman et al., 2014). In 
arsenic-containing habitats, soil microorganisms 
have developed arsenic-resistance (ars) genes. It is 
known that inorganic arsenate is taken up by the cells 
mainly via the phosphate system, while the tolerant 
strains are able to reduce their cell arsenate content 
by extrusion of arsenate out of the cell (Garbinski et 
al., 2019). Different studies have shown that some 
yeast strains isolated from contaminated sites pos-
sess excellent metal and metalloid scavenging ca-
pability (Nguyên-nhu and Knoops, 2002; Massoud 
et al., 2019). These cells exhibited high tolerance 
and may be potential candidates for the removal of 
metals and metalloids from wastes, wastewaters and 
contaminated soils. The stage has already been iden-
tified for the application of metal-resistant microbi-
al cells in metal and metalloid harvesting. In pre-
vious publications (Shilev et al., 2001; Fernández 
et al., 2003; Shilev et al., 2007), the mechanisms 
of tolerance to arsenic in tolerant bacteria Pseudo-
monas fluorescens, and in non-tolerant Bacillus sp. 
were described. In those cells, arsenate tolerance 
was found to be strongly dependent on the transport 
through the cell membrane and especially on the ef-
flux system, where different proteins are involved. 
In the eukaryote Saccharomyces cerevisiae, several 
phosphate transporters participate in arsenate up-
take (Bun-ya et al., 1996; Shen et al., 2003). Inside 
the cell, the metalloid can be reduced to a form that 
is recognized by the extrusion system. Its presence 
activates the transcription of various cellular de-
fense genes, which activate the membrane proteins 
for extrusion of the metalloid. Therefore, the toler-
ance to As depends on the presence of these proteins 
in the membrane. Cells remove metalloids from the 
cytosol either by active efflux or by sequestration in 
an internal organelle. Controlling the influx appears 
to be another way of maintaining a low intracellu-
lar metalloid content (Wang and Chen, 2006; Batis-
ta-Nascimento et al., 2013).

The aim of the present study was to investi-
gate the mechanisms of sodium arsenate (Na2HA-
sO4.7H2O) transport in two S. cerevisiae strains as a 
key factor for metalloid tolerance.
Materials and Methods

Previously, we isolated different strains tol-
erant to heavy metals and metalloids from con-
taminated soils (Shilev and Vancheva, 2006). 

Some of them were characterized and identified as  
S. cerevisiae strains and found to tolerate or not 
moderate to high concentrations of sodium arsenate 
(AsV) in the growth medium.
Cultures

In the present investigation, AsV tolerance 
and the kinetics of AsV transport in the cells in 
two strains were studied. Both strains, S. cerevisiae 
AS07 wild type (WT) and S. cerevisiae AS09, were 
pre-isolated from soil contaminated by multiple 
heavy metals. The former was tolerant to elevated 
concentrations of arsenic, while the latter was not 
tolerant to that metalloid.
Tolerance study

The tolerance of the above-mentioned strains 
was studied in a liquid medium (nutrient broth), 
growing them separately until optical density of ap-
proximately 0.8 at 550 nm. A portion of the yeast 
suspension was inoculated in a flask with a new 
sterile medium containing different concentrations 
of AsV as sodium arsenate from 0 to 5 M solution. 
The experiment was carried out in batch mode us-
ing 50 ml of medium per 250 ml flask. The flasks 
were incubated in an orbital shaker at 100 rpm and 
28°C for 24 h. Growth was monitored at 550 nm. 
Three replicates per treatment were performed. The 
flask without metal was taken as a control.
Kinetic assays

In the present study, the kinetics of AsV trans-
port in the cells of both Saccharomyces cerevisiae 
strains was studied. In the influx experiments, the 
cells were grown in a nutrient-broth medium (100 
ml, 28ºC), in a water bath with heating and agitation. 
Stock solution of sodium arsenate was prepared and 
the relevant quantity was added when the optical 
density of 0.25 - 0.35 (550 nm) was reached (early 
exponential phase), with the purpose to obtain the 
final concentration of sodium arsenate in the medi-
um (33.3, 133.2 or 266.4 μM). Samples were taken 
over a period of 1 h, filtered (Millipore,  0.45 mm), 
washed (20 mM MgCl2), and after 24-h exposure 
in 0.2 M HCl to break down the cells, were ana-
lyzed by atomic absorption spectrometry (Varian 
SpectrAA-100). Finally, the influx experiment was 
repeated adding Amiloride hydrochloride (Sigma 
Chem.) at minute 15, which affects the membrane 
anion transporters inhibiting the extrusion systems 
for metal efflux. Amiloride was dissolved in meth-
yl sulfoxide (Fluka Chem) and added in a concen-
tration of 2.5 mM. The experiments were repeated 
several times and the standard error was found to 
be less than 5%.
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Results and Discussion
The present study is a continuation of the in-

vestigations in the field of bioremediation related to 
the restoration of soils contaminated with various 
metals and metalloids. It compares two strains iso-
lated from such contaminated area in order to prove 
their tolerance or lack of tolerance to arsenic. 

The detailed study of tolerance of both S. cer-
evisiae strains is presented in Fig. 1. The presence 
of AsV in the liquid medium led to changes in the 
growth rate of both strains. In small concentrations 
of the metalloid up to 0.5 mM, S. cerevisiae AS07 
was able even to increase its population. 

Fig. 1. Growth rate of S. cerevisiae AS07 and S. 
cerevisiae AS09 in presence of different concentra-
tions of sodium arsenate expressed as a percentage 
of the control (growth without arsenate). Data rep-
resent the mean of three replicates, while the stand-
ard error was in the range of 5 %.

A reduction of 50% of the population after 
24-h growth was observed at 11.75 mM of AsV. 
Moreover, the growth under such stress conditions 
continued until 18 mM. On the other hand, the cells 
of non-tolerant S. cerevisiae AS09 survived until 
4.9 mM of AsV in the medium, while 50% growth 
reduction was found at 0.9 mM in the medium.

In addition, arsenate cell transport was studied 
in both S. cerevisiae strains for a period of 60 min at 
three concentrations of sodium arsenate in the me-
dium – 33.3 μM, 133.2 μM, and 266.4 μM (Fig. 2). 

The influx and efflux of arsenate in the cells 
of both strains were dependent on the concentration 
of the metalloid in the medium and on the net bal-
ance of the anion. Under conditions of abiotic stress 
produced by sodium arsenate in the medium, the in-
ternal cell concentrations also differ. The basic prin-
ciple is that each microbial strain has the capability 
of regulating its internal ion concentration by influx 
and efflux operations. When the external arsenate 
concentration was 33.3 μM (Fig. 2 A), both cells ab-
sorbed arsenate anion at a different rate. The maxi-
mum level of internal As (0.1 µg g-1) was reached by 
the tolerant strain after 7 min of incubation followed 
by efflux of  As, which resulted in a 40% reduction 
of the initial concentration, while the non-tolerant 
strain continued increasing its internal values of 
As till the 60th minute (0.089 µg g-1). Hence, for 60 
min in the presence of 33.3 μM sodium arsenate the 
non-tolerant strain was not able to begin the efflux 
process. 

Fig. 2. Kinetic uptake of As  over 60 min in tolerant and non-tolerant yeast strains, expressed per gram of 
dry cells, in the presence of 33.3 μM (A), 133.2 μM (B), and  266.4 μM (C) of sodium arsenate. Data rep-
resent the mean of three replicates, while the standard error was in the range of 5%.
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In the case of 133.2 μM sodium arsenate, 
both cells reached the maximum point of internal 
As at the beginning of the experiment. Afterwards, 
the tolerant strain decreased the internal concentra-
tion by 80% by minute 60. The non-tolerant strain 
not only accumulated much more As (60% more), 
it was also able to decrease the anion concentration 
by 70%.

At all concentrations  used at the beginning of 
the experiment, both strains rapidly increased their 
internal As concentration, reaching a maximum 
point, although only the tolerant strain was able to 
decrease it subsequently at all concentrations used. 
When the concentration in the medium was 266.4 
μM, the non-tolerant cells died before minute 10 
(evaluation of viable cells), while the tolerant cells 
continued extruding the anion surprisingly much 
more than at the lower arsenate concentration.

To demonstrate that the decrease in arsenate 
concentration was due to membrane transporters 
in the cell wall, amiloride hydrochloride, known 
as an inhibitor of Na+/H+ antiporters, was included 
in the experiments (Fig. 3). The result was that the 
efflux disappeared in all experiments and concen-
trations after the addition of amiloride hydrochlo-
ride. The accumulated As in the cells of the toler-

ant strain was found to be much lower than the As 
in the non-tolerant strain cells in all experiments. 
As a consequence, tolerant cells became sensitive. 
Moreover, in the case of 266.4 μM arsenate in the 
medium, the cells of both strains were found to be 
dead, because the toxic anion extrusion was inter-
rupted. 

After 60 min of incubation with 33.3 μM 
and 133.2 μM of sodium arsenate and amiloride 
hydrochloride, the cells of both strains were found 
to be alive, while when higher concentration was 
used both strain cells were dead because of high-
er internal concentration of anion. It seems that the 
low concentration did not  pose a significant threat 
to any of the strains, as in the end the accumulat-
ed concentrations were similar and the cells were 
alive, while when medium concentration was used 
the accumulation of the non-tolerant strain was 
55% more than that in the tolerant one.

In conclusion, although the maximum tolera-
ble concentration of S. cerevisiae AS09 was about 
72.8% lower than that of the tolerant S. cerevisi-
ae AS07, 50% reduction of growth of S. cerevisiae 
AS09 represented a 92.3% decrease compared to S. 
cerevisiae AS07. On the other hand, the tolerance to 
arsenate is a very important quality in some habitats 

Fig. 3. Kinetic uptake of As in tolerant and non-tolerant yeast strains, expressed per gram of dry cells, in 
the presence of 33.3 μM (A), 133.2 μM (B) or 266.4 μM (C) sodium arsenate and 2.5 mM amiloride hy-
drochloride. Data represent the mean of three replicates, while the standard error was in the range of 5%
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and is dependent on the possession of genes encod-
ing production of protein transporters for arsenate 
efflux from the cell. In our case, the efflux of arse-
nate presented a typical curve for tolerant cells, but 
the activation times depended on the concentration 
in the medium. At higher arsenate concentrations, 
the tolerant cells response was faster – at 33.3 µM 
at min 10, at 133.2 µM at min 8, at 266.4 µM at min 
4. The addition of an antiporter inhibitor resulted in 
a lack of efflux in the tolerant S. cerevisiae AS07 
strain and it became non-tolerant, confirming the 
fact that tolerance to arsenate is due to an efficient 
efflux system in the cells. 
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Urotropin (hexamethylene-tetramine, hexam-
ine) causes allergy in some humans, related with its 
capacity to be absorbed through the skin. The rash is 
the usual symptom of this effect. The compound is 
used in the rubber and textile gums, in the production 
of phenol-formaldehyde resins, in the medicine (in 
urinary system inflammation, flu, meningitis, etc.), 
in photographic industry, in the production of explo-
sives, for corrosion defense, as protein modifier, as 
chemical analysis reactive, in deodorants, etc.

Evidently, urotropin is present in large spec-
trum of technologies where the human skin could 
be affected. For this reason we decided to study the 
compound in correlation with one of the most fre-
quent diseases in dermatology – herpes simplex. We 
started with the testing of the direct urotropin effect 
on HSV-1 and HSV-2.

We used HSV type 1 (Victoria strain) and 
HSV-2 (Bja strain), obtained by prof. S. Dundarov  
and grown in Madin-Darby bovine kidney cells 
(MDBK). The cells we grown in 96-well plates 
Corning Inc. (Corning, NY), with growth medium 
DMEM  (Ginco, Invitrogen, Paisley, Scotland, UK), 
supplemented with 10% fetal bovine serum and 10 
mM HEPES buffer (AppliChem GmbH, Darmstadt) 
and antibiotics (penicillin 100 IU/ml, streptomycin 
100 µg/ml) in CO2 thermostat (ERA cell 150, Haer-

eus, Germany) at 37oC/5% CO2. HSV strains were 
cultivated in DMEM + 5% fetal bovine serum, 10 
mM HEPES buffer and antibiotics. Infectious titres 
of viral stocks were 106.5 and 106.75 CCID50/ml, re-
spectively. 

Virus assay was carried out by the end point 
virus dilution (Reed and Muench, 1938). Tested 
monolayers were observed by light microscopy, 
the living cells have been subjected to a procedure 
for the determination of the neutral red absorption 
(Borenfreund and Puerner, 1985). Optical density 
(OD) of each well was recorded at 540 nm in Mi-
croplate Reader (Organon Teknik Reader 530, Oss, 
Nederland). CPE percentage was evaluated by the 
following formula: %CPE = 100-[(ODD-OD100)/
ODcc x 100], where the mean value of well ODs of 
the highest virus dilution at which 100% CPE was 
observed ,and ODcc was the mean value of ODs in 
wells in the cell culture (uninfectied). 50% CPE was 
determined by regressive analysis.

In the study for virucidal action of urotropin 
the viral suspension containing 100 ID50 was mixed 
with equal volume (v/v) of urotropin. The mixture 
was stored at room temperature and samples for the 
determination of the residual infectious virus were 
taken after 10 min, 30 min and 60 min. The results 
obtained are presented in Table 1 and Table 2.

Short communication

Study of Urotropin for Virucidal Action toward HSV-1 and HSV-2

Lucia Mukova and Angel S. Galabov*

The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia

Abstract 
Urotropin, a compound used in a wide spectrum of technologies and industries, manifested a marked 

virucidal effect toward herpes simplex virus (HSV) type 1 in vitro contact test.

Keywords: urotropin, virucidal effect, herpes simplex virus

Резюме
Уротропин, съединение използвано широко в редица технологии и в 

промишлеността, показва отчетлив пряк вирусоциден ефект спрямо вирус 
херпес симплекс тип 1 в комтактен тест in vitro.
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In conclusion
1. Urotropin shows virucidal effect toward 

HSV-1. This effect is dose-dependent. It is ob-
served markedly at concentration of 1000 µg/ml  
and diminished at 320 µg/ml. The compound was 
without effect at 100 µg/ml.

2. The effect is still seen after 10-min contact 
and there is an insignificant diminishment along the 
duration of the contact.

3. Urotropin does not manifest direct virucidal 
effect toward HSV-2.

References
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Test groups Contact 10 min Contact 30 min Contact 60 min
Urotropin, µg/ml log10CCID50/ml Δlog log10CCID50/ml Δlog log10CCID50/ml Δlog

0 (Control) 6.6 6.2 6.2
100  6.6  0 6.2  0 5.3 0.9
320  5.5  1.1 5.1  1.1 5.1 1.1
1000  4.8  1.8 4.8  1.4 5.0 1.2

Table 1. Effect of urotropin toward HSV-1 (Victoria strain)

Test groups Contact 10 min Contact 30 min Contact 60 min
Urotropin, µg/ml log10CCID50/ml Δlog log10CCID50/ml Δlog log10CCID50/ml Δlog

0 (Control) 7.0 6.5 6.8
100  6.6  0.4 7.0 0 7.0 0
320 7.0 0 7.0 0 6.8 0
1000 6.6 0.4 6.6 0 6.8 0

Table 1. Effect of urotropin toward HSV-2 (Bja strain)
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These words of Ismail Kadare, an eminent 
contemporary Albanian writer, matched the mood 
shared by the Bulgarian participants in the 11th 
Balkan Congress of Microbiology on their departure 
for Albania. The event took place in Tirana from 
21 to 23 November 2019 and just three days were 
enough to transform the initial sense of farness 
into a feeling of incredible closeness - scientific, 
historical, Balkan, cultural, human.

Organizer of the 11th Balkan Congress of 
Microbiology was the Albanian Society of Clinical 
Microbiology, whose chairman, Prof. Andi Koraqi, 
cordially welcomed the participating specialists 
from Bulgaria, Turkey, Northern Macedonia, 
Montenegro, the Republic of Korea, Kosovo, and 
Albania.

Prior to the opening, a meeting of the Board 
of the Balkan Society for Microbiology (BSM) 
was held, moderated by the Society’s chairman 
and renowned Bulgarian scientist Academician 
Angel S. Galabov. At this meeting, the Kosovo 
Microbiological Society (represented by its 
leadership, Prof. Lui Raka and Prof. Gjyle Milliqi) 
was accepted as a full member of BSM. The 
Secretary of the Balkan Society for Microbiology, 
Corresponding Member Hristo Najdensky, 
announced the website developed to facilitate the 
exchange of information and activities of BSM. 
At the meeting, Acad. Angel S. Galabov revisited 
the tasks adopted by the Balkan Society at the 10th 
Congress in Sofia. He made a point that, pursuant 
to the BSM Statute, Prof. Andi Koraqi is to be 
the new chairman of BSM until the next, 12th 
Congress in 2021. The venue of the upcoming 
event remained to be determined at a later date, as 
there are two possible candidates for the presidency 
– the microbiological societies of Montenegro and 

Northern Macedonia.
The Congress was opened by Acad. A. 

S. Galabov and Prof. Andi Koraqi. The role of 
microbiological laboratories in epidemic outbreaks 
was the topic of the report presented by the Dean of 
the Medical Faculty in Tirana, Prof. S. Brino.

The scientific program included seven 
plenary sessions. The first of these was the plenary 
report of Corr. Mem. Hristo Najdensky on the 
biodegradation of cellulosic wastes – a topic of 
profound practical importance. The plenary reports 
of G. Muliiiqi on tuberculosis control in Albania, 
and L. Raka on Kosovo’s national plan to tackle 
antimicrobial resistance were also welcomed with 
interest.

The meeting also focused on five plenary 
reports by Albanian experts: N. Como (Problems 
of measles infection); E. Roshi (Microbiology and 
public health); E. Shaqiri (Microbial resistance to 
antibiotics in surgery); A. Harxhi (Diagnostics and 
treatment of HIV); P. Pipero (Microbial spectrum in 
meningitis).

D. Lacej’s report on meningitis syndromic 
testing aroused the interest of the audience. BioFire 
Company was presented at a separate session.

Special attention was devoted to the plenary 
reports presented by: A. Koraqi (HIV-antiviral 
resistance); Y. H. Kim (Application of Dual-
HotStart gene amplification in HIV and HCV Viral 
Load determination); V. Duro (Viral hepatitis 
and HIV-marker at Mother Teresa Hospital); A. 
Kaftandzieva (Most common microorganisms in 
wounds), and A. Sayiner (Syndromic testing for 
respiratory viral infections).

The last day of the congress was replete 
with interesting scientific information presented 
in the plenary reports of: L. Berdica (Tuberculosis 

Chronicle

11th BALKAN CONGRESS OF MICROBIOLOGY
MICROBIOLOGIA BALKANICA

“Letters from far away,
written by faraway hands,

farther away than the clouds”
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in patients with bladder cancer); B. Adric (Blue 
tongue virus in ruminants in Montenegro); D. Pllana 
(Cryptococcus neoformans in Croatia and Albania) 
A. Kurti (Kosovo and CAESAR); E. Shaqiri (Co-
resistance to broad-spectrum antibiotics of beta-
lactamase producing E. coli in the urinary tract), 
and F. Kalyci (In vitro effects of lactobacilli 
supernatants on Staphylococcus aureu).

The scientific program comprised 
communications and posters from all fields: general 
microbiology, virology, marine microbiology, 

food microbiology, parasitology and mycology, 
infectious diseases, immunology and vaccines, 
drugs and antimicrobial resistance.

During the congress, the guests of Tirana had 
the opportunity to enjoy the city’s beautiful parks, 
squares, monuments and picturesque architecture, 
and to get acquainted with its hitherto unknown 
dramatic, majestic and poetic history. Leaving 
Albania, many carried away a piece of that country’s 
heart with them.

Dr. Vanya Shipochlieva, MD

Opening of the 11th Balkan Congress of 
Microbiology (Microbiologia Balkanica)

Participants of the Congress

Acad. Angel S. Galabov, Prof. Andi Koraqi, and 
young scientists – participants of the Congress

Scientists from the Stephan Angeloff Institute of 
Microbiology, Bulgarian Academy of Sciences 

participated in the work of the Congress
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