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Review

From Hildegard von Bingen to Evidence-Based Phytotherapy: 
Insight into Herbal Remedies for Infectious Diseases

Alexandra-Maria Nășcuțiu
“Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania

Abstract
Plants represent the oldest source of pharmacotherapy used by mankind. The medical use of plants 

strongly evolved over time, being integrated in cultural, philosophical, astrological or mystical systems. 
Several studies have shown correlations between modern herbal use and the claims provided by ancient 
European authors like the medieval abbess Hildegard von Bingen or the notorious English herbalist Nicho-
las Culpeper or by traditional systems (Arabic, Indian, Chinese). About 80% of the population living in the 
developing countries uses nowadays herbal medicine for treatment. In the developed countries, the current 
“bio” trend of replacing synthetic drugs with phytotherapy has led to a constant rise of the sales fi gures of 
herbal medicines. So far, only a few controlled clinical trials of antibacterial herbal medicines have been 
published, most of them being methodologically weak. Opening new horizons for the exploration of natu-
ral healing sources should be done from the perspectives of safety and effi cacy. There is an obvious need 
for standardization of materials, methods and measures for preparation, preservation and administration of 
herbal drugs. It is time for the fundamental principles and approaches of the traditional systems to acquire 
a solid scientifi c validation. The development of evidence-based phytotherapy will be of much help in the 
process of evolving from an ideological overestimation of the power of nature to a scientifi cally proved 
option for the treatment of many disorders, including infectious diseases.
Keywords: herbal remedies, evidence-based phytotherapy, reverse pharmacology. 

Резюме
Растенията са най-старият източник на фармакотерапия, използван от човечеството. Тяхното 

използване в медицината се е развило с течение на времето и е интегрирано в културни, философски, 
астрологически или мистични системи. Редица проучвания показват корелация между съвременната 
употреба на билки и твърденията на древните европейски автори като напр. средновековната игу-
менка Хилдегард фон Бинген и известния английски билкар Никола Кълпепер или традиционни-
те системи (арабски, индийски, китайски). Около 80% от населението, живеещо в развиващите се 
страни, днес използва билките за лечение. Настоящата “био” тенденция на замяна на синтетични 
лекарства с фитотерапия доведе до постоянно покачване на продажбите на билкови лекарства. До-
сега са публикувани само няколко контролирани клинични изпитвания на антибактериални билкови 
лекарства, повечето от които са методологически слаби. Откриването на нови хоризонти за изслед-
ване на природните лечебни източници трябва да се извършва от гледна точка на безопасността и 
ефикасността. Очевидна е необходимостта от стандартизация на материалите, методите и мерките 
за подготовка, съхранение и администриране на билкови лекарства. Време е фундаменталните прин-
ципи и подходи на традиционните системи да придобият солидна научна валидация. Развитието на 
фитотерапия, основана на доказателства, ще бъде от голяма полза в процеса на преминаване от иде-
ологическо надценяване на силата на природата до научно доказана възможност за лечение на много 
заболявания, включително инфекциозни.
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Ever since the birth of humankind, the history 
of human evolution has been continuously linked 
to the acquisition of knowledge regarding plants 
and their potential use as food, spices or medicine. 
In parallel with the advancements of conventional 
medicine, traditional medicine has been practiced 
all over the world, the medicinal plants being its 
backbone. In some societies traditional healing is 
regarded as the foundation of the healthcare system, 
while in others it just serves as a complement to it. 
About 80% of the population from the developing 
countries relies on traditional medicine, according 
to WHO estimates (Mukherjee and Wahile, 2006). 
The same organization describes traditional medi-
cine as “the sum total of the knowledge, skills, and 
practices based on the theories, beliefs, and experi-
ences indigenous to different cultures, whether ex-
plicable or not, used in the maintenance of health as 
well as in the prevention, diagnosis, improvement 
or treatment of physical and mental illness” (WHO, 
2000). In most of the cases, the empirical basis of 
the traditional healing systems can be extrapolat-
ed in robust theoretical knowledge. The traditional 
healers were (and still are) trusted members of the 
communities, capable of analyzing religious and 
cultural elements in the frame of the societies they 
lived in, and thus provide a holistic approach (Ou-
meish, 1998).

Phytotherapy is a concept that has developed 
over the centuries. Regarded by most as empiric, 
it has always been an evidence-based knowledge, 
proofs of its effectiveness being in close connection 
with the evolution of human beliefs and knowledge. 
Each period of evolution of humankind had its own 
landmarks and evaluation criteria: keen observation 
of the healing effects of different components of 
plants, correlations between the efficiency of plants 
and the astrological influences to which they were 
subjected, discovery of the chemical compounds 
involved in the pharmacological action.

Archeological evidence of the use of medic-
inal plants can be traced back to the Paleolithic. At 
the Iraqi Shanidar burial sites plants with therapeu-
tic potential have been found. There is still a debate 
whether the choice of these plants has been inten-
tional or incidental, but strong suspicions plead for 
the first (Lietava, 1992). Ötzi the Iceman’s body, 
aged about 5000 years, was discovered in the Alps, 
body frozen, with grains of einkorn and barley, 
seeds of flax and poppy and kernels of the black-
thorn tree around him (Heiss and Oeggl, 2008). 

The Sumerian clay tablets contain lists of 
medicinal plants used in Mesopotamia (myrrh 

and opium among them). The Ancient Egyptian 
Ebers Papyrus (around 1500 BC, during the reign 
of Amenhotep I) contains information on over 850 
plant medicines, including garlic, juniper, cannabis, 
castor bean, aloe, and mandrake. Besides, ancient 
Egyptian tombs have been discovered, with wall 
paintings or jars containing traces of herbs. Studies 
have shown that the ancient Egyptian healers did 
not limit their activity to the use of local, indige-
nous plants, but also to imported ones, mainly from 
Lebanon (Sutherland, 2006). 

Sanskrit writings such as the Rig Veda and 
Atharva Veda are some of the earliest available 
documents detailing the medical knowledge that 
formed the basis of the Ayurveda system. Ayurve-
da (literally “science of life”) is one of the world’s 
oldest whole-body healing system. Health was 
thought of as a prerequisite for the improvement of 
the human being (Mukherjee et al., 2017). In this 
system herbs have been seen as spiritual essence. 
The 6th century BC foundational text of Ayurveda, 
Sushruta Samhita, describes about 700 medicinal 
plants (Mukherjee and Wahile, 2006). The adepts of 
Ayurvedic medicine acknowledged the existence of 
three biological forces, or doshas: vata, pitta, kapha, 
which they linked to the five Hindu elements (earth, 
water, fire, air and ether or space). Plant collection 
relied on land and drug selection, cultivating meth-
od and collection time, all of these being highlight-
ed by the influences of the stars, planets, moon and 
sun. This botanical and philosophical system had 
a considerable influence on the medical thinking 
of neighbouring cultures in ancient times, as prov-
en by the translations of the Ayurvedic writings in 
several languages, like Greek, Persian, Arabic, Chi-
nese and Tibetan (Jaiswal et al., 2016). The British 
colonization of India in the 19th century brought in-
fluences from Western medicine, but also extended 
Ayurvedic knowledge by publications in English, 
Sanskrit and vernacular languages (Mukherjee et 
al., 2017). There have also been attempts to inter-
pret Ayurvedic writings in the light of the European 
medical theories (Gangadharan, 1982).

Chinese herbal medicine can claim a tradition 
of about 5000 years. Archaeological sites of Bronze 
Age China dating from the Shang Dynasty were 
rich in seeds likely used for herbalism. The main 
figure of this tradition is the divine farmer Shen-
nong, a mythological emperor. Legend says he was 
reputed for tasting hundreds of herbs per day and 
selecting those that were suitable as remedies. The 
Herbal Classic of Shennong (Shennong Ben Cao 
Jing) published around 500 AD, but with more an-
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cient roots, lists a series of 365 medicinal plants 
with healing virtues, among them plants that later 
on revolutionized medicine, like ephedra, hemp, 
and chaulmoogra. Throughout history, several Ben 
Cao (Chinese traditional medical texts) have left us 
records of Chinese knowledge of medicinal plants 
(Jaiswal et al., 2016). Constructed around the yin-
yang principle, Chinese philosophy of cure also re-
lies on the primordial qi theory (Sun et al., 2013). 
Qi is a Chinese concept that defines the vital force 
or energy that can be compared with the Aristote-
lian Western concept of vitalism. 

Ayurveda and Traditional Chinese Medicine 
are considered two of the most ancient systems of 
medicine, sharing several botanical formulations 
used for either similar or different therapeutic appli-
cations, as well as a similar philosophical approach 
concerning the human body as part of the universe.

Ancient Greeks and Romans largely contrib-
uted to the spread of knowledge concerning the 
herbs with healing properties. In the 4th century BC, 
Theophrastus was the artisan of the first systemati-
zation of the botanical world in his Historia Plan-
tarum. Much later, in the 3rd century BC, Diocles of 
Carystus, and in the 1st century BC, Krateuas, gath-
ered information on plants, considerably overlap-
ping with the Egyptian herbals. The pattern for the 
later Western medicine was due mostly to Hippo-
crates with his De herbis et curis and to Galen with 
Terapeutica and De simplicium medicamentorum 
facultatibus libris XI. The writings of Hippocrates 
also provided the early basis used by Dioscorides 
in order to achieve his unparalleled work, De Mate-
ria Medica, a compendium of more than 600 plants 
which has long been, well into the 17th century, the 
authoritative reference of herbalism and still re-
mains the core of the Western pharmacopoeia (de 
Vos, 2010; Alamgir, 2017). 

In Europe, Hippocrates’s theory of humors 
was highly accepted: illness was caused by an im-
balance of the four humors: blood, phlegm, black 
bile and yellow bile. He recommended specific di-
ets to help in the “cleansing of the putrefied juices”. 
This Hippocratic highly individualistic system of 
medicine retained its popularity mainly due to the 
writings of Galen. Paracelsus, who besides being 
a physician, was an alchemist very prone to sym-
bolic and esoteric thinking, proposed the doctrine 
of signatures, a holistic concept that pretended to 
be able to predict the therapeutic virtues of plants 
based on their attributes (shape, color, smell or 
taste). The main idea of this doctrine was rooted 
in folk medicine, but Paracelsus systematized it in 

conceptual opposition to the humoral pathology of 
Galen. It was through the works of Jacob Böhme, 
of Sir Thomas Browne or of the botanist William 
Coles that this doctrine was spread, and it empha-
sized the correspondence between macrocosm and 
microcosm. Today, the importance of this theory in 
traditional European herbal medicine is declining, 
though still present in the principles of homeopathy.

Arabic traditional medicine was much de-
veloped by Islamic scholars who expanded earlier 
knowledge and amplified its theoretical principles 
into a comprehensive system (AlRawi et al., 2017). 
It was interconnected with philosophy and influ-
enced by magic and religious beliefs, as well as by 
numerical and astrological symbolism (Oumeish, 
1998). Arab-Islamic medicine influenced Western 
medical circles, especially in the Mediterranean re-
gion, at such an extent that it became a foundation 
stone of herbal medicine in Europe (Saad and Said, 
2011). The Persian physician Avicenna, known as 
the most influential medical writer in the Middle 
Ages, was the author of the Canon of Medicine, 
which presents a clear and well organized summary 
of all the medical knowledge of the time, including 
a long list of drugs. Sir William Osler considered 
the Canon as “the most famous medical textbook 
ever written; a medical bible (sic!) for a longer time 
than any other work” (Mahdizadeh et al., 2015).

In the Middle Ages, while folk medicine was 
practiced in the small communities, either by wise 
persons from inside the community, or by wan-
dering herbalists, while remedies were often pre-
scribed along with spells and enchantments, a fact 
that frequently brought accusations of witchcraft, 
an important source of medical knowledge came 
from the Benedictine monasteries, where efforts 
were focused on copying, translating and compil-
ing ancient manuscripts. Meantime, there was a tra-
dition of “healing gardens” that provided the raw 
materials for treatment of common diseases, as well 
as a place for soul balancing. The most prolific rep-
resentative of these monasteries was the 12th centu-
ry abbess Hildegard von Bingen, nowadays consid-
ered a leading light of medieval learning. This mul-
tifaceted abbess - physician, philosopher, naturalist, 
composer, poet, author and linguist - left us a series 
of works, mainly in Latin (the visionary language 
of initiated people), related to the natural world and 
to herbal remedies. Two of Hildegard von Bingen’s 
medical writings - Physica and Causae et Curae - 
detailed health problems to which she offered vari-
ous treatments (more than 400 claims of health ben-
efits from 175 different plants). A scientific study 
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using modern statistical approaches suggests that 
Hildegard’s herbal remedies were far more correct 
than what could be explained by mere chance (Ue-
hleke et al., 2012). 

Starting with the 15th century, humanity ex-
perienced “the great age of herbals”, with most of 
the written productions available in English or oth-
er national languages rather than Latin and Greek. 
The first herbal to be published in English was the 
anonymous Grete Herball of 1526, followed by 
Gerard’s Herball (a pirated translation of a book 
by the Belgian herbalist Dodoens, faultily matched 
with illustrations from a German botanical work) 
and that of Nicholas Culpeper. Culpeper’s blend 
of traditional medicine with astrology, magic, and 
folklore was mocked by the physicians of his day, 
yet his book - like Gerard’s and other herbals - en-
joyed phenomenal popularity. Besides, Culpeper, 
in his quest for gaining popularity and for fighting 
against the medical establishment of his time, start-
ed making medical knowledge more accessible to 
healers, by first writing his own texts in English and 
by translating in English books written in Latin. He 
was among the adepts of the theory of signatures.

Contemporary to Culpeper, the most promi-
nent herbalist figure from the Romanian territories 
was Ion Căianu (Kajoni Janos, Ioannes Caioni, 
1629-1687) a Transylvanian Franciscan monk, who 
wrote an Herbarium Terrae Transylvaniae, annex 
to the Hortus Sanitatis Venetis (1511). His healing 
garden is still to be found in his native village.

The age of exploration and the Columbian 
exchange introduced new medicinal plants to Eu-
rope, together with written documents indicating 
their potential use. The Badianus Manuscript is 
considered America’s Earliest Medical Book. This 
illustrated Aztec herbal was brought to Europe by 
the Spanish conquerors, who were very impressed 
by the medical skills of the Indians. Genuinely Az-
tec, the manuscript was not influenced by European 
knowledge. It was written by an Indian physician 
in Aztec, then translated into Latin, in 1552. When 
no Latin equivalents were available for most plant 
names, the original Aztec names were kept, along 
with color illustrations helpful in identifying the 
plants (Walcott Emmart, 1940). 

From Hildegard von Bingen to Culpeper, bot-
any was very much thought to be under the influence 
of astrology. Plants and humans were governed by 
planets. Planets exerted their effect on plants and 
their medicinal properties. A strong relationship has 
been described between planetary movements and 
biological activities. Astrology helped building a 

holistic approach. The use of medicinal astrological 
principles was helpful by the time, by selecting the 
appropriate herb for the precise ailment. The devel-
oping tradition of Astrology and alchemy (esoter-
ism) brought up the theory that each plant had its 
own, unique embodiment of planetary forces. 

The use of herbal remedies in the Antiqui-
ty, Middle Ages, Renaissance or 19th century was 
performed according to observation or experience. 
Tradition was rooted in practice. The remedies 
worked for generation after generation despite so-
cial and cultural changes in medical theory. “The 
how and the why” was less important than the fact 
that they worked. Largely accepted until the begin-
ning of the 20th century, medicinal plants have been 
confronted in the past century with what was called 
“The great U turn”: a gradual decrease in their use 
during the Second World War and three decades af-
ter, a re-evaluation of the use of herbs in medicine 
in the 70s and the 80s, followed by the recognition 
of their therapeutic virtues and their slow re-inte-
gration and, finally, acceptance, their re-emergence 
being thought of as an attractive option (Fig. 1). 
This U-turn can be explained by the modern “evi-
dence-based” philosophy of medicine that made its 
way in clinical practice. A shift took place, from the 
magical/shamanic or energetic approaches, to the 
functional dynamic and chemical ones. 

Fig. 1. The great U-turn of medicinal herbs 

Modern evidence-based phytotherapy is a 
very complex field which deals with the explora-
tion of the pharmacological properties of medici-
nal plants through very thorough research projects, 
including gathering of worldwide data in reviews 
and monographs as well as clinical studies. In order 
to obtain reliable, reproducible, standardized evi-
dence-based information, phytocompounds have to 
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be identified and their metabolites analyzed. Stud-
ies should focus on the several types of activities 
exhibited by these metabolites. 

Ancient texts, European or Ayurvedic, de-
scribing thousands of single or poly-herbal for-
mulations which have been in therapeutic use for 
a long time are of course precious sources of in-
formation for modern pharmacology. Yet, pharma-
co-epidemiological evidence must be generated 
to support both their efficacy and safety. In time, 
nomenclature, cultivation conditions and ways of 
processing of plants have changed, so re-evaluation 
is necessary (Brand, 2014).

Drug discovery and development need not 
always be confined to new molecular entities. Re-
verse pharmacology, a novel, promising approach 
to herbal drug development, can fast-track drug de-
velopment by selecting herbs that are already used 
in traditional healing systems and also offer a smart 
strategy for the development of rational synergistic 
botanical formulations. Rationally designed, care-
fully standardized, these drugs can be further evalu-
ated using both exploratory clinical studies and ex-
perimental studies in order to offer explanations for 
the mechanisms that lead to their clinical activity 
(Patwardhan and Mashelkar, 2009). 

In terms of safety, the toxicity of phytocom-
pounds has to be very carefully assessed. Prolonged 
and apparently safe use of herbs has often been 
considered as evident, which has led to the neglect 
of safety assessment. As evidence of the toxicity of 
some herbal products has accumulated over time, 
it is important to develop this research field. There 
is an obvious need for standardization of materi-
als, methods and measures for preparation, preser-
vation, presentation and administration of herbal 
drugs.

Nowadays, conventional medicine can no 
longer ignore herbal medicine, even if the modern 
solid knowledge about it is still scarce if not, in 
some cases, non-existent. In the developed coun-
tries, the current “bio” trend of replacing synthetic 
drugs with phytotherapy has led to a constant rise 
of the sales figures of herbal medicines. There is 
also a growing interest in the use of herbal medi-
cines as multi-component agents to modulate the 
immune system. Research has to be pursued, with 
regard to potential for healing, rather than profit (de 
Vos, 2010).

In the light of this new evidence-based con-
cept, clinical up-to-date studies are compulsory, in 
order to assess the efficacy or the safety of herbal 
remedies (Rees, 2001). So far, only a few controlled 

clinical trials of antibacterial herbal medicines have 
been published, most of them being methodolog-
ically weak. It is nevertheless time for the funda-
mental principles and approaches of the tradition-
al systems to acquire a solid scientific validation, 
based on the standards of modern pharmacology 
and bioethics. The development of evidence-based 
phytotherapy will be of much help in the process of 
evolving from an ideological overestimation of the 
power of nature to a scientifically proved option for 
the treatment of many disorders, including infec-
tious diseases. 

Tables 1 and 2 show ancient-modern con-
cordance with respect to plant effectiveness in the 
healing of several conditions. Table 1 emphasiz-
es “lucky strikes”: ancient herbs described along 
history for specific ailments with modern evi-
dence-based pharmacological action. In Table 2 
herbs are presented under their planetary ruler, as 
described in the time of Hildegard for Bingen or 
of Culpeper. Modern studies have almost forgotten 
the astrological influence on plants, focusing main-
ly on the phytocompounds and their mechanisms 
of action. Nevertheless, ruled or not by planets, the 
biological action of the plants seems to be consist-
ent in time.

Laboratory and clinical evaluation of herbs 
and their active principles are on their way. So far, 
the research results have been very heterogeneous, 
due to lack of regulations in this field. New ap-
proaches are needed.

The first decade of this millennium was sur-
prisingly poor in trials, and when these trials were 
performed they showed obvious signs of weak-
ness and lacked randomization. The second dec-
ade of this century has been much more fruitful in 
achievements in the field, with clinical studies of 
the efficacy of several plant extracts. Table 3 states 
just a few examples, selected from literature, of 
promising results regarding the use of bioactive 
herbal compounds in the treatment of problemat-
ic infectious diseases, mainly due to drug-resistant 
bacteria. The aim of all these studies is to contribute 
to the process of combating microbial resistance, 
by switching from phytocompounds to phytodrugs.

To conclude, traditional medical thinking 
worldwide was the starting point for modern phar-
macology. Herbs and medical recipes recorded in 
the past are worth being carefully studied, and re-
search into the bioactive compounds of the most 
prominent herbal substances of the different phar-
macopoeias conducted. A cross-cultural ethnop-
harmacological database, if achieved, could link 
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Plant/Herb
Ebers Papyrus, 
cca. 1550 BC

(Sutherland, 2016)
Nicholas Culpeper (1653) 

(Culpeper, 1995)

Evidence-based 
medicine (21st 

century literature 
reference)

Aloe 
(Aloe vera) 

Burns, ulcers, skin 
diseases, allergies

Hot in the 2nd degree, and dry in the 
3rd; heals wounds, closes up old ulcers, 
good against inflammation, hurts, cures 
sore mouths, sore gums, sore throat 

Gupta and 
Malhotra, 2012

Bayberry 
(Myriaceae)

Diarrhea, hemorrhoids, 
ulcers 

Takes away the marks of the skin and 
flesh; good for pains in the bowel from 
wind and cold griefs of the stomach

Silva et al., 2015.

Carraway, 
fennel, cumin 
(Carum carvi)

Soothed digestion, 
breath freshener

Emenagogue, carminative, diuretic (hot 
3rd degree, dry 1st degree) Sachan et al., 2016.

Dill 
(Anethum 
graveolens)

Laxative and diuretic 
properties

Warms or dissolves humors and 
imposthumes, stays the belly and 
stomach from casting

Altameme et al., 
2017.

Fenugreek 
(Trigonella 
foenum-
graecum L.)

Respiratory disorders; 
stomach cleansing, 
calming of liver and 
pancreas

Heat and dry in the 1st degree, helps 
suppure. Thomas, 2006.

Frankincense 
(Boswellia)

Infections of throat, 
larynx; stops bleeding 
and vomiting

Heats and binds, fills up old ulcers and 
flesh, stops bleeding

Al-Yasiry and 
Kiczorowska, 
2016.

Liquorice 
(Glycyrrhiza 
glabra)

Mild laxative, expels 
phlegm, and alleviates 
chest and breathing 
problems

Soothes respiration (hot & moist 1st 
degree)

Wang et al., 2015.

Onion 
(Allium cepa)

Prevents colds and 
addresses problems of 
the heart

Helps an inveterate cough and 
expectorates the tough phlegm

Teshika et al., 
2018. 

Parsley 
(Petroselinum 
crispum)

Diuretic
Good for cuts; diuretic, carminative, 
opens obstruc-tions (hot and dry 2nd 
degree)

Agyare et al., 2017. 

Thyme 
(Thymus) Pain reliever Purges the body of phlegm; eases pain Dauqan and 

Abdullah, 2017.

Table 1. Examples of ancient – modern concordance in the use of herbals for alleviating / treating symp-
toms of infectious diseases
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Table 2. Medieval herbs, by planetary ruler, used for treating fever, skin, intestinal or respiratory disorders, 
for which modern pharmacological studies revealed concordant anti-bacterial, anti-inflammatory and an-
ti-oxidant effects

Planetary 
ruler Plant Clinical destination Modern evidence-based 

references

Mars

Garlic 
(Allium sativum)

Abscesses, skin disorders 
with pus Kyung, 2012 

Barberry (Berberis) Dysentery Joshi et al., 2011
Monk’s rhubarb (Rhumex 
alpinus) Diarrhoea, dysentery Ozturk and Ozturk, 2007

Jupiter

Cinquefoil (Potentilla) Abscesses, skin disorders 
with pus; diarrhoea Tomczyk and Latte, 2009

Water agrimony (Bidens 
tripartite)

Abscesses, skin disorders 
with pus Al-Snafi, 2015

Dandelion (Taraxacum) Abscesses, skin disorders 
with pus Qian et al., 2014

Sage 
(Salvia officinalis)

Abscesses, skin disorders 
with pus

Ghorbani and 
Esmaeilizadeh, 2017

Gilliflower (Dianthus 
caryophyllus) Fever Al-Snafi, 2017 

Saturn

Oats 
(Avena sativa)

Abscesses, skin disorders 
with pus Perrelli et al., 2018

Fleawort (Plantago) Abscesses, skin disorders 
with pus Adom et al., 2017

Flaxseed (Linum usitatissimum) Diarrhoea Palla et al., 2015
Hemp 
(Cannabis sativa) Diarrhoea Hasenoehrl et al., 2017

Moon Chickweed (Stellaria media) Abscesses, skin disorders 
with pus

Bae et al., 2018 

Mercury

Dill (Anethum graveolens) Abscesses, skin disorders 
with pus; diarrhoea Altameme et al., 2017

Scabious (Scabiosa arenaria) Abscesses, skin disorders 
with pus

Besbes Hlila et al., 2016

Clover 
(Trifolium)

Abscesses, skin disorders 
with pus Renda et al., 2013

Liquorice (Glycyrrhiza glabra) Upper respiratory tract 
infections Kuang et al., 2018

Venus

Winter cherry (Withania 
somnifera)

Abscesses, skin disorders 
with pus Dar et al., 2016

Mallow (Malva) Abscesses, skin disorders 
with pus Gurbuz et al., 2018

Sorrel 
(Rumex acetosa)

Abscesses, skin disorders 
with pus Orbán-Gyapai et al., 2017

Sanicle (Sanicula europaea) Respiratory disorders Karagöz et al.,1999
Violet (Viola) Fever Khan et al., 2017
Plantain 
(Plantago major) Diarrhoea Neamsuvan and Ruangrit, 

2017

Sun

Mistletoe 
(Viscum album)

Abscesses, skin disorders 
with pus

Nazaruk and Orlikowski, 
2015 

Tormentil (Potentilla erecta) Diarrhea and dysentery Triantafillidis et al., 2016
Marigold (Tagetes) Fever Salehi et al., 2018
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Herb Traditional use Reference
Clinical study 
description / 

reference
Outcome

Rhizoma 
Anemarrhenae 
(Shen nong)

Nourishes the yin 
and checks virtual 
fire; acts on the 
kidney meridian. 

http://www.shen-
nong.com

Zhang, 2013
Chinese clinical 
study was 
performed on 
patients with 
recurrent UTIs 
with pandrug 
resistant strains 
refractory to 
Western medicine 
treatment.

The study results 
were considered 
excellent, in terms 
of significant 
symptomatic 
relief, lower 
recurrence 
rate, and lack 
of side-effects 
when compared 
with antibiotic 
treatment. Further 
research will 
have to select the 
precise metabolites 
responsible for 
these actions 
and study them 
thoroughly.

Cortex 
Phellodendri 
Chinensis (Huáng 
bǎi) 

Clears heat and 
dries dampness, 
drains fire and 
resolves toxins

Flaws, 1999

Angelica sinensis 
(Dong Quai) 

Tonifies the 
qi, releases the 
exterior wind cold

https://theory.
yinyanghouse.com

Rehmannia 
glutinosa Libosch 
(Sheng Di huang)

Nourishes the yin, 
cools the blood

https://theory.
yinyanghouse.com

Wolfiporia cocos 
(China root, fu ling) Drains dampness https://theory.

yinyanghouse.com
Salvia miltiorrhiza 
(red sage, dan shen) Invigorates Blood https://theory.

yinyanghouse.com
Rheum 
rhabarbarum 
(Rhubarb, 
Dàhuáng) 

Drains downward https://theory.
yinyanghouse.com

Polygonum 
aviculare L. 
(knotgrass, bian 
xu), 

Influences 
the bladder, 
by clearing 
damp-heat 
and promoting 
urination.

http://www.shen-
nong.com

Dianthus superbus 
(qu mai)

Influences 
the bladder, 
by clearing 
damp-heat 
and promoting 
urination.

http://www.shen-
nong.com

Talcum (sacred 
lotus, hua shi)

Promotes urination 
and drains heat 
from the bladder 

http://www.shen-
nong.com

Table 3. Selection of clinical studies testing the efficacy of herbs in severe infectious diseases

past to present and facilitate an up-to-date analysis 
using modern technologies and modern approach-
es. Exploration of worldwide herbal medicines 
with modern scientific validation might illustrate 
a “from tradition to trend” approach. Herbal medi-
cine is one of the facets of unconventional alterna-

tive integrative medicine. Its philosophical, cultural 
and historical aspects make it pretty much part of 
the art of healing. And, after all, in a very pragmat-
ic century, connecting once again with plants and 
planets might possibly help us better understand the 
ways of the world.
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Commiphora 
molmol (myrrh, 
oleo-gum resins) 

Heating, soporific, 
agglutinative, 
desiccative 
and astringent 
properties. Helps 
with chronic 
cough, pain of the 
side and chest. 
Used for healing 
wounds, including 
bone wounds, 
facial eruptions 
and afflictions of 
the ear. 

(de Vos, 2010). Abdallah et al., 
2009

Several 
phytocompounds 
showed good 
in vitro activity 
against methicillin-
resistant 
Staphylococcus 
aureus (MRSA) 
strains.

Boswellia 
papyrifera 
(frankincense, oleo-
gum resins )

Febrifuge, treats 
leprosy. Its resin 
is ten times more 
potent than that of 
related species. 

Fitchl and Admasu, 
1994. Tucker, 1986

Abdallah et al., 
2009

Tabernaemontana 
alternifolia 
(stem-bark)

Used to treat skin 
diseases. Duraipandiyan et 

al., 2006
Marathe et al., 
2013

Piper betle (betel) 
leaves 

Cool leaf, relieves 
hot illnesses, heals 
wounds 

Ahuja and Ahuja, 
2011

Valle Jr. et al., 
2015

Flos lonicerae 
(Jin yin hua), 

Clears heat and 
relieves toxicity

http://www.shen-
nong.com Cai et al., 2017

Testing for the 
effectiveness of 
Chinese herbal 
medicines 
combined with 
antibiotics in 
treating infections 
due to extensively 
drug-resistant 
strains (XDR) 
of Pseudomonas 
aeruginosa, 
Acinetobacter 
baumannii, 
Klebsiella 
pneumoniae or 
Escherichia coli.

Herbal medicines 
combined with 
antibiotics 
achieved more 
desirable 
effectiveness 
in treating 
infections due to 
extensively drug-
resistant bacteria 
(XDR) compared 
with antibiotic 
monotherapy. 
The outcome was 
more desirable 
in improving 
the temperature, 
WBC count and 
neutrophil level.

Radix Angelicae 
Sinensis (Dang 
gui),

Tonifies blood http://www.shen-
nong.com

Radix Astragali seu 
Hedysari (Huang 
qi),

Tonifies qi http://www.shen-
nong.com

Radix Paeoniae 
Rubra (Chi shao), Invigorates blood http://www.shen-

nong.com
Radix Rehmanniae 
Recens (Sheng di 
huang)

Cools the blood http://www.shen-
nong.com

Fructus Gardeniae 
(Zhi zi) Drains fire http://www.shen-

nong.com

Azorella compacta, 
Used to treat colds 
and pains, asthma 
or bronchitis

Wickens, 1995

Gupta  et al., 
2017
Testing of in vitro 
activity against 
M. tuberculosis 
multi drug-
resistant (MDR) 
strains

Phytomolecules 
acting 
synergistically 
with standard 
anti-TB drugs 
may enhance the 
bactericidal action 
of current anti-TB 
drugs at a lower 
concentration. 

Citrullus 
colocynthis, 

Used to treat 
asthma and 
bronchitis. 

Hussain et al., 2014

Curcuma longa, 
Used for treating 
cough (including 
whooping cough), 

Gupta SC, 2017, 
Lelli et al., 2017 

Justicia adhatoda, 
(Malabar nut)

Used to treat dry 
cough, hoarseness 
and laryngeal 
pain, paroxysmal 
cough, severe 
dyspnea, bronchial 
catarrh. 

Patil, 2005

Larrea tridentate 
(creosote bush)

Used to treat 
common cold and 
fever

Navarro et al., 1996



203

References
Abdallah, E. M., A. S. Khalid, N. Ibrahim (2009). Antibacteri-

al activity of oleo-gum resins of Commiphora molmol and 
Boswellia papyrifera against methicillin resistant Staph-
ylococcus aureus (MRSA). Sci. Res. Essay. 4: 351-356.

Adom, M. B., M. Taher, M. F. Mutalabisin, M. S. Amri, M. 
B. Abdul Kudos, M. W. A. Wan Sulaiman, P. Sengupta, D. 
Susanti (2017). Chemical constituents and medical bene-
fits of Plantago major. Biomed. Pharmacother. 96: 348-
360. 

Agyare, C., T. A. Agana,Y. D. Boakye, J. A. Apenteng (2017). 
Petroselinum crispum: a Review. In Kuete R (ed.), Me-
dicinal Spices and Vegetables from Africa, 1st ed., 2017, 
Elsevier, pp. 527-547. 

Ahuja, S. C., U. Ahuja (2011). Betel leaf and betel nut in ln-
dia: history and uses. Asian Agri-History 15: 13-35.

Alamgir, A. N. M. (2017). Therapeutic Use of Medicinal 
Plants and Their Extracts: Volume 1, Pharmacognosy, 
Springer International Publishing, pp. 38-40. 

AlRawi, S. N., A. Khidir, M. S. Elnashar, H. A. Abdelrahim, 
A. K. Killawi, M. M. Hammoud, M. D. Fetters (2017). 
Traditional Arabic & Islamic medicine: validation and 
empirical assessment of a conceptual model in Qatar, 
BMC Complement. Altern. Med. 17: 157.

Al-Snafi, A. E. (2015). Chemical constituents and pharma-
cological importance of Bidens tripartitus - a review. J. 
Pharm. Sci. Res. 5: 257-263.

Al-Snafi, A. E. (2017). Chemical contents and medical im-
portance of Dianthus caryophyllus - A review. IOSR J. 
Pharm. 7: 61-71.

Altameme, H. J., I. H. Hameed, L. Fadhil (2017). Anethum 
graveolens: physicochemical properties, medicinal uses, 
antimicrobial effects, antioxidant effect, anti-inflammato-
ry and analgesic effects: A Review. Intl. J. Pharm. Qual. 
Ass. 8: 88-91. 

Al-Yasiri, A. R., B. Kiczorowska (2016). Frankincense-thera-
peutic properties. Postepy. Hig. Med. Dosw. 70: 380-391. 

Bae, S. J., J. W. Choi, B. J. Park, J. Lee, E. K. Jo, Y. H. Lee, S. 
B. Kim, J. M. Yuk (2018). Protective effects of a tradition-
al herbal extract from Stellaria dichotoma var. lanceolata 
against Mycobacterium abscessus infections. PLoS One 
13: e0207696.

Besbes Hlila, M., H. Mosbah, K. Majouli, A. Ben Nejma, 
H. Ben Jannet, M. Mastouri, M. Aouni, B. Selmi (2016). 
Antimicrobial activity of Scabiosa arenaria Forssk. Ex-
tracts and pure compounds using bioguided fractionation. 
Chem. Biodivers. 13: 1262-1272.

Brand, E. (2014). Changes in herbal medicines from ancient 
times to the present. Acupuncture Today 15, Article ID: 
32908. 

Cai, Y., Q. Zhang, Y. Fu, L. Li, N. Zhao, A. Lu, Q. Liu, M. 
Jiang (2017). Effectiveness of Chinese herbal medicine 
combined with Antibiotics for extensively drug-resistant 
Enterobacteria and Nonfermentative bacteria infection: 
Real-life experience in a retrospective cohort. Biomed. 
Res. Int. Article ID 2897045. 

Culpeper’s Complete Herbal. A list of natural remedies for 
ancient ills. Wordsworth Editions Ltd., 1995.

Darр, P. A., L. R. Singh, M. A. Kamal, T. A. Dar (2016). 
Unique medicinal properties of Withania somnifera: phy-
tochemical constituents and protein component. Curr. 

Pharm. Des. 22: 535-540. 
Dauqan, E. M. A., A. Abdullah (2017). Medicinal and func-

tional values of thyme (Thymus vulgaris L.) herb. J. Appl. 
Biol. Biotechnol. 5: 017-022.

de Vos, P. (2010). European materia medica in historical texts: 
longevity of a tradition and implications for future use. J. 
Ethnopharmacol. 132: 28-47. 

Duraipandiyan, V., M. Ayyanar, S. Ignacimuthu (2006). Anti-
microbial activity of some ethnomedicinal plants used by 
Paliyar tribe from Tamil Nadu, India. BMC Complement. 
Altern. Med. 6: 35.

Fitchl, R., A. Admasu (1994). Honeybee Flora of Ethiopia. 
Margraf Verlag, Weikersheim, Germany, 510 p.

Flaws, B. (1999). 260 Essential Chinese Medicine, 1st Ed., 
Blue Poppy Press. 

Gangadharan, N. (1982). The State of Ayurveda in the eigh-
teenth and nineteenth centuries. Indian J. Hist. Sci. 17: 
154-163. 

Ghorbani, A., M. Esmaeilizadeh (2017). Pharmacological 
properties of Salvia officinalis and its components. J. Tra-
dit. Complement. Med. 7: 433-440. 

Gupta, S. C., A. B. Kunnumakkara, B. B. Aggarwal (2017). 
Curcumin, the Holistic Avant-Garde. In: Innovative Ap-
proaches in Drug Discovery. Ethnopharmacology, Sys-
tems Biology and Holistic Targeting, Patwardhan B. and 
Chaguturu R. (eds.) pp. 343-349.

Gupta, V. K., M. M. Kumar, D. Bisht, A. Kaushik (2017). 
Plants in our combating strategies against Mycobacterium 
tuberculosis: progress made and obstacles met. Pharm. 
Biol. 55: 1536-1544.

Gupta, V. K., S. Malhotra (2012). Pharmacological attribute 
of Aloe vera: Revalidation through experimental and clin-
ical studies. Ayu 33: 193-196. 

Gurbuz, I., B. Ozcelik, T. Gunbatan, E. K. Akkol, M. Sahinoz, 
G. Akaydin (2018). Antibacterial, antifungal and enzyme 
inhibitory effects of selected plants from Turkey. Pak. J. 
Pharm. Sci. 31: 2471-2476.

Hasenoehrl, C., M. Storr, R. Schicho (2017). Cannabinoids 
for treating inflammatory bowel diseases: where are we 
and where do we go? Expert Rev. Gastroenterol. Hepatol. 
11: 329-337.

Heiss, A. G., K. Oeggl (2008). The plant macro-remains from 
the Iceman site (Tisenjoch, Italian-Austrian border, east-
ern Alps): new results on the glacier mummy’s environ-
ment. Veget. Hist. Archaeobot. 18: 23-35. 

http://www.shen-nong.com/eng/herbal
https://theory.yinyanghouse.com/ - Chinese Herbs and Herbal 

Formulas
Hussain, A. I., H. A. Rathore, M. Z. A. Sattar, S. A. S. Chatha, 

S. D. Sarker, A. H. Gilani (2014). Citrullus colocynthis 
(L.) Schrad (bitter apple fruit): A review of its phytochem-
istry, pharmacology, traditional uses and nutritional poten-
tial. J. Ethnopharmacol. 155: 54-66.

Jaiswal, Y., Z. Liang, Z. Zhao (2016). Botanical drugs in 
Ayurveda and traditional Chinese medicine. J. Ethnophar-
macol. 194: 245-259. 

Joshi, P. V., A. A. Shirkhedkar, K. Prakash, V. L. Maheshwari 
(2011). Antidiarrheal activity, chemical and toxicity pro-
file of Berberis aristata. Pharm. Biol. 49: 94-100.

Karagöz, A., N. Arda, N. Gören, K, Nagata, A. Kuru (1999). 
Antiviral activity of Sanicula europaea L. extracts on 
multiplication of human parainfluenza virus type 2. Phy-



204

tother. Res. 13: 436-438.
Khan, M. S., A. Hamid, M. Akram, S. B. Mustafa, A. Sami, S. 

M. A. Shah, K. Usmanghani (2017). Antipyretic potential 
of herbal coded formulation (Pyrexol). Pak. J. Pharm. Sci. 
30: 195-198.

Kuang, Y., L. Bin, J. Fan, X. Qiao, M. Ye (2018). Antitussive 
and expectorant activities of licorice and its major com-
pounds. Bioorg. Med. Chem. 26: 278-284.

Kyung, K. H. (2012). Antimicrobial properties of allium 
species. Curr. Opin. Biotechnol. 23: 142-147.

Lelli, D., A. Sahebkar, T. P. Johnston, C. Pedone (2017). Cur-
cumin use in pulmonary diseases: State of the art and fu-
ture perspectives. Pharmacol. Res. 115: 133-148.

Lietava, J. (1992). Medicinal plants in a Middle Paleolithic 
grave Shanidar IIV? J. Ethnopharmacol. 35: 263-266.

Mahdizadeh, S., M. K. Ghadiri, A. Gorji (2015). Avicenna’s 
canon of medicine: a review of analgesics and anti-inflam-
matory substances. Avicenna J. Phytomed. 5: 182-202.

Marathe, N. P., M. H. Rasane, H. Kumar, A. A. Patwardhan, 
Y. S. Shouche, S. S. Diwanay (2013). In vitro antibacterial 
activity of Tabernaemontana alternifolia (Roxb) stem 
bark aqueous extracts against clinical isolates of methicil-
lin resistant Staphylococcus aureus. Ann. Clin. Microbiol. 
Antimicrob. 12: 26.

Mukherjee, P. K., A. Wahile (2006). Integrated approaches to-
wards drug development from Ayurveda and other Indian 
system of medicines. J. Ethnopharmacol. 103: 25-35.

Mukherjee, P. K., R. K. Harwansh, S. Bahadur, S. Baner-
jee, A. Kar, J. Chanda, S. Biswas, S. M. Ahmmed, C. K. 
Katiyar (2017). Development of Ayurveda - tradition to 
trend. J. Ethnopharmacol. 197: 10-24. 

Navarro, V., M. L.Villarreal, G. Rojas, X. Lozoya (1996). An-
timicrobial evaluation of some plants used in Mexican tra-
ditional medicine for the treatment of infectious diseases. 
J. Ethnopharmacol. 53: 143-147. 

Nazaruk, J., P. Orlikowski (2015). Phytochemical profile and 
therapeutic potential of Viscum album L. Nat. Prod. Res. 
30: 373-385. 

Neamsuvan, O., T. Ruangrit (2017). A survey of herbal weeds 
that are used to treat gastrointestinal disorders from south-
ern Thailand: Krabi and Songkhla provinces. J. Ethno-
pharmacol. 196: 84-93. 

Orbán-Gyapai, O., E. Liktor-Busa, N. Kúsz, D. Stefkó, E. Ur-
bán, J. Hohmann, A. Vasas (2017). Antibacterial screen-
ing of Rumex species native to the Carpathian Basin and 
bioactivity-guided isolation of compounds from Rumex 
aquaticus. Fitoterapia 118: 101-106. 

Oumeish, O. Y. (1998). The philosophical, cultural, and his-
torical aspects of complementary, alternative, unconven-
tional, and integrative medicine in the old world. Arch. 
Dermatol. 134: 1373-1386.

Ozturk, S., A. Ozturk (2007). Antibacterial Activity of Aque-
ous and Methanol Extracts of Rumexalpinus and Rumex-
caucasicus. Pharm. Biol. 45: 83-87.

Palla, A. H, N. A. Khan, S. Bashir, N. Ur-Rehman, J. Iqbal, A. 
H. Gilani (2015). Pharmacological basis for the medicinal 
use of Linum usitatissimum (Flaxseed) in infectious and 
non-infectious diarrhea. J. Ethnopharmacol. 160: 61-68.

Patil, J. D. (2005). Textbook of Applied Materia Medica, B. 
Jain Publishers, Delhi, India.

Patwardhan, B., R. A. Mashelkar (2009). Traditional medi-
cine-inspired approaches to drug discovery: can Ayurveda 

show the way forward? Drug Discov. Today 14: 804-811. 
Perrelli, A., L. Goitre, A. M. Salzano, A. Moglia, A. Scaloni, 

S. F. Retta (2018). Biological activities, health benefits, 
and therapeutic properties of Avenanthramides: from skin 
protection to prevention and treatment of cerebrovascular 
diseases. Oxid. Med. Cell. Longev. Article ID 6015351.

Qian, L., Y. Zhou, Z. Teng, C. L. Du, C. Tian (2014). Prepara-
tion and antibacterial activity of oligosaccharides derived 
from dandelion. Intl. J. Biol. Macromol. 64: 392-394.

Rees, L. (2001). Integrated medicine. BMJ 322: 119-120. 
Renda, G., F. N. Yalçın, E. Nemutlu, E. K. Akkol, I. Süntar, 

H. Keleş, H. Ina, I. Çalış, T. Ersöz (2013). Comparative 
assessment of dermal wound healing potentials of various 
Trifolium L. extracts and determination of their isoflavone 
contents as potential active ingredients. J. Ethnopharma-
col. 148: 423-432. 

Saad, B., O. Said (2011). Greco-Arab and Islamic Herbal 
Medicine: Traditional System, Ethics, Safety, Efficacy, 
and Regulatory Issues, Wiley.

Sachan, A. K. R., D. R. Das, M. Kumar (2016). Carum carvi 
- an important medicinal plant. J. Chem. Pharm. Res. 8: 
529-533.

Salehi, B., M. Valussi, M. F. Bezerra Morais-Braga, J. N. 
Pereira Carneiro, A. L. A. B. Leal, H. D. Melo Coutinho, 
S. Vitalini, D. Kręgiel, H. Antolak, M. Sharifi-Rad, N. C. 
Cirone Silva, Z. Yousaf, M. Martorell, M. Iriti, S. Carra-
dori, J. Sharifi-Rad (2018). Tagetes spp. essential oils and 
other extracts: chemical characterization and biological 
activity. Molecules 23: E2847.

Silva, B. J. C., A. M. L. Seca, M. do Carmo Barreto, D. C. G. 
A. Pinto (2015). Recent breaktroughs in the antioxidant 
and anti-inflammatory effects of Morella and Myrica spe-
cies. Int. J. Mol. Sci. 16: 17160-17180.

Sun, D.-Z., S.-D. Li, Y. Liu, Y. Zhang, R. Mei, M.-H. Yang 
(2013). Differences in the origin of philosophy between 
Chinese medicine and western medicine: exploration of 
the holistic advantages of Chinese medicine. Chin. J. Inte-
gr. Med. 19: 706-711.

Sutherland, A. (2016). The Ebers Papyrus - Most Famous 
Plant Medicine “Encyclopedia” Of Ancient Egypt, on 
http://www.ancientpages.com/2016/02/03/

Teshika, J. D., A. M. Zakariyyah, T. Zaynab, G. Zengin, K. 
R. Rengasamy, S. K. Pandian, M. M. Fawzi (2018). Tra-
ditional and modern uses of onion bulb (Allium cepa L.): 
A systematic review. Crit. Rev. Food Sci. Nutr. 58: 1-75. 

Thomas, J. E. (2006). Identification of Trigonella foenum 
graecum antimicrobial activity. Can. J. Plant Sci. 86: 727-
732.

Tomczyk M., K. P. Latté (2009). Potentilla - A review of its 
phytochemical and pharmacological profile, J. Ethnop-
harmacol. 122: 184-204. 

Triantafillidis, J. K., A. Triantafyllidi, C. Vagianos, A. Papa-
lois (2016). Favorable results from the use of herbal and 
plant products in inflammatory bowel disease: evidence 
from experimental animal studies. Ann. Gastroenterol. 29: 
268-281.

Tucker, A. (1986). Frankincense and myrrh. Econ. Bot. 40: 
425-433. 

Uehleke, B., W. Hopfenmueller, R. Stange, R. Saller (2012). 
Are the correct herbal claims by Hildegard von Bingen 
only lucky strikes? A new statistical approach. Forsch. 
Komplementmed. 19: 187-190. 



205

Valle Jr., D. L., J. I. Andrade, J. J. M. Puzon, E. C. Cabrera, 
W. L. Rivera (2105). Antibacterial activities of ethanol ex-
tracts of Philippine medicinal plants against multidrug-re-
sistant bacteria. Asian Pacific J. Trop. Biomed. 5: 532-540.

Walcott Emmart, E. (1940). The Badianus Manuscript (Co-
dex Barberini Latin 241): An Aztec Herbal of 1552, Johns 
Hopkins University Press, Baltimore.

Wang, L., R. Yang, B. Yuan, Y. Liu, C. Liu (2015). The antivi-
ral and antimicrobial activities of licorice, a widely-used 
Chinese herb. Acta Pharm. Sin. B 5: 310-315. 

WHO/EDM/TRM/2000.1. General Guidelines for Method-
ologies on Research and Evaluation of Traditional Med-
icine. World Health Organization, Geneva, 2000.

Wickens, G. E. (1995). Llareta (Azorella compacta, Umbellif-
erae); A review. Econ. Bot. 49: 207-212. 

Zhang, N., L. Huang, S. Liu, Y. Wang, Y. Luo, X. Jin, J. G.. 
Ke, J. Chen, X. Yuan, Z. Chen (2013). Traditional Chinese 
medicine: an alternative treatment option for refractory re-
current urinary tract infections. Clin. Infect. Dis. 56: 1355. 



206

ACTA MICROBIOLOGICA BULGARICA Volume 34 / 4 (2018)

Problems View

Evolution of Mechanisms of Infection Transmission
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Abstract
Infectious diseases represent the outcome of the parasitic interactions between biological species. The 

mode of transmission of the parasite microorganism to the human hosts represents the mechanisms of infec-
tion spreading. Present-day humans have inherited the infectious diseases from their humanoid ancestors. 
In the course of humanization, pathogenic microorganisms have evolved for invasion of the human species. 
Hence the mechanism of infection transmission is as well a product of the evolutionary interactions be-
tween microbes and men. One basic biological character of Homo sapiens is the acquisition of qualities that 
are missing in animals – consciousness and the capacity to develop a society. The social, intended actions 
of humans infl uence the mechanisms of infection transmission in parallel with the biological evolutionary 
factors and the environmental factors. The biological sense of the infection transmission is the survival in 
time of the species of pathogenic microorganisms. Dependent on the different characteristics and require-
ments of the pathogenic microorganisms and the human behavior, different transmission mechanisms are 
settled. Here we discuss the variety of mechanisms of infection transmission and their evolution under the 
infl uence of natural and social factors, as a response to the basic requirement of the species – its survival 
of the species.
Keywords: infectious diseases, evolution, mechanism of infection transmission

Резюме
Инфекциозните болести са проява на паразитни взаимоотношения между биологичните видо-

ве. Начините на прехвърляне на микроорганизмите-паразити върху хората-хазаи представляват ме-
ханизма на предаване на заразата. Съвременният човек наследява инфекциозните болести от своите 
предци-хуманоиди. Заедно с очовечаването на хуманоидите патогенните микроорганизми еволю-
ират към паразитиране върху човешкия вид. Следователно механизма на предаване на заразата е 
също продукт на еволюционните взаимоотношения между микробите и людете. Основен биологи-
чен белег на вида Homo sapiens е, че той придобива качества които животните нямат – човек придо-
бива съзнание и развива общество. Социалните, съзнателно предприемани действия на човешкият 
вид, влияят на механизмите на предаване на заразата съвместно с биологичните еволюционни фак-
тори и факторите на външната среда. Биологичният смисъл на механизма на предаване на заразата е 
запазването на вида на патогенните микроорганизми във времето. В зависимост от различните свой-
ства и потребности на патогенните микроорганизми и поведението на човешкият вид, се създават 
различни механизми на предаване. Дискутират се различните механизми на предаване на заразата и 
тяхната еволюция под въздействието на природните и социални фактори, отговаряйки пак на основ-
ната потребност на вида – запазването му.
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Communicable diseases are manifestation of 
the interactions between species - between our spe-
cies, Homo sapiens, and microbial species. They 
represent a special case of ecological relationships 
on earth.

Microbes emerged prior to humans and prior 
to animal life. Soon after their appearance, animal 
species came into contact and interacted with the 
world of microorganisms. Thus, certain microbes 
populated macroorganisms without causing them 
any harm, while others used the macroorganism’s 
environment in a way that disturbed the eubiotic 
balance of the host. The relationship became par-
asitic.

Gradually, over time, parasitic microorgan-
isms increasingly accommodated themselves to the 
host environment. The relationships created in the 
adaptation process ranged from nearly complete 
symbiosis to such that severely damaged the host 
(pathological manifestations). This was how infec-
tious diseases emerged.

Concurrently, different modes of transfer of 
microbes from one host to another developed, and 
the mechanism of infection transmission appeared.

Humans inherit contagious diseases from 
their ancestors. In the evolutionary process leading 
to the emergence of modern man, animals, whose 
existence preceded human life by millions of years, 
had already been subject to infectious pathology. 
Hominids became exposed to age-old parasitic re-
lationships with pathogenic microflora, so the pro-
cess in which the microorganisms pathogenic for 
animals adapted themselves to the environment of 
the human body (which was not quite so differ-
ent) occurred in a natural, evolutionary way. The 
process also affected the modes by which germs 
spread from one person to another. Those were the 
different mechanisms used by pathogens to trans-
mit infection. The mechanism, therefore, by which 
infection spreads also ensued from the evolutionary 
relationships between microbes and human beings.

In course of evolution, Homo sapiens ac-
quired a key biological quality that animals lack. 
Humans have consciousness and live in a society 
(socium). That was the basis on which speech de-
veloped as a means of expressing consciousness. 
The need to survive and preserve the species trig-
gered relevant responses both in man and society. 
Consciously undertaken social actions were reflect-
ed on the mechanisms of transfer of infection along 
with biological evolutionary factors. And while 
infectious diseases evolved under the influence of 
both biological and social factors, the epidemic 

process never lost its biological essence.
An epidemic process is the spread of com-

municable diseases in human society. It is found-
ed on the mechanism of infection transmission. An 
epidemic process is not possible in the absence of 
a mechanism of infection transmission. The en-
tire evolutionary process of all biological species 
on earth has involved the evolution of the parasit-
ic relationships between certain species as well as 
the evolution of infectious diseases and the mech-
anisms of transmission of infection. The evolution 
of the latter was driven by the same biological and 
social factors that brought about the changes in the 
relationships between micro- and macroorganisms. 
Depending on the qualities and needs of pathogenic 
microorganisms and humans, different mechanisms 
of infection transmission have emerged. They, in 
turn, also change (evolve) being influenced by nat-
ural and social factors, again in response to the ba-
sic principle of every species – self-preservation.

Infection spreads by four main mechanisms: 
airborne, fecal-oral, vector-borne and direct con-
tact. The routes via which these mechanisms occur 
are countless.

How could the evolution of the mechanisms 
of infection transmission be characterized?

From the evolutionary point of view, the 
airborne mechanism of transmission was the last 
to emerge so it is the most recent one. For per-
son-to-person transmission or animal-to-animal 
transmission, the infection must come into con-
tact with the respiratory organs. As a physiological 
function, breathing is crucial for life and in its ab-
sence life is only possible for a very short time. A 
group of microorganisms have found optimal con-
ditions for growth in different parts of the respira-
tory tract. Owing to the protective role of the phys-
iological and pathological responses (sneezing, 
coughing, speech), however, the uninvited guests 
are expelled from the body. This is how aerogen-
ic pathogens leave their host, pass into the air, and 
enter the next susceptible hosts. For this to happen, 
the source of infection and the susceptible host 
need to be within close distance of each other. This 
transmission mechanism, therefore, is common in 
human societies. It will rarely occur in wildlife as it 
will be ineffective there. The airborne transmission 
mechanism evolved mainly under the influence of 
social factors. For a group of pathogens the evolu-
tionary process increased the resistance of the caus-
ative agents to the external environment and their 
ability to survive in unfavorable conditions (e.g. 
the causative agents of diphtheria or scarlet fever). 
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The survivability of those pathogens became so 
high that in some cases the infection is transmitted 
by other mechanisms: alimentary, direct contact. 
In another group of respiratory infectious agents, 
social contacts are of primary importance. Closer 
contacts among people are prompted by natural 
factors (cold weather and the need to stay indoors), 
and especially by social factors which cause large 
numbers of people to gather in small spaces, or 
overcrowding spaces in poor societies, or bringing 
people together at cultural, entertainment or similar 
events in technologically civilized societies (stadi-
ums, discos, rallies, public transport, etc.). This is 
the case, for instance, with influenza and other sea-
sonal respiratory viral infections. It should be borne 
in mind that, over time, numerous civilization fac-
tors have intensified the evolution of the airborne 
transmission of infection and this mechanism will 
certainly keep its leading role in the spread of con-
tagious diseases.

Another group of pathogens most common-
ly use the fecal-oral mechanism of transmission. 
In this case, a different vital physiological system 
of humans is used - the digestive system. An in-
dividual can survive much longer without food 
than without air, but still for only a limited period 
of time. These infectious agents invade the body 
through the mouth via different environmental fac-
tors (water, food, contaminated hands, etc.). Hav-
ing resided in the body for some time, they exert 
varying degrees of pathogenic effect on their host, 
either causing an infectious disease, or they might 
not trigger any pathological manifestations at all, 
in which case there is healthy carriage of infection. 
Eventually, they exit the host via the faeces. Since 
it takes much longer for the pathogens to enter a 
new host, they have developed particularly strong 
resilience in the external environment.

Social factors have also been instrumental in 
the evolution of these causative agents. Civilization 
processes have exposed them to new, previously 
unknown, adverse impacts - chemicals, antibiotics. 
The species causing intestinal infections manage to 
survive by adapting to new conditions and strains 
by means of increased resistance to antibiotics and 
other chemicals emerge (e.g. shigella, salmonella, 
escherichia).

The vector-borne mechanism of infection 
transmission is the oldest. The causative agents 
transmitted through this mechanism are poorly re-
sistant to the external environment, which is why 
the species preservation is ensured by rapid inva-
sion of a macroorganism. The main perpetrators 

responsible for the disease transmission are ar-
thropod vectors, carriers of contagious diseases. 
As they preceded the emergence of mammals on 
the planet they had had sufficient time to adapt to 
parasitism in warm-blooded animals. They, in turn, 
also harbour parasites - microorganisms that most 
commonly cause no serious harm. By parasitizing 
animals, they easily became adapted to parasitism 
in man.

The evolution of the vector-borne mechanism 
of infection transmission has also been strongly in-
fluenced by social factors. Infection occurs after 
the pathogen is directly introduced into the circu-
latory system. This naturally occurring transmis-
sion mechanism used by blood-sucking arthro-
pods is further complicated by human interference. 
Human progress has entailed various practices of 
unnatural, purposeful penetration of the circulato-
ry system - primitive medical manipulations (va-
riolation), injuries incurred during religious rituals 
(circumcision), etc. The syringe has been known 
for about 200 years, but its misuse plays the role 
of a blood-sucking arthropod. Today, from an epi-
demiological point of view, all invasive procedures 
are examples of potential routes of transmission of 
infection.

Epidemiological logic leads to similar con-
clusions for the fourth group of mechanisms of in-
fection transmission – the mechanism of infection 
through the outer covers of the body, the skin and 
mucous membranes, which provide an important 
protective barrier. Certain pathogenic agents have 
evolutionally developed an extraordinary resistance 
in the external environment, awaiting their chance 
to invade a host through an open wound (anthrax). 
Other, not highly resistant causative agents of the 
same group, have developed a more reliable way 
of invasion through the reproductive system of the 
host and transmit the infection during copulation 
(sexually transmitted diseases). A special case of 
this mechanism are the infections caused by vari-
ous procedures involving bleeding - medical, reli-
gious, domestic, venous drug addicts, etc. It is to be 
expected that the sexual route of transmission will 
evolve for other, yet unknown, causative agents, 
due to its endurance and unresponsiveness to ex-
ternal factors.

The mechanism of disease transmission is at 
the heart of an epidemic process. Understanding its 
characteristics will help with taking logical and ef-
fective measures for its discontinuation. Ongoing 
monitoring to detect its changes is the first stage in 
the fight against epidemic diseases.
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Abstract
M2 blockers and neuraminidase inhibitors (NAIs) are two classes of drugs currently approved for 

prophylaxis and treatment of seasonal infl uenza A virus infections. The frequency of antiviral drug resistance 
has increased dramatically over the last 20 years, therefore monitoring of susceptibility to licensed inhibitors 
should be an essential component of infl uenza surveillance and therapy in Bulgaria and worldwide.

Classical and molecular techniques were used to evaluate the susceptibility of infl uenza (H1N1) and 
(H3N2) strains isolated in Bulgaria 2004-2007 to neuraminidase inhibitors and M2 blockers. IC50 values of 
rimantadine were determined by CPE inhibition in cell cultures. IC50 of NAIs were evaluated fl uorimetrically 
by neuraminidase susceptibility assay with MUNANA substrate. RT-PCR and sequencing were carried out 
on gene segments HA, NA and M2 with subsequent phylogenetics analysis using the neighbor-joining 
method and bootstrap analysis. Of the total 26 infl uenza strains (H1N1) and (H3N2) analyzed, 22 were 
sensitive and 4 (two H1N1 and two H3N2) were resistant to rimantadine hydrochloride in CPE inhibition 
assay. 17 isolates were subjected to a fl uorescent assay, which showed the IC50 of zanamivir to range from 
1.05 nM to 5.28 nM and that of osletamivir IC50 were - from 0.28 nM to 1.31 nM. Sequencing revealed 
S31N and V27T mutations in transmembrane region of the M2 protein to confer resistance to adamantanes 
in the A/Sofi a/1250 (H3N2) strain. The virus remained susceptible to neuraminidase inhibitors. In all other 
viruses analyzed no mutations associated with resistance to either M2 blockers or NAIs were found. 
Keywords: infl uenza, susceptibility, Bulgaria, rimantadine, oseltamivir, zanamivir 

Abbreviations 
H, HA – hemagglutinin, N, NA – neuraminidase, NAIs – neuraminidase inhibitors, nt-nucleotide, 

CPE – cytopathic effect, IC50 – inhibitory concentration 50, NCIPD - National Center of Infectious and 
Parasitic Diseases

Резюме
М2 блокерите и невраминидазните инхибитори (НАИ) са два класа антивирусни средства 

понастоящем одобрени за профилактика и лечение на сезонен грип A. Степента на резистентност 
към тези препарати е нарастнала драстично през последните 20 години и затова мониторингът на 
чувствителността към лицензираните препарати трябва да е съществен компонент в лечението на 
грипа в България и по света.

Използвахме класически и молекулярни техники за оценка на чувствителността на 
щамове грипни вируси (H1N1) и (H3N2), изолирани в България 2004-2007 г. към инхибитори на 
невраминидазата и М2 блокери. IC50 стойностите на римантадин се определяха чрез инхибиция на 
ЦПЕ в клетъчни култури. IC50 на НАИ бяха оценени флуорометрично чрез анализ на невраминидаза 

* Corresponding author: losimeonova@gmail.com
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чувствителност с MUNANA субстрат. Бяха извършени RT-PCR и секвениране за анализ на генни 
сегменти HA, NА и М2 с последваща филогенетика, в която приложихме neighbor-joining метод и 
bootstrap анализ. От общо 26 грипни щама (H1N1) и (H3N2) 22 бяха чувствителни и 4 (два H1N1 
и два H3N2) бяха резистентни към римантадин хидрохлорид в постановка на инхибиране на ЦПЕ. 
17 изолата бяха подложени на флуоресцентен анализ като IC50 на занамивир варираше от 1.05 nM 
до 5.28 nM, и за оселтамивир IC50 бяха от 0.28 nM до 1.31 nM. Секвенирането показа S31N и V27T 
мутации в трансмембранния регион на М2 протеин, отговорни за резистентност към адамантани в 
A/София /1250 (H3N2) щам. Вирусът бе със запазена чувствителност към НАИ. При всички други 
вируси не бяха открити мутации, свързани с резистентност към М2 блокери или инхибитори на не-
враминидазата.

Introduction
Seasonal influenza virus types A (H1N1) and 

(H3N2) are a major cause of respiratory infections 
with a significant number of deaths in annual epide-
mics. Despite the existence of two classes of anti-
virals - M2 blockers and neuraminidase inhibitors, 
resistance occurrs due to natural variability of the 
viruses or in response to the conducted treatment 
restricting their efficacy. M2 blockers or adaman-
tane derivatives (amantadine and its derivative ri-
mantadine) bind the M2 proton channel and block 
the influx of H+ ions into the virion - a process 
essential for the uncoating stage of the viral repli-
cation cycle. Particular amino acid substitutions 
(mainly S31N) in the M2 protein significantly re-
duce its susceptibility to this class of drugs (Hay et 
al., 1985, 1986; Belshe et al., 1988). Worldwide, 
resistance to adamantanes has increased dramati-
cally over the last 20 years, from 0.8% in 1995 to 
100 % of S31N (H3N2) substituted mutants being 
resistant to this class of drugs in 2005/06 (Deyde et 
al., 2007; Nelson et al., 2009). 

Neuraminidase inhibitors (NAIs) – zanami-
vir and oseltamivir (and its derivative peramivir) 
are structural analogues of the N-acetylneurami-
nic acid in cellular glycoprotein receptors. They 
bind the viral neuraminidase (N), thus blocking 
the cleavage and susequent release of the influenza 
progeny from the surface of the infected cell (Mos-
cona, 2005a, b).

In the autumn of 2008, a H275Y mutation in 
the viral N1 neuraminidase protein emerged natu-
rally, conferring resistance of A (H1N1) viruses to 
oseltamivir. It spread out quickly but fortunately 
with an impaired aptitude to being transmitted form 
person to person (Lackenby et al., 2008, Nelson et 
al., 2009). In 2009, the reassortant H1N1v virus 
resistant to M2 blockers, but sensitive to neurami-
nidase inhibitors was introduced into the human 
population from swine and began its circulation. 
However, a resistance of the virus to this group of 

inhibitors as well has been demonstrated in some 
countries (Australia, Singapore, Brunei), reaching 
as high as 30%, including the newly identified 
S247N mutation and double mutants H275Y + 
S247N (Harvala et al., 2010, Lackenby et al., 2011, 
Hurt et al., 2011). This determines the monitoring 
of resistance as a mandatory component in the 
control of influenza viruses circulating in Bulgaria, 
as well as globally.

Materials and Methods
Viruses

A total of 26 Influenza A (H1N1) and (H3N2) 
strains isolated and subtyped in the National In-
fluenza and Acute Respiratory Diseases Reference 
Laboratory in Bulgaria (National Center of Infec-
tious and Parasitic Diseases - NCIPD) in the period 
between 2004 and 2007 were kindly provided for 
further analyses of their susceptibility to antivi-
rals. Viruses were propagated in 10-day-old chick 
embryos by several intra-allantoic passages. А/
Aichi/2/68 (H3N2); A/Panama/2007/99 (H3N2); 
А/Puerto Rico/8/34 (H1N1) and А/New Caledo-
nia/20/99 (H1N1) were used as reference sensitive 
strains.
Cells

Madin-Darby canine kidney (MDCK) cells 
were obtained from the ATCC (Manassas, VA, 
USA) and were grown in DMEM (Gibco BRL, Pais-
ley, Scotland, UK), supplemented with 10% fetal 
bovine serum (Gibco BRL, Paisley, Scotland, UK), 
3.7 mg/ml sodium bicarbonates, 10 mM HEPES 
buffer (AppliChem GmbH, Darmstadt, Germany), 
100 IU/ml of penicillin, 100 μg/ml of streptomycin 
and 50 μg/ml of gentamycin in а 5% CO2 incubator 
Thermo Scientific 311 (Thermo Fisher Scientific, 
USA).
Compounds

Rimantadine hydrochloride was provided by 
Olainfarm, SA, Riga, (Latvia). Oseltamivir car-
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M Oligonucleotides Annealing T
1Mfw/+/1 5‘AGCAAAAGCAGGTAGATATTGA Tm 48°C

2Mfw/+/237 5‘AGCGAGGACTGCAGCGTAG
Tm 62°C

3Mfw/+/651 5‘CAGATGGTGCAGGCAATGA
Tm 58°C

4Mfw/+/827 5‘GATATTGTGGATTCTTGATCG
Tm 46°C

1MRc/-/1027 5‘AGTAGAAACAAGGTAGTTTTTTACTC
Tm 47°C

2MRc/-/841 5‘GAATCCACAATATCAAGTGCA
Tm 48°C

3MRc/-/876 5‘CTCATTGCCTGCACCAT
Tm 52°C

4MRc/-/250 5‘TGCAGTCCTCGCTCACTG Tm 58°C
H1   
A/H1/+/5 5’AAAGCAGGGGAAAATAAAAACAACC Tm 57°C
A/H1/+/360 5’GGGTATTTCGCCGACTATGAGG Tm 56°C
A/H1/-/793 5’GGTTCCAGCAGAGTCCAGTAGTA Tm 52°C
A/H1/-/1117 5’ATCATTCCAGTCCATCCCCCTTCAAT Tm 62°C
N1   
A/N1/+/2 5’GCAAAAGCAGGAGTTTAAAATGAA Tm 54°C
A/N1/+/600 5’AACGGCATAATAACTGAAACC Tm 45°C
A/N1/-/720 5’CACAGACACATTCAGACTCTTG Tm 52°C
A/N1/-/1431 5’ACTTGTCAAT GGTGAATGGC AAC Tm 55°C
H3   
A/H3/+/68 5’AAGCAGGGGATAATTCTATTAACC Tm 51°C
A/H3/+/361 5’GCAACTGTTACCCTTATGATGTG Tm 51°C
A/H3/-/694 5’GAGACTGTGACTCTCCCTGATG Tm 50°C
A/H3/-/1197 5’CTGCTTGAGTGCTTTTAAGATCTG Tm 52°C
N2   
A/N2/+/1 5’AGCAAAAGCA GGAGTGAAGATG Tm 53°C
A/N2/+/299 5’ATTACAGGATTTGCACCTTTTTC Tm 51°C
A/N2/-/972 5’GCACACATAACTGGAATCAATGC Tm 54°C
A/N2/-/1459 5’CAAGGAGTTTTTTTCTAAAATTGCG Tm 55°C

boxylate was obtained from Hoffman-La Roche 
(Switzerland). Zanamivir was kindly provided by 
Mark von Itzstein.
Primers for RT- PCR and sequencing

All primers used for sequencing were de-
signed and constructed for the National Reference 
Laboratory, Region North, and France and supplied 
by Proligo® Reagents, Sigma-Aldrich).
Phenotypic assays: 
Suscepitibility to M2 blockers

After multiplication in the allantoic fluid in 
10-day-old chicken embryos, virus samples were 
centrifuged at 3000 rpm/min and 10-fold dilutions 
were prepared in DMEM culture medium supple-
mented with 3 µg/l trypsin and 1M HEPES - 2% 
by volume medium. 0,1 ml of each dilution was 
inoculated in a 24-hour monolayer of MDCK in 
4 wells of 96-well plates . After incubation of 1h 
at room temperature for adsorption, the virus was 
removed and 0.2 ml of 3.2, 1, 0.32 , 0.1 µM rim-
antadine in maintenance medium DMEM (Gibco) 

with 0.5% fetal calf serum (Gibco) was added. The 
plates were incubated for 48-72 hours at 370C. The 
presence of cytopathic effect was analysed by an 
Olympus CK40 microscope. Infectious virus titer 
was calculated in log10 by end-point dilution of 
Reed and Muench (1938). The evaluation of the an-
tiviral effect of the inhibitor on a given isolate was 
performed by comparison with a viral control set 
in parallel and to the effect of the compound on the 
corresponding sensitive reference strain. Strains in 
which the CPE was reduced by the compound at 
concentrations between 3.2 -0.1 µM were consid-
ered sensitive.
Suscepitibility to NAIs

For 16 of the viruses, including 7 strains sub-
type H3N2 and 9 strains subtype H1N1, a fluores-
cent assay determining neuraminidase activity with 
2-(4-methylumbelliferyl)-D-N-acetylneuraminic 
acid-MUNANA (Sigma) (Potier et al., 1979) was 
carried out. Initially the standard viral dose was de-
termined with 100 μM substrate and viral dilutions 
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of 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256. All 
dilutions were made up in a working solution of 
MES 33 mM, NaCl 120 mM, CaCl2 4 mM at pH 6.5, 
with the concentration of the inhibitor ranging from 
0, 0.00128, 0.0064, 0.032, 0.16, 0.8, 4, 20, 100 to 
1000 nM. After incubation at 37°C for 70 min, the 
reaction was terminated with a stop solution con-
taining Glycine 0.1M, EtOH 25%, pH 10.7. IC50 
for each isolate was determined by measuring the 
fluorescent signal of 40 μM substrate MUNANA 
by fluorimeter Twinkle LB970 (Berthold Technolo-
gies) using a software Microwin 2000®.

The results in fluorescent units were pro-
cessed by Kaleidagraph (Synergy Software), NA 
activity was determined from the dose-response 
curve and IC50 was calculated by the following for-
mulae: 
IC50= ((Km+[S])/Km)*Ki 
For N1: [S]=40μM and Km (N1h)=20 
IC50=((20+40)/20)*m2=(60/20)*m2 
IC50=3*m2 
For N2: [S]+=40μM и Km (N2)=30 
C50=((30+40)/30)*m2=(70/30)*m2 
IC50=2,3*m2 , where
[S]= MUNANA concentration 
Km – Michaelis-Menten constant
Ki – inhibitory constant
Genetic analysis: 
RNA extraction and RT-PCR

For 17 strains, RNA extraction was carried 
out with Qiamp Mini Spin®, Qiagen kit as per the 
manufacturer’s instructions. RNA was stored at 
+4°C until RT-PCR-amplification of HA, NA and 
M gene segments with Superscript™ One-Step 
RT-PCR with Platinum® Taq (Roche). The ampli-
fication mix contained 6,5 μl dH2O; 12,5 μl 2X re-
action mix buffer; 0,2 μl Fw primer (50 μM); 0,2 
μl Rc primer ,(50 μM); 0,12 μl RNAsin (Promega) 
40 U/μl; 0,5 μl RT/Platinum Taq mix. To the 20 μl 
of amplification mix 5 μl RNA were added and 40 
RT-PCR cycles (Veriti, Applied Biosystems) were 
performed. The amplified products were stored at 
+4°C and visualized by agarose gel electrophoresis 
(as described later). For samples where a weak sig-
nal was observed, nested PCR (30 cycles) with the 
internal primers was conducted.
Agarose gel electrophoresis

A volume of 7 μl of each sample was mixed 
with 3 μl loading buffer bromphenol blue (Sigma 
B8026) and loaded onto a 1% agarose gel (0.5 g 
agarose in 50 ml buffer with 1 μL 0.5xTBE and 
10 mg/mL ethidium bromide ) and 100 to 110 V 
electrophoresis was performed. The products of the 

nested PCR were visualized in a 2% agarose gel. 
In addition, a negative control (amplification mix 
where RNA volume is replaced by dH2O) and RNA 
from a reference virus were loaded with bromphe-
nol blue as well as a DNA ladder for the determi-
nation of fragment length. The products were vi-
sualized under UV light and photographed. The 
reaction was considered to have gone successfully 
if a signal was present in the samples and positive 
control and absent in the negative control.
Sequencing

Amplified gene segments were subjected to 
complete sequencing in sequencer ABI PRISM 
3730XL DNA analyzer, Applied Biosystems in 
Platform 8, Institut Pasteur Paris. Sequences were 
processed and analyzed for mutations contributing 
to the development of resistance. Phylogeny of the 
viruses through the construction of a dendrogram 
for NA and HA genes was carried out using the 
neighbor-joining method with CLC Main Work-
bench® and FigTree software. Sequences used 
for the alignment were published and retrieved 
from the NCBI Influenza Virus Sequence Database 
(http://www.ncbi.nlm.nih.gov/).

Results and Discussion
Phenotypic susceptibility to M2 blockers

From the total of 26 samples isolated from 
patients in the period 2004-2007 at NCIPD, 23 
were studied for their sensitivity to rimantadine in 
MDCK cells. Strains A/Sofia/207/07 (H3N2), A/
Sofia/490/06 (H1N1) A/Sofia/246/06 (H1N1) did 
not induce CPE and therefore it was not possible to 
determine their phenotypic susceptibility to riman-
tadine. As sensitive were determined those strains 
whose CPE was inhibited in comparison with the 
control virus by more than 1.66 Δlg. Strains A/So-
fia/1246/06(H3N2), A/Sofia/1250/06(H3N2), A/
Sofia/1244/06(H1N1) and A/Sofia/1248/06(H1N1) 
were characterized as phenotypically resistant since 
there was no inhibition of the cytopathic effect in 
the presence of rimantadine at the concentrations 
used (Table 1).

Due to the high levels of resistance to M2 
blockers and the increasing ones to NAIs, spe-
cialists highlight monitoring of susceptibility as a 
primary factor in determining the appropriate treat-
ment of influenza infections (Monto et al., 2006; 
Deyde et al., 2007; Ong and Hayden, 2007; Pabba-
raju et al., 2007, etc.). 

The majority of isolates we analysed - 85% 
of H3N2 and 80% of H1N1 were phenotypically 
sensitive to M2 blockers. The time of isolation of 
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Table1. Susceptibility of Influenza A (H3N2) and (H1N1) viruses isolated in Bulgaria 2004-2007 and ref-
erence strains to rimantadine hydrochloride assayed in MDCK cells

H3N2 strain IC50 Rim 
(µM)

Susceptibility H1N1 strain IC50 Rim 
(µM)

Susceptibility

A/Sofia/747/04 0.01 ÷ 3.2  S A/Sofia/240/05 0.01 ÷ 3.2  S

A/Sofia/684/04 0.01 ÷ 3.2  S A/Sofia/361/05 0.01 ÷ 3.2  S

A/Sofia/649/04 0.01 ÷ 3.2  S A/Sofia/422/05 0.01 ÷ 3.2  S

A/Sofia/1251/05 0.01 ÷ 3.2  S A/Sofia/522/05 0.01 ÷ 3.2  S

A/Sofia/209/06 0.01 ÷ 3.2  S A/Sofia/246/06 0.01 ÷ 3.2  S

A/Sofia/1246/06 > 3.2  R A/Sofia/218/06 0.01 ÷ 3.2  S

A/Sofia/1250/06 > 3.2  R A/Sofia/418/06 0.01 ÷ 3.2  S

A/Sofia/1247/06 0.01 ÷ 3.2  S A/Sofia/179/06 0.01 ÷ 3.2  S

A/Sofia/374/07 0.01 ÷ 3.2  S A/Sofia/126/06 0.01 ÷ 3.2  S

A/Sofia/206/07 0.01 ÷ 3.2  S A/Sofia/490/06 0.01 ÷ 3.2  S

A/Sofia/413/07 0.01 ÷ 3.2  S A/Sofia/1244/06 > 3.2  R

A/Sofia/427/07 0.01 ÷ 3.2  S A/Sofia/1248/06 > 3.2  R

A/Sofia/319/07 0.01 ÷ 3.2  S A/Puerto Rico/8/64 0.01 ÷ 3.2  S

A/Sofia/374/07 0.01 ÷ 3.2  S

A/Aichi/2/68  0.01 ÷ 3.2  S

the strain is an important factor in monitoring re-
sistance, since in the beginning of each flu season 
the majority of circulating viruses are sensitive, and 
at the end - resistant to adamantanes both as a con-
sequence of therapy and due to the fact that mutants 
are transmissible to the same extent as the wild type 
virus. 

All samples analyzed had been isolated at the 
beginning and at the peak of the epidemic in each 
year, which partly explains the high percentage of 
H3N2 isolates susceptible to rimantadine. A sharp 
increase in circulating H3N2 adamantane-resistant 
strains in 2005-2006 was reported (Deyde et al., 
2007), however in our study such an event was not 
observed, although the small sample size should be 
kept in mind. Similar studies also show that for the 
same period both resistant and sensitive influenza 
viruses have been isolated (Yavarian et al., 2010). 
Low resistance in season 2006-2007 was associated 
with the emergence of adamantane-sensitive vari-
ants that had once again acquired the sensitive M 
segment through genetic reassortment of sensitive 

viruses close to the ones circulating before 2005-
2006 (Furuse et al., 2009a).
Phenotypic susceptibility to NAIs (zanamivir and 
oseltamivir)

A total of 16 H3N2 (n = 7) and H1N1 (n = 
9) strains were assayed to determine the sensitivity 
of viral neuraminidase to oseltamivir and zanami-
vir by fluorescent MUNANA substrate. All strains 
analyzed were determined as sensitive to oseltam-
ivir (IC50 ranging from 0.24 to 1.7 nM) and zan-
amivir (IC50 from 0.86 to 5.16 nM) which is con-
sistent with published data on viruses isolated in 
other regions in this period and also characterized 
as sensitive. Studies on the sensitivity of the influ-
enza virus to neuraminidase inhibitors indicate that 
resistant variants of both subtypes show values as 
high as 600 -1000 nM (Ramaix-Welti et al., 2008, 
Correia et al., 2010; Puzelli et al., 2011), however 
such values were not measured in this study. As is 
apparent from the results shown in Table 2 (A) and 
(B), the total sensitivity to oseltamivir was higher 
as compared with that to zanamivir. All H3N2 sub-
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Table 2. Average susceptibility of viral neuraminidase of Influenza A (H3N2) and (H1N1) viruses from 
Bulgaria 2004-2007 to NAIs oseltamivir carboxylate and zanamivir as analyzed by fluorescence assay with 
MUNANA substrate.(A) NA of clinical isolates, compared to the reference virus (B).

(A) Clinical isolate IC50 Zanamivir (nM) ± SD IC50 Oseltamivir (nM) ± SD 
A/Sofia/747/04 (H3N2) 3.58 ± 1.62 0.47 ± 0.27
A/Sofia/684/04 (H3N2) 1.69 ± 1.21 0.31 ± 0.11
A/Sofia/649/04 (H3N2) 1.69 ± 0.91 0.55 ± 0.46
A/Sofia/1247/06 (H3N2) 2.33 ± 1.45 1.04 ± 0.53
A/Sofia/1250/06 (H3N2) 5.28 ± 2.48 0.55 ± 0.09
A/Sofia/206/07 (H3N2) 1.32 ± 0.91 0.28 ± 0.16
A/Sofia/413/07 (H3N2) 3.58 ± 0.76 1.03 ± 0.09
A/Sofia/361/05 (H1N1) 1.27 ± 0.11 1.15 ± 0.34
A/Sofia/422/05 (H1N1) 1.29 ± 0.37 1.02 ± 0.16
A/Sofia/522/05 (H1N1) 1.05 ± 0.73 0.93 ± 0.17
A/Sofia/240/05 (H1N1) 2.06 ± 0.39 1.59 ± 0.24
A/Sofia/218/06 (H1N1) 1.16 ± 0.59 1.09 ± 0.29
A/Sofia/418/06 (H1N1) 1.31 ± 0.62 1.01 ± 0.15
A/Sofia/179/06 (H1N1) 1.23 ± 0.31 1.13 ± 0.32
A/Sofia/126/06 (H1N1) 1.27 ± 0.84 0.98 ± 0.69
A/Sofia/490/06 (H1N1) 2.42 ± 1.36 1.31 ± 0.26

(B) Reference strain IC50 Zanamivir (nM) ± SD IC50 Oseltamivir (nM) ± SD 
A (H3N2) average 2.78 ± 1.33 0.6 ± 0.24
A/Aichi/2/68 (H3N2) 1.25 ± 0.3 0.27 ± 0.12
A (H1N1)average 1.45 ± 0.59 1.13 ± 0.29
New Calеdonia/20/99 (H1N1) 1.27 ± 0.45 0.51 ± 0.46

SD – standard deviation

types show higher sensitivity to oseltamivir (IC50 = 
0.6 nM) compared with H1N1 (IC50 = 1.13 nM), but 
lower with respect to zanamivir (IC50 = 2.78 nM for 
H3N2 and IC50 = 1.45 nM in H1N1 type), confirm-
ing data from previous studies (McKim-Breshkin et 
al., 2003). No trend towards change in IC50 with the 
year/season of isolation (season 04/05, 05/06 and 
06/07) was observed as evidenced by the individual 
values   for each of the isolates submitted. Differenc-
es in the sensitivity of the N2, N1 and B neurami-
nidase are described by a number of authors and 
are determined by phylogenetic differences in their 
structure. Most sensitive to oseltamivir carboxylate 
is neuraminidase N2, followed by N1, and the least 
sensitive is virus type B. Unlike the M2 blockers 
amantadine and rimantadine, which demonstrate 
cross-resistance due to the same mutation in all vi-
rus types, resistance to neuraminidase inhibitors is 

drug-specific and type-specific, which will be dis-
cussed in details in the analysis of gene segments.
Genetic markers of resistance of H3N2 and H1N1 
viruses to the M2 blockers and neuraminidase 
inhibitors (oseltamivir and zanamivir)
M segment

The length of the M segment is 1027 nucle-
otides, which encode two possible products ren-
dered by alternative splicing - M1 matrix protein 
from position 26 to 784 and M2 ion channel (97 
amino acids) - from position 26 to 51 and 740 to 
1007 (Lamb et al., 1981). The nucleotide sequenc-
es of the M gene of the 17 isolates were translated 
into M2 protein (from 9 to 69 AA) and compared to 
each other and to those of the reference strains for 
the respective period (Fig. 1).

Among the analyzed M segments, one iso-
late - A/Sofia/1250/2006 (H3N2) - was found 
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bearing the S31N mutation in the transmembrane 
region of the M2 protein which confers resistance 
to adamantanes. In over 90% of all described cases 
of resistance to M2 blockers, this particular amino 
acid change has been detected. The second most 
frequent mutation is the V27A substitution (Furuse 
et al., 2009b). The A/Sofi a/1250/2006 (H3N2) iso-
late above contained a V27T substitution, which 
is also known to contribute to the development of 
resistance (Durrant et al., 2015). The same strain 
exhibited phenotypic resistance in cell cultures as 
well. It should be noted that this particular isolate 
was the only one with numerous genetic variations 
in all sequenced segments. While this could suggest 
errors and/or improper sequence reading during the 
computational analysis , the phenotypic analysis 
confi rmed the resistance pattern. None of the oth-
er strains contained any mutations known to deter-
mine resistance to rimantadine and amantadine.

Phylogenetic analysis of the M gene showed 
close relationship of the majority of H1N1 isolates 
with the reference strain A/New Caledonia/20/99 
(H1N1). H3N2 viruses showed considerable vari-
ation regarding the M segment - some were simi-
lar to A/Wyoming/3/2003 and A/California/7/2004, 
however the A/Sofi a/1250/2006 (H3N2) strain with 
its S31N mutation did not cluster with the resistant 
A/Wisconsin/67/2005. The reason for this is the ad-
ditional mutations in both the transmembrane and 
other regions of the ion channel of this strain.
NA segment

Sequencing and genetic analysis of the NA 

Fig. 1. Overall alignment of M2 protein (9-69) of Infl uenza A strains (H3N2 and H1N1) from Bulgaria 
2004-2007 with reference strains.

segment (1413 nt) encoding neuraminidase showed 
no presence of any known substitutions in translat-
ed proteins responsible for resistance to oseltami-
vir (H275Y for H1N1; E119V, R292K, I222V and 
N294S for H3N2) or zanamivir (R136Q, I223V). 
S247N which was found by Sheu et al. (2008) and 
Hurt et al. (2011), to contribute to reduced sensi-
tivity to both inhibitors when present in the neu-
raminidase of seasonal and pandemic H1N1 virus-
es, was also not registered in our samples. H1N1 
viruses A/Sofi a/240/2005, A/Sofi a/361/2005 and 
A/Sofi a/490/2006, which showed phylogenetic dif-
ferences to other isolates from Bulgaria regarding 
the M segment, were also clustered into different 
groups by their NA gene. Common mutations are 
indicated on the tree Fig. 2 (A and B). For strain A/
Sofi a/413 (H3N2), the NA segment was not suc-
cessfully amplifi ed and sequencing and further 
analysis for the detection of genetic markers of re-
sistance to NAIs were not possible.
HA segment

The HA segment (1778 nt) encodes the two 
domains of the hemagglutinin HA1 (987 nt, 329 
aminoacids) and HA2 (223 aminoacids). In the 
current study, a portion of 1080 nt was amplifi ed, 
which represents a HA1 hemagglutinin monomer. 
It is known that certain amino acid substitutions 
in a number of viral proteins affect the pathoge-
nicity and virulence of the virus in the new host. 
Mutations in M1 (D232N, A41V and T139A), NS 
(S23N), PB2 (D701N) and HA1 (G218W) are some 
examples of this effect (Ward, 1995; Ping et al., 



216

Fig. 2. Phylogenetic relationships between N1 (A) and N2 (B) genes of infl uenza A viruses isolated in Bul-
garia, 2004-2007 
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Fig. 3. Phylogenetic relationships between H1 (A) and H3 (B) genes of infl uenza A viruses isolated in 
Bulgaria, 2004-2007
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2010). In the sequences of HA1 protein analyzed 
in the present study, the G218W mutation, which is 
an adaptive mutation that greatly enhances replica-
tion of the virus in the bronchial epithelium of mice 
experimentally infected with recombinant mutant 
virus type H3N2 (Kaleta et al., 2008), was not de-
tected. HA1 of strains H1N1A/Sofia/240/2005, A/
Sofia/361/2005 and A/Sofia/490/2006 were also 
sequentially remote from A/New Caledonia/20/99 
(H1N1) and from other isolates analyzed, which 
defines these viruses as phylogenetically different. 
Isolates type H3N2 were divided into various clus-
ters and related to different reference viruses and 
this diversity is attributable to the higher degree of 
variability of the H3 and N2 subtype glycoproteins 
in comparison with H1 and N1 (Fig. 3 A and B).

All gene sequences of successfully amplified 
segments were deposited in the international da-
tabase of NCBI [http://www.ncbi.nlm.nih.gov/ge-
nomes/FLU/FLU.html] and can be seen under the 
access numbers from CY103741 to CY103790.

Conclusions
From the 26 clinical isolates of Influenza A 

virus H3N2 and H1N1 circulating in Bulgaria dur-
ing 2004-2007, 4 strains were phenotypically re-
sistant to M2 blockers when tested in cell cultures. 
No resistant variants or ones with reduced suscep-
tibility were present under evaluation of IC50 with 
MUNANA fluorogenic substrate in the presence 
of oseltamivir and zanamivir. Sequencing data re-
vealed that out of the 16 analysed strains one H3N2 
strain was double mutant in the transmembrane 
region and carried the S31N mutation conferring 
resistance to M2 blockers. No genetically resistant 
variants to NAIs were found among the 16 studied 
viruses.
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Abstract
Several epidemiological studies have discussed the relationship between HBV and HCV viral 

infections and the development of non-Hodgkin‘s lymphomas (NHL). According to WHO, Bulgaria is in 
the intermediate zone of hepatitis B endemicity, with 3.87% HBsAg (+) carriers. The frequency of HCV (+) 
individuals in the general population is lower -1.28%. A national survey from 1999 to 2000 showed a higher 
proportion of these infections in the Varna region, 5.26% and 1.4%, respectively.
The purpose of the present study was to investigate the incidence of HBV and HCV infection in patients 
with different histological variants of NHL, based on the presence of HBsAg, anti-HBc total Ab and anti-
HCV Ab.
We analyzed 466 patients with clinical and laboratory diagnosis NHL, tested for HBsAg and 462 patients, 
explored for anti- HCV Ab. The survey was conducted in the laboratory of clinical virology of “St. Marina” 
University Hospital, Varna, from 2013 to 2017. Sixty individuals were tested for anti-HBc total Ab, ten of 
which were HBsAg positive.
The proportion of anti-HCV positive patients with NHL was 1.7% (95% CI: 0.8-3.4, n = 8), while HBsAg 
carriers were signifi cantly more - 8.2% (95% CI: 5.8-11.0, n=38) (p<0.05). Fifty HBsAg (-) patients were 
tested for anti-HBc total Ab assay and positive results were found in 46.0% (95% CI: 31.8-60, n=23) of 
them.

A higher HBsAg and anti-HCV positivity was determined in patients with NHL than the average for 
Bulgaria and Varna region. HBV infection dominated in this group compared to HCV. 
Keywords: hepatitis B, hepatitis C, non-Hodgkin’s lymphomas (NHL)

Резюме
През последните години въз основа на епидемиологични проучвания се обсъжда връзката 

между заразеността с HBV и HCV и развитието на Неходжкинови лимфоми. България се намира в 
средната зона на хепатит В ендемичност с 3.87% носители на HBsAg, докато честота на носителите 
на HCV е по-ниска -1.28%. Национално проучване от периода 1999 г. - 2000 г. показва по-висок от-
носителен дял на тези инфекции във Варненски регион, съответно 5.26% и 1.4%. 

Целта на настоящото изследване е да установим заразеността с HBV и HCV при пациенти с 
различни видове Неходжкинов лимфом.

Аналазирани са 466 пациенти с клинична и лабораторна диагноза Неходжкинов лимфом, 
изследвани за HBsAg. От тях 462-ма са изследвани за anti-HCV в Лаборатория Вирусология на 
УМБАЛ „Св. Марина“- Варна. За носителство на anti-Hbc total Ab са изследвани общо 60 лица, като 
10 от тях са HВsAg позитивни. Използвани са стандартизирани търговски ELISA тестове.

* Corresponding author: ckostadinova@abv.bg
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Относителният дял на anti-HCV положителните пациенти с Неходжкинов лимфом е 1.7% 
(95%CI:0.8-3.4, n=8), докато носителите на HBsAg са сигнификантно повече - 8.2% (95% CI:5.8-11.0, 
n=38) (p<0.05). От отрицателните HBsAg пациенти, 50 са изследвани в теста за определяне на an-
ti-HBc total. Положителни резултати открихме в 46.0% (95%CI:31.8-60.7, n=23) от случаите.

Установихме по-висока от средната за региона и страната честота на HBsAg и anti-HCV 
позитивност при пациентите с Неходжкинови лимфоми. Нашите данни показват по-висока честота 
на разпространение на HBV при тази група пациенти, в сравнение с HCV.

Introduction
HBV and HCV are hepatotropic viruses with 

worldwide prevalence. WHO reported that 257 
million individuals live with the HBV. In Europe, 
chronic HBV infection has been proved in approx-
imately 13 million people, with the prevalence rate 
varying between 0.1% and 7% (Stasi et al., 2017; 
WHO, 2017). More than 180 million people in the 
world are infected with hepatitis C (Khaled et al., 
2017). Several studies in Europe have shown an 
unequable spread of HCV, ranging from 0.4% to 
3.5%, while in some countries (Italy) HCV inci-
dence varies even across different regions (ЕCDC, 
2010).

A national multicenter survey (INTERREG 
II) conducted in Bulgaria from 1999 to 2000 and 
funded by the European union (EU) established that 
HbsAg (+) were 3.87% and HCV positive 1.28% 
of the total population. According to these results, 
Bulgaria was categorized in the intermediate zone 
of HBV endemicity and in the low HCV endemicity 
area. Varna and Varna region have higher incidence 
of these infections - 5.26% and 1.4%, respectively 
(Theoharov et al., 2015). Chronic HBV and HCV 
infections lead to liver dysfunction and complica-
tions such as cirrhosis and hepatocellular carcinoma 
(El-Serag, 2015). In the last two decades, various 
epidemiological studies showed a connection be-
tween these two viral infections and the pathogene-
sis of NHL, predominantly B-cell types (Peveling et 
al., 2013; Li et al., 2018). Genetic and environmen-
tal factors were also not excluded (Marcucci et al., 
2012; Zignego et al., 2015; Khaled et al., 2017).

The relatedness of HCV and NHL was sup-
ported by the fact that regression of lymphoid dis-
ease was established after antiviral therapy (Vallisa 
et al., 2005). Other authors believe that 8% of NHL 
is probably due to chronic infection (Taborelli et 
al., 2016). On this basis, three theories have been 
discussed: 1) continuous external stimulation of 
lymphocyte receptors by viral antigens with subse-
quent proliferation; 2) oncogenic effects mediated 
by intracellular viral proteins during replication in 
B- cells. 3) the so-called ‘hit-and-run’ theory based 
on continuous B-cell damage by transient intracel-

lular virus and mutation in tumor suppressor genes 
(Peveling et al., 2013). 

The mechanisms underlying the HBV-in-
duced NHL are not so well defined, but are consid-
ered to be similar to those of HCV-provoked lym-
phoma diseases. HBV is believed to be able to in-
fect lymphocytes, and integration into the genome 
of the host cell may result in overexpression of cel-
lular oncogenes or suppression of tumor suppres-
sor genes. The second mechanism recognizes the 
role of chronic stimulation by viral antigens with-
out obligatory lymphocyte infestation. Last but not 
least, a multifactorial model, involving other lym-
photrophic viruses and a chronic antigenic stimulus 
underlying autoimmune diseases were suggested 
(Мarcucci et al., 2012).

The purpose of this study was to investigate 
the incidence of HBV and HCV infection in patients 
with different histological variants of NHL, based 
on the presence of HBsAg, anti- HBc total Ab and 
anti-HCV Ab.

Materials and methods
Study population

Wе analyzed 466 NHL patients, of whom 
53.6% (95% CI: 49.0-58.2, n = 250) were male. 
The mean age was 61 years (SD ± 14.8) (1 year - 
90 years). Patients with B-cell lymphoma - 89.1% 
(95% CI:85.9-91.7, n=415) and especially with Dif-
fuse Large B-Cell Lymphoma (DLBCL) prevailed 
(Table 1).

All participants were tested for HBsAg and 
462 of them for anti-HCV Ab. Sixty persons were 
tested for anti-HBc total Ab, 50 of which were 
HbsAg (-) negative.
Methods
Serological method

Serum samples were investigated for hepatic 
markers using commercially available ELISA test 
kits - HBsAg (Surase B-96, General Biologicals 
Corp.), anti-HBc total Ab (Dia.Pro Diagnostic Bi-
oprobes ) and anti-HCV Ab (Nanbase C-96, V4.0 
(General Biologicals Corp.). 



222

Real-time PCR 
Real-time PCR for quantitative detection of 

HCV RNA was carried out. Nucleic acid extrac-
tion was performed according to the manufactur-
er’s protocol with a commercially available test 
kit MAGREV Viral DNA / RNA 96 Extraction kit / 
Anatolia Gene Bosphore from 500 μl serum in a fi-
nal volume of 60 μl eluate. Amplification of the iso-
lated nucleic acid was made using a commercially 
available kit based on the Taq-man principle: HCV 
Quantification Anatolia Geneworks Bosphores with 

reverse transcription and subsequent amplification 
step from cDNA. Amplification was performed 
with a Quanti StudioDx PCR instrument in a final 
volume of 25 μl. All reactions were fulfilled in the 
presence of internal control (IC) to identify possi-
ble inhibition of the reaction. 
Statistical analyses: 

Proportion, confidence intervals, average age, 
and standard deviation were calculated. Pearson’s 
χ2 test was used to compare data. Values of p < 0.05 
were considered statistically significant.

NHL-type All Proportion (95%CI:)
DLBCL 193 41.4% (36.9-46.0)
FL 56 12.0% (9.2-15.2)
CLL/SLL 159 34.1% (29.8-38.6)
WM 2 0.4% (0.1-1.5)
MCL 3 0.6% (0.1-1.9)
MZL 2 0.4% (0.1-1.5)
unspecified 40 8.6% (6.2-11.5)
Т cells lymphoma 11 2.4% (1.2-4.2)

Table 1. Characteristic of patients depending on histological variant

Table 2. Characteristic of patients positive for HBsAg, anti -HBc total Ab and anti –HCV Ab

Characteristic
 

HBsAg anti HBc Ab without 
HBsAg Anti HCV

n/% n, % 
positive n/% n, % 

positive n/% n, % 
positive

All 466 (100.0) 38 (8.2) 50 (10.7) 23 (46.0) 462 (99.1) 8 (1.7)
Man 250 (53.6) 23 (9.2) 32 (12.8) 13 (40.6) 248 (99.2) 4 (1.6)
Woman 216 (46.4) 15 (6.9) 18 (8.3) 10 (55.6) 214 (99.1) 4 (1.9)

age
0-19 5 (1.1) 0 4 (80.0) 1 (25.0) 5 (1.1) 0
20-34 23 (4.9) 1 (4.3) 4 (17.4) 1 (25.0) 23 (4.9) 0
35-49 56 (12.0) 9 (16.1) 4 (7.1) 2 (50.0) 55 (98.2) 3 (5.5)
50-64 161 (34.5) 16 (9.9) 21(13.0) 12 (57.1) 160 (99.4) 2 (1.3)
65+ 221 (47.4) 12 (5.4) 17 (7.7) 7 (41.2) 219 (99.1) 3 (1.4)

histological variant
B cells 
lymphoma 415 (89.0) 32 (7.7) 42 (10.1) 19 (45.2) 413 (99.5) 6 (1.5)

T cells 
lymphoma 11 (2.4) 2 (18.2) 4 (36.4) 2 (50.0) 11 (100.0) 1 (9.1)

Unspecified 40 (8.6) 4 (10.0) 4 (10.0) 2 (50.0) 38 (95.0) 1 (2.5)
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Results
In the recent survey, HBsAg positive patients 

were 8.2% (95% CI: 5.8-11.0, n = 38), aged 57.8 
years (SD ± 13.6), and 1.7% determined positive 
for anti-HCV Ab (95% CI: 0.8-3.4, n = 8), aged 
59.5 years (SD ± 15.9). The proportion of HBsAg 
(+) patients was significantly higher (χ2 = 20.31, p 
<0.05). Based on age distribution, positive results 
prevailed for both tests - HbsAg and anti-HCV Ab in 
the age group between 35 and 49 years old - 16.1% 
(95% CI: 7.6-28.3), and 5.5% (95% CI: 1.1-15.1), 
respectively. No statistically significant sex differ-
ences were detected. In one patient, both tests were 
positive (Table 2).

HBsAg was detected to be positive among 
7.7% (95% CI: 5.3-10.7) of all of the B-cell pheno-
type (DLBCL, FL, CLL/SLL) cases and even high-
er - 18.2% (95% CI: 2.3-51.8) in T-cell phenotype 
patients, without statistically significant difference 
(x2 = 1.5998, p = 0.206) (Fig. 1).

Fifty patients of all HBsAg negative ones  
(n = 428) were probed for anti-HBc total Ab. Pos-
itive results were found in 46.0% (95% CI: 31.8-

60.7), of which 19 cases with B-cell lymphomas, 
two patients were undetermined, and two were di-
agnosed with T-cell lymphoma (p = 0.856).

Positive for anti-HCV Ab were six patients 
with B-cell lymphoma (DLBCL - 5, CLL - 1), one - 
with T-cell lymphoma, and one untreated patient (p 
= 0.049) (Fig. 2).

HCV RNA was tested in six of all eight an-
ti-HCV (+) patients. The mean viral load in re-
al-time PCR was 5.76 lg IU/ml (± 0.54).Two indi-
viduals were HCV RNA negative.

Discussion
The term NHL includes a variety of histo-

logically and biologically different malignancies, 
originating from the lymphoid system. There are 
geographical differences regarding morbidity and 
subtype distribution, as a result of a combination of 
demographic, ecological and other yet unidentified 
factors. (Skrabek et al., 2013). In 2016 the newly 
diagnosed NHL cases among the general popula-
tion in Bulgaria were 4.8 per 100 000 persons. For 
the city of Varna and Varna region this incidence 

Fig. 1. HBsAg positive patients depending on histological variant

Fig. 2. Anti-HCV positive patients depending on histology and age
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rate was 6.8 per 100 000 persons according to offi-
cial statistics (NSI, 2017). Various infections as well 
as immunosuppression and immune deficiency are 
considered as risk factors for the development of 
NHL. According to the literature, infectious agents 
are classified into three groups: 1) viruses that can 
directly transform lymphocytes (Epstein Barr Vi-
rus, Human herpesvirus 8, Human T lymphotropic 
virus); 2) Human immunodeficiency virus (HIV), 
which leads to depletion of CD4+ T lymphocytes 
and is associated with a high risk of lymphomas 
in some subtypes; 3) Infectious agents leading to 
chronic immune stimulation (HCV, HBV, Helico-
bacter pylori, Borrelia afzelii, etc.) (Engels, 2007).

Patients with Hodgkin’s lymphoma (HL) and 
NHL are often the subject of our studies due to the 
frequent presence of viral infections in the etio-
pathogenesis of these diseases, as well as the pos-
sibility of reactivation of latent infection as a result 
of immunosuppressive therapy. In a previous study, 
we found that the proportion of EBV DNA positive 
patients with HL and NHL was respectively 40.7% 
and 15.4% (data not shown).

In this study, we analyzed the incidence of 
NHL patients with HBV and HCV. According to 
different studies, HCV infection is associated with a 
2.5-fold increase in the risk of lymphoma, especial-
ly in regions endemic for the viral infection. Data 
analysis from several regions in the world showed 
3.6% anti-HCV Ab positive NHL patients com-
pared to 2.7% in the control groups (De Sanjose 
et al., 2008). In a survey conducted in Italy, a sig-
nificantly higher percentage was reported - 13.8%, 
compared to 6.4% for the controls (Taborelli et al., 
2016). HCV-positive patients with lymphomas in 
Egypt, where the incidence of HCV is above 15%, 
are between 26% and 42.1% (Youssef et al., 2012; 
Abu-Taleb et al., 2013; Khaled et al., 2017). There 
is an interesting study by Youssef et al. (2012), who 
found an unusually high percentage of occult HCV 
infection in patients with lymphoproliferative dis-
orders (20%) when compared to healthy volunteers 
(4%) (Youssef et al., 2012).

Hepatitis C viral infection is not widespread 
in Bulgaria. In the present survey, we found a high-
er proportion of anti-HCV Ab positive patients with 
NHL when compared to the general population in 
Bulgaria and Varna, although the differences were 
not significant (p = 0.401 and p = 0.578, respec-
tively). In another Bulgarian study for Plovdiv and 
Plovdiv region (2013), also a higher proportion of 
anti-HCV Ab positive newly diagnosed NHL pa-
tients (1.84%) was reported of the total population 

(1.28%) and the population of the region (1.1% are 
from the 2000 survey). A statistically significant 
association was recorded for indolent lymphomas 
(Grudeva-Popova et al., 2013).

Although we found a higher proportion of 
positive T-cell lymphoma patients, most often 
HCV infection prevailed in individuals with lym-
phoma B-cell type, and especially in persons with 
DLBSL, MZL and lymphoplasmacytic lymphomas 
(Waldenström’s macroglobulinemia) (De Sanjose et 
al., 2008; Pozzato et al., 2016). These conclusions 
were also confirmed by the study of Taborelli et al. 
(2016) with the highest frequency of positive pa-
tients with lymphoplasmocytic lymphoma (28.6%) 
and MZL (27.3%), tested in real time PCR.

The relationship between NHL and hepati-
tis B virus infection is less studied. An increased 
risk was demonstrated in HBV-infected individu-
als with significant heterogeneity with respect to 
the histological subtype, based on different me-
ta-analyses of a large number of cases from var-
ious studies (Li et al., 2018). We found a signifi-
cantly greater incidence rate of HBV, compared to 
hepatitis C infection. Patients with lymphoma had 
a higher proportion (38/466) when paralleled with 
HBsAg positive individuals, found at national level 
(448/11597) and at regional level (131/2492), and 
differences were statistically significant (p <0.005). 
A higher percentage in this group was recorded in 
Plovdiv region, Bulgaria - 5.72% (Grudeva-Pop-
ova et al., 2013) and in Italy (3.7%) (Taborelli et 
al., 2016). WHO classified Bulgaria and Italy as 
zones with intermediate HBV endemicity (ECDC, 
2010), but in both of our studies, HBsAg positivity 
was more frequent. According to the literature data, 
B-cell lymphoma subtypes (DLBCL and FL) have 
a significantly stronger relationship. In countries 
with an intermediate and high endemicity rate of 
HBsAg, such as countries in Asia and Europe, this 
relationship was more significant than in countries 
with low HBV prevalence (Li et al., 2018).

In Bulgaria, compulsory immunization 
against hepatitis B virus was introduced in 1992. 
This may explain the decrease in the number of Hb-
sAg (+) individuals in the young age groups. Due to 
the fact that NHL develops in elderly patients, the 
effect of immunization should be evaluated in the 
future.

An intriguing association between occult 
HBV infection (OBI) and NHL was found. HBV 
DNA was proved to be retained in the liver and/or 
lymphocytes of the macroorganism for many years 
or even throughout life (Marcucci et al., 2012). In 
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these cases, viral reactivation is a very plausible 
scenario (Rosato et al., 2015). Some authors have 
reported that reactivation of OBI in this group var-
ies between 6% and 10% (Chen et al., 2008; Rossi 
et al., 2009; Masarone et al., 2014; Elbedewy et al., 
2015) and according to others - 21% - 28% (Han-
bali et al., 2009; Francisci et al., 2010; Cheung et 
al., 2011; Watanabe et al., 2011). A survey among 
3922 HbsAg (-) individuals in Varna and Varna re-
gion was conducted from 2010 to 2015. They were 
separated into two groups – 2 326 randomly select-
ed persons, and 1 596 patients with various chronic 
diseases, including liver damages. Anti-HBc total 
Ab (+) results were documented in 8.25% (95% CI: 
7.2-9.4, n = 192) of people from the first group. Ac-
cording to the same investigation, for the second 
group, anti- HBc total Ab, only the positive patients 
were 23.6% (95% CI: 21.6-25.8, n = 377) (Tsane-
va-Damyanova et al., 2016). In our study, anti-HBc 
total Ab (+) were a significantly higher proportion - 
46.0%. Real Time PCR data for defining true occult 
HBV infection will be the subject of future trials.

Conclusion
Our recent investigation manifested a signifi-

cantly higher incidence of HBsAg positivity in NHL 
patients compared to the average HBV incidence 
for the country and the region. The proportion of 
HCV infection was not found to be significantly dif-
ferent. HBV infection dominated over HCV, which 
was in line with the information found for the gener-
al Bulgarian population. We recommend that those 
individuals, in addition to HbsAg serology, should 
be tested for anti-HBc total Ab, and the anti-HBc 
total Ab (+) ones should be verified by PCR for oc-
cult HBV infection. PCR should be considered as a 
basic test for subsequent adequate therapeutic solu-
tions for HBV and HCV viral infections. 
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Abstract 
Tuberculin skin test is one of the oldest and widely used in vivo methods for detection of Mycobac-

terium bovis infections in cattle and M. avium infections in birds and pigs. Tuberculins used for the test are 
purifi ed protein derivatives (PPDs) containing a mixture of antigens - proteins, polypeptides, nucleic acids 
and polysaccharides. The specifi city and activity of PPD depends mainly on the protein content.The aim of 
the development is to determine the amount of protein in Bulgaria produced dry and liquid PPDs from M. 
bovis and M. avium by determining the nitrogen content of the micro-Keldahl method. The process occurs 
in three stages - incineration, distillation and titration. Average losses of PPD tuberculins at various stages 
of production reached the highest values after sterile fi ltration, about 25-30%. At a dry substance concentra-
tion of 1 mg/ml, we obtained 0.98 mg/ml of protein, while in the non-fi ltered product the mean amount was 
0.80 mg/ml. In a study of dry tuberculins, part of the samples were diluted in order to avoid foaming and 
to achieve complete burning. The protein losses were about 20%, which may be in the production process, 
tuberculin drying or in the analysis itself (pipetting, dilution of samples, etc.).

Regardless of protein losses during the fi ltration of liquid unfi ltered bovine and avian PPD tubercu-
lins as well as the fi ltered end product, this process is necessary and of great importance for increasing the 
content of specifi c proteins, hence the antigenic activity of produced lots of PPD.  
Keywords: bovine and avian PPD, proteins, micro-Kjeldahl method

Резюме
Туберкулиновият тест е един от най-старите и широко използвани in vivo диагностични тесто-

ве за откриване на Mycobacterium bovis инфекции при говедата и M. avium инфекции при птици и 
свине. Използваните за теста туберкулини представляват пречистени протеинови деривати (PPD), 
съдържащи смес от антигени - протеини, полипептиди, нуклеинови киселини и полизахариди. Спе-
цифичността и активността на PPD зависят главно от съдържанието на протеини. Цел на разработ-
ката е да се установи количеството протеини в произведени в България сухи и течни PPD от M. bovis 
и M. avium, чрез определяне съдържанието на азот в тях по микро-Келдал метода, протичащ в три 
етапа - изгаряне, дестилация и титруване. Средните загуби на PPD туберкулини в отделните етапи от 
производството достигнаха най-високи стойности при стерилното филтруване, около 25-30%. При 
вложена концентрация на сухо вещество 1 mg/ml получихме 0,98 mg/ml протеин, докато при нефил-
трувания продукт средното количество беше 0,80 mg/ml. При изследване на сухи туберкулини, част 
от пробите бяха разредени, за да се избегне пенообразуването и да се достигне пълното им изгаряне. 
Загубите на протеини бяха около 20%, които може да са в производствения процес, при сушенето на 
туберкулина или при самия анализ (отпипетирване, разреждане на пробите и пр.).

Независимо от загубите на протеини по време на филтрирането на течни нефилтрирани го-
вежди и птичи PPD туберкулини, както и филтрирания краен продукт, този процес е необходим и 
от голямо значение за увеличаване на съдържанието на специфични протеини, следователно и на 
антигенната активност на произведените партиди PPD.

* Corresponding author: mihalkova.g@gmail.com
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Inroduction
The increasing pressure of modern transport 

and commerce requires rapid and simple diagnos-
tic tests to detect Mycobacterium bovis infections, 
in addition to mass-scale surveillance testing pro-
cedures for the inspection of domestic and wild-
life populations infections. In the past century, the 
tuberculin skin test has been the most commonly 
used in vivo diagnostic test worldwide, as a prima-
ry screening test in most countries to diagnose M. 
bovis infections in cattle and M. avium infections in 
birds and pigs (Adams, 2001). 

Many improvements have been made to 
Robert Koch‘s original tuberculin test (Pritchard, 
1988). Contemporary tuberculins are complex mix-
tures of soluble antigens - proteins, polypeptides, 
nucleic acids and polysaccharides, obtained by heat 
treatment and chemical fractionation of liquid cul-
ture from M. bovis or M. avium (purified protein de-
rivative [PPD]) (Francis et al., 1978). The specific-
ity and activity of PPD tuberculins depend mainly 
on the amount of proteins in them, which have the 
ability to induce in the animal organism a specific 
skin reaction of the delayed-type hypersensitivity 
(DTH) (Gilot and Cocito, 1993; Adams, 2001).

The aim of this study was to determine the 
content of proteins in different batches of dry and 
liquid PPD tuberculins produced from M. bovis and 
M. avium in our country and the influence of differ-
ent stages of production such as heating and chem-
ical treatment on the amount of protein in 1 ml of 
ready-made tuberculin.

Material and Methods
The Kjeldahl method is one of the most com-

monly used methods for determining the protein 
content of different types of samples based on mea-
suring the amount of nitrogen in them. The obtained 
amount of nitrogen corresponds to the amount of 
protein in the solution, and represents the antigenic-
ity of tuberculoproteins.

The total nitrogen content was determined in 
different batches of dry and liquid PPD tuberculin. 
Bovine tuberculins were produced from M. bovis 
AN-5, and avian tuberculins from M. avium D4ER, 
recommended by OIE (currently, the World Organ-
isation for Animal Health) as suitable for the pro-
duction of PPD tuberculins (OIE, 2014, 2015). The 
strains were obtained from the European Reference 
Laboratory in Lelystad, the Netherlands.

The nitrogen content in bovine and avian PPD 
tuberculins was determined using micro-Kjeldahl 
procedure (Benton, 1991). Three different batch-

es of dry and liquid ready-to-use bovine (PPD-
24, PPD-25, PPD-28) and avian (PPD-Avium14, 
PPD-Avium18, PPD-Avium20) tuberculins were 
tested. 

The analysis was conducted according to 
the protocol of the Center for Veterinary Biology 
(SAM 513.09) to the USDA (2014). The test sam-
ples were in volumes of 5 ml. In parallel, control 
samples were prepared containing 5 ml of water 
(in liquid tuberculin) or buffer (Na2HPO4 + K2H-
PO4), in which the dry matter was dissolved.

Bovine serum albumin was used as a standard 
at a concentration of 1mg/ml containing ≥ 96% pro-
tein and 14.5-16.5% nitrogen.

The sample analysis was carried out in three 
stages: incineration, distillation and titration. Dur-
ing the burning process, we added 3 ml of H2SO4, 
catalytic tablets (CuSO4 + Na2SO4) as antifoam-
ing agent and silicone as a softener (BUCHI, 2012). 
The combustion was carried out until complete 
discoloration of the samples. Before being tested, 
tuberculins were filtered and diluted 1:2 to avoid 
foaming and to ensure complete burning. After 
cooling, 6 ml of water, 25 ml of 32% NaOH and 

Picture 1. Micro-Kjeldahl equipment for testing
Picture 2. Samples of tuberculin after burning process of 
tuberculins.
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15 ml of 2% H3BO3 were added. In the presence of 
H2SO4, organic nitrogen is converted to (NH4)2SO4. 
By distillation, after the addition of NaOH, ammo-
nia was released which is captured from boric acid 
to form ammonium-borate complex. The residual 
ammonia was distilled with 0.1% HCl. The amount 
of the obtained protein was determined by the for-
mula:
Protein mg/ml = ml sample - the amount of HCl 
necessary for titration of the assayed sample;
ml control - the amount of HCl needed for titration 
of the control sample;
N HCl - normality of HCl (0.01N); FHCl - HCl fac-
tor;
1.4007 – milliequivalent on the weight of 
nitrogen* 100;
6.25 - conversion factor of %N2 in %protein;
10 - Factor of conversion of %protein into protein 
mg/ml.

Results and Discussion
The results obtained in the study of bovine 

tuberculin samples with a starting concentration 
of dry matter of 1 mg/ml are very close. After the 
burning process, the protein content of batch PPD-
28 was the highest - 88% (0.88 mg/ml) and 14.08% 
nitrogen/ml, and the lowest was in PPD-25-80% 
(0.80 mg/ml) protein and 12.8% nitrogen/ml. In 
batch PPD-24, the protein was 83% (0.83 mg/ml) 
and 13% nitrogen/ml (Fig. 1, Table 1).

In the dry avian tuberculin PPD-Avium18 the 
protein content was 92% (0.92 mg/ml) and 14.59% 
nitrogen/ml, in PPD-Avium 20 the protein was 89% 
(0.89 mg/ml) and 24% nitrogen/ml, while PPD-Avi-
um14 showed the lowest values - 78% protein (0.78 
mg/ml) and 12.36% nitrogen/ml (Fig. 2, Table 1).

The ready-to-use bovine tuberculin was 
pre-fi ltered and diluted 1:2. After fi ltration the 
amount of protein in PPD-24 batch was reached 
from 54% to 98% (0.98 mg/ml). The same was ob-
served in the other two batches of bovine tubercu-
lin - 76% (0.76 mg/ml) in PPD-25, and 82% (0.82 
mg/ml) in PPD-28 (Fig. 3, Table 2). In ready-to-use 
avian tuberculin batches, the amount of protein was 
also increased after fi ltration. In PPD-Avium14, the 
amount increased from 48% (0.48 mg/ml) before 
fi ltration to 79% after it, in PPD-Avium 18 from 
52% to 80% (0.80 mg/ml), and in PPD-Avium 20 
from 51% to 72% (0.72 mg/ml) (Fig. 4, Table 2). 

PPD is composed mostly of proteins. Due to 
the specifi city of production, the relative yield of 
PPD tuberculoproteins varies considerably from 
one batch to another. Literary data show that losses 

Fig. 1. Protein content in 1 mg/ml dry bovine PPD 
tuberculin 

Fig. 2. Protein content in 1 mg/ml dry avian PPD 
tuberculin

Fig. 3. Protein content in liquid bovine PPD tubercu-
lin after fi ltration

Fig. 4. Protein content in liquid avian PPD tubercu-
lin after fi ltration
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Batch of tuberculin
Burning 

time
[min]

Protein
[mg/ml]

Protein
[%]

Nitrogen 
[%/ml]

Liquid bovine tuberculin 
diluted 1: 2

PPD 24 45 0.97 97 15.52
PPD 25 45+10 0.76 76 12.16
PPD 28 45+45 0.82 82 13.12

Standard average bovine serum 
albumin - 0.90 90 14.45

Liquid avian tuberculin 
diluted 1: 2

PPD Avium 14 45 0.78 78 12.50
PPD Avium 18 45+10 0.80 80 12.80
PPD Avium 20 45+45 0.72 72 11.52

Standard average bovine serum 
albumin - 0.90 90 14.45

Table 1. Amount of protein and nitrogen in tested batches of dry tuberculin

Table 2. Amount of protein and nitrogen in tested batches of liquid tuberculin

Batch of tuberculin
Burning 

time
[min]

Protein
[mg/ml]

Protein
[%]

Nitrogen 
[%/ml]

Dry bovine 
tuberculin

PPD 24 45 0.83 83 13.00
PPD 25 45+10 0.80 80 12.80
PPD 28 45+45 0.88 88 14.08

Standard average bovine serum 
albumin - 0.92 92 14.72

Dry avian 
tuberculin

PPD Avium 14 45 0.78 78 12.36
PPD Avium 18 45+10 0.92 92 14.59
PPD Avium 20 45+45 0.89 89 14.24

Standard average bovine serum 
albumin - 0.95 0.95 15.20

can reach 35-40%, the highest being in sterile fil-
tration - about 30% loss of proteins, with concen-
tration, precipitation and dehydration accounting 
for only 5-10%. The loss during filtration was due 
partly to adsorption (15%) and partly to the fact that 
a constant volume of culture filtrate remained in the 
Seitz and Berkefeld filters after filtration (15%) 
(Magnusson and Bentzon, 1958; Pritchard, 1988; 
Benton, 1991; USDA, 2014).

Our analyses show that from 1 mg/ml dry 
matter input, after filtration, 0.76-0.98 mg/ml pro-
tein was obtained in ready-to-use bovine tubercu-
lin, and 0.72-0.80 mg/ml protein in avian tubercu-
lin. In the unfiltered product, the average amount 
of protein was 0.78 - 0.92 mg/ml (Tables 1 and 2). 

The protein losses were found to be about 17-20%. 
They can be both in the tuberculin production and 
drying, or in the analysis itself (sample preparation, 
quantity of samples which affects the acid amount, 
type of catalytic tablets, reagents and equipment, 
the time of foaming of incineration, the time of 
burning and distillation of samples). Dry tubercu-
lin is hygroscopic and absorbs moisture, which also 
influences the final result.

Regardless of protein losses during the fil-
tration of liquid unfiltered bovine and avian PPD 
tuberculins as well as the filtered end product, this 
process is necessary and of great importance for in-
creasing the content of specific proteins, hence the 
antigenic activity of produced lots of PPD.
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Abstract
Epstein-Barr virus is associated with a wide range of clinically relevant diseases - from infectious 

mononucleosis to malignant diseases of epithelial and lymphoid origin. The use of serological markers, 
such as predictors of malignant disease or the detection of viral reactivation, are debatable and unsupported 
by many studies. The purpose of this study is to establish positivity in the anti-EA (D) IgG test in patients 
with haematological diseases as a possible marker for viral reactivation.

We examined 91 patients with haematological diseases (acute leukemias and non-Hodgkin‘s lym-
phomas, including chronic lymphocytic leukemia), of which 54.9% (95% CI: 44.2-65.2) were male. The 
age range was from 1 to 83 years, with predominance of older patients. Patients were tested for anti-EA 
(D) IgG with tests of Euroimmun, Germany. The patients positive for anti-EA (D) IgG were also tested for 
EBV-DNA. 

We found 13.2% (95% CI: 6.2 -20.1, n = 12) positive for anti-EA (D) IgG. Patients with non-Hodgkin 
lymphomas predominated (23.1% 95%CI: 11.1-39.3, n=9). Two of the patients were in a gray zone. All 
positive patients were over 60 years of age.

The positive anti-EA (D) IgG samples represent a small proportion of the investigated patients with 
predominance in those with non-Hodgkin’s lymphomas.

Based on our previous experience and the results of this study, we consider that the use of anti-EA (D) 
IgG are not suffi ciently reliable in defi ning EBV reactivation in these patients.
Keywords: Epstein-Barr virus, anti EA (D) IgG, leukemias, non-Hodgkin‘s lymphomas.

Резюме
Epstein-Barr вирусът се асоциира със широк спектър от клинично значими заболявания - от 

добокачествено протичаща инфекциозна мононуклеоза до малигнени заболявания от епителен и 
лимфоиден произход. Използване на серологични маркери, като предиктори на малигнено заболяване 
или за установяване на вирусна реактивация са дискутабилни и неподкрепени с много проучвания. 
Целта на това проучване е да установим позитивност в аnti-EA (D) IgG теста при пациенти с 
хематологични заболявания, като евентуален маркер за вирусна реактивация.

Изследвахме 91 пациенти с хематологични заболявания (остри левкемии и неходжкинови 
лимфоми, вкл. хронична лимфоцитна левкемия), от които 54.9% (95%CI:44.2-65.4) мъже. 
Възрастовият диапазон е 1 г. - 83 г., с преобладаване на по-възрастните пациенти. Пациентите са 
изследвани за anti-EA (D) IgG с тестове на Euroimmun, Germany. Позитивните anti-EA (D) IgG 
пациенти бяха тествани сравнително за определяне на EBV-DNA.

Нашите данни показват 13.2% (95%CI:6.2-20.1, n=12) положителни за anti-EA (D) IgG, с пре-
обладаване на пациентите с Неходжкинови лимфоми (23.1%; 95%CI:11.1-39.3, n=9). При двама от 
пациентите резултатите са в сива зона. Всички положителни пациенти са във възраст над 60 г.

* Corresponding author: ckostadinova@abv.bg
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Положителните анти-ЕА (D) IgG проби представляват малка част от изследваните пациенти. 
Преобладават случаите с неходжкинови лимфоми. Въз основа на предишния ни опит и резултатите 
от това проучване считаме, че използването на анти-ЕА (D) IgG, не е достатъчно надеждно за 
установяване на EBV реактивация при тази група пациенти.

Introduction
The Epstein-Barr virus (EBV) is a DNA virus 

which, after primary infection, persists in B lym-
phocytes. This determines the possibility of reac-
tivation, especially in immunocompromised and 
immunosuppressed patients. As a result of multiple 
studies, EBV has been associated with a number of 
oncogenic diseases in humans (Cohen, 2000). 

Usually, the diagnosis of primary infection is 
based on the detection of a combination of serolog-
ical markers (anti-VCA IgM/IgG and anti-EBNA 1 
IgG) (De Paschale, Clerici, 2012). Viral reactiva-
tion, however, remains a major challenge for lab-
oratory diagnostics and there are still no uniform 
criteria for EBV positivity.

Polymerase chain reaction (PCR), particular-
ly in immunocompromised patients, is considered 
to be the best option (Brengel-Pesce et al., 2002; 
Holmes et al., 2002), but it is not routinely used in 
the diagnostics of EBV reactivation in our coun-
try due to the high cost. Based on a literature re-
view, we tried to establish a serological marker that 
could be used as initial screening for viral reactiva-
tion. Some authors have detected reappearance of 
anti-VCA IgM , but in a small (5.8%) percentage 
of cases (Obel et al., 1996). Others have found an 
increase in the amount of anti-VCA IgG (Rahman 
еt al., 1991), seroconversion of anti-EA IgM, con-
comitant anti-EA IgM and anti-EBNA1 IgG sero-
positivity (Obel et al., 1996), quantitative determi-
nation of anti-EA in paired serum samples (Wohl-
rabe et al., 1989). 

The aim of this study was to establish posi-
tivity in the anti-EA (D) IgG test in patients with 
haematological diseases as a possible marker for 
viral reactivation.

Materials and Methods
Study population

 Ninety-one patients with hematological dis-
eases (acute leukemia and non-Hodgkin’s lympho-
mas including chronic lymphocytic leukemia) were 
investigated for аnti - EA (D) IgG, of them 54.9% 
(95%CI: 44.2-65.4) were male. The average age 
was defined as 50.7 years (SD ± 19.96; range of 
1 - 83 years). 

Anti-VCA IgM/IgG data were available for 
anti-EA (D) IgG positive patients only. Serological 

samples were examined once without monitoring 
of dynamic changes.

Мethods
1. Serological methods
Indirect ELISA was used for anti-EA (D) IgG 

and anti VCA IgM/IgG. When calculating the IgM 
results, the semi-quantitative method was applied: 
Ratio = Extinction of the sample/Extinction of cal-
ibrator. Positive samples had a ratio > 1.1; negative 
samples had a ratio < 0.8; and ratios between 0.8 
and 1.1 were considered borderline. For IgG, the 
quantitative method for defining positive and nega-
tive samples was used by constructing a calibration 
curve (Cal 1 = 200 RU/ml, Cal 2 = 20 RU/ml, Cal 3 
= 2 RU/ml, where RU/ml is relative units/ml). Pos-
itive results were ≥ 22 RU/ml; negative samples < 
16 RU/ml; and borderline results were between 16 
and 22 RU/ml.

2. PCR methods
DNA was extracted from 150 μl plasma using 

Kit Ribo Virus (Sacace Biotechnologies S.r.l., 
Como, Italy). Amplification was performed with 
EBV Real-TM Quant (Sacace Biotechnologies 
S.r.l., Como, Italy) following the standard 
manufacturer’s instructions in reaction volumes of 
25μl and using the QuantStudio Dx Real-Time PCR 
Instrument (Thermo Fisher Scientific, Waltham, 
MA USA). The target amplification region is the 
latent membrane protein (LMP) gene of EBV and 
the sensitivity of the kit is reported to be > than 200 
copies/ml with a linear range of 500-106 EBV DNA 
copies/ml. 

3. Statistical methods
Proportion, confidence intervals, average 

age, and standard deviation were calculated. We 
used chi square test to compare the data. Values of 
p < 0.05 were considered statistically significant.

Results
Of the patients investigated for anti-EA (D) 

IgG, more than half (57.1%) were with acute leu-
kemia and most notably with acute myeloid leu-
kemia (Fig. 1).

Positive results were found in 13.2% of the 
patients (95% CI: 6.2-20.1, n=12), with the high-
est proportion of patients with follicular lympho-



234

ma - 50.0%, who represented, however, a very 
small proportion of the patients studied (Table 1). 
Overall, positive results prevailed in patients with 
non-Hodgkin’s lymphomas, unlike patients with 
acute leukemia (p = 0.03). For two of the patients 
the results were in the gray area. All positive results 
were in patients over 60 years of age. Those who 
were anti-EA (D) IgG positive were also anti-VCA 
IgG (+) / anti-VCA IgM (-).

The patients positive for anti-EA (D) IgG 
were also tested for EBV-DNA. In three of the 
samples with NHL (2-CLL, 1-FL) EBV-DNA was 
detected. The viral load was below 500 copies/ml 
(Table 2).

Discussion 
While in immunocompetent individuals the 

primary goal is to identify the type of infection – 
whether it is primary or past, or to rule it out (Gärt-
ner et al., 2003), in immunocompromised individu-
als the diagnosis is mainly related to early detection 
of viral replication, which is of high prognostic val-
ue (Gärtner et al., 2000). 

The early antigen (EA) complex is expressed 
during the lythic phase of the EBV life cycle and the 
antibodies against EA (D) of the IgG class appear 
in the course of primary infection in some patients. 
Typically, titres increase in the first 3-4 weeks and 
remain steady for about 3-4 months. Their detec-
tion is also associated with the reactivation of the 
infection due to impaired immune system control 
on viral replication (De Paschale and Clerici, 2012).

The patients tested for anti-EA (D) IgG in 
this study exhibited no evidence of primary infec-
tion. Although anti-EA (D) IgG are positive up to 3 
months after the onset of symptoms, in some cases 
they can be detected years later (De Paschale and 
Clerici, 2012). 

Anti-EA (D) IgG have been subject of anoth-
er study of ours, in which patients with infectious 
mononucleosis, non-Hodgkin‘s and Hodgkin‘s 
lymphomas, and other haematological diseases 
were tested. The highest percentage (55.6%) of 
positive results was detected in patients with pri-
mary infection. In the remaining patients, the pos-
itive results were close to those found in this study 
(8.5%).

Immunocompromised patients have dysfunc-
tion in the production of antibodies, which may 
lead to atypical serological profiles (Wagner et al., 
1992). Molecular biological methods and especial-
ly Quantitative Real-time PCR are the methods of 
choice since viral load determination can be useful 
to identify those at high risk of developing compli-
cations caused by EBV (Brengel-Pesce et al., 2002; 
Holmes et al., 2002).

EBV-DNA was found in 25.0% of the posi-
tive patients in the serological test. A limitation in 
our study is the lack of PCR data for the anti-EA 
(D) IgG negative patients.

Fig. 1. Distribution of the patients depending on the histological variant

Subtype N, (%) + anti- EA (D), 
n (%)

DLBCL 16 (17.6)  
FL 2 (2.2) 1 (50.0)
HLL 20 (22.0) 8 (40.0)
Peripheral T cell 1 (1.1)  
ALL 14 (15.4)  
AML 38 (41.8) 3 (7.9)

Table 1. Characteristics of the patients positive for 
anti EA (D) IgG
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Conclusion
Based on the results obtained in this study, 

we believe that a single anti-EA (D) IgG test is not 
a convincing marker for detection of viral reactiva-
tion in patients with haematological diseases.
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 No Diagnosis anti- EA (D) EBV-DNA
141 CLL 162.5 RU/ml 50 c/ml

1012 FL 42.1 RU/ml 228 c/ml
1239 CLL 65.6 RU/ml 32 c/ml

Table 2. Patients with detectable EBV-DNA
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Konstantin Simeonov*, Mariela Chilingirova
Laboratory for Chlamydial and Rickettsial Diseases, National Diagnostic and Research Veterinary 
Medical Institute “Prof. Dr. George Pavlov”, 1606 Sofi a, Bulgaria

Abstract
The results of the polymerase chain reaction (PCR) and serological testing for Chlamydia abortus 

and Coxiella burnetii of abortion submissions (placentaе or foetal organ samples) and sera from 56 sheep 
and 54 goats are presented. The samples were submitted for routine diagnostic procedures at the Laboratory 
for Chlamydial and Rickettsial Diseases, National Diagnostic and Research Veterinary Medical Institute 
(NDRVMI), during a fi ve-year period (2013-2018). Samples from 48 sheep and 28 goats were tested by 
conventional PCR for the presence of one or both infections, while other 34 small ruminants were inves-
tigated only serologically by ELISA. In some cases one and the same animal was tested both serologi-
cally and by PCR. Of the 43 ovine and 24 caprine samples tested for C. abortus by PCR, positive results 
were obtained in 24 (35.8%), 18 (41.9%) ovine and 6 (25%) caprine samples, respectively. Five of the 12 
PCR-tested goat samples were positive for C. burnetii, whereas no sample of the 17 sheep tested showed 
presence of this agent. Antibodies against these two intracellular bacteria were detected in 20 (23%) out of 
87 sera from aborted animals, suggesting, or confi rming their probable etiological role. The results show 
that C. abortus plays a leading role as a cause of abortions in small ruminants as a whole, but C. burnetii, 
too, should not be ignored, especially presuming its zoonotic potential.
Keywords: Chlamydia abortus, Coxiella burnetii, small ruminants, abortions

Резюме
Представени са резултатите от молекулно-биологични (PCR) и серологични изследвания на 

проби от фетуси и плаценти, както и серуми от 56 абортирали овце и 54 кози по отношение на Chla-
mydia abortus и Coxiella burnetii. Материалите са постъпили за рутинно диагностично изследване в 
лаборатория „Хламидии и рикетсии“ на НДНИВМИ в периода 2013-2018 г. Проби от 48 овце и 28 
кози бяха тестирани чрез конвенционална PCR за наличие на едната или на двете инфекции, докато 
други 34 дребни преживни бяха изследвани само серологично чрез ELISA. Някои от животните бяха 
изследвани както чрез PCR, така и серологично.От изследваните чрез PCR за C. abortus 43 проби от 
овце и 24 от кози, положителен резултат бе получен при 24 (35,8%) от тях, съответно 18 (41.9%) овце 
и 6 (25%) кози. Пет от 12 PCR тестирани кози бяха положителни за наличие на C. burnetii, докато 
този агент не бе доказан в нито една от 17 изследвани овце. Антитела срещу тези две вътреклетъчни 
бактерии бяха доказани в 20 от 87 серума от абортирали животни, което предполага или потвържда-
ва етиологичното им участие в наблюдаваната патология. Резултатите показват, че C. abortus играе 
водеща роля като абортоген при дребните преживни животни като цяло, но значението на C. burnetii 
също не трябва да бъде подценявано, особено от гледна точка на зоонозния и потенциал.

* Corresponding author: kbsimeonov@yahoo.com

Introduction
Keeping stock ruminants in a good reproduc-

tive condition is a problem of great importance, 
since, apart from obtaining offspring, it is related to 

lactation after birth. Therefore, any failures in the 
reproductive process, including abortions, could 
lead to signifi cant economic losses (Longbottom et 
al., 2013).

The spectrum of pathogenic agents causing 
reproductive disorders in small ruminants is too 
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wide, including infectious agents of viral origin 
(caprine herpesvirus-1 (CHV-1), Border disease 
virus, Bluetongue virus), bacteriaе (Brucella spp., 
Salmonella spp., Listeria monocytogenes, Campy-
lobacter spp, Chlamydia abortus, Coxiella burnet-
ii) and parasites (Neospora caninum, Toxoplasma 
gondii) (Masala et al., 2007; Givens and Marley, 
2008; Moreno et al., 2012). The identification of 
abortion causes is essential not only for the devel-
opment of rational therapeutic and prophylactic 
measures, but also because it is also relevant to hu-
man health as some of these agents have zoonotic 
potential (EFSA Panel on Animal Health and Wel-
fare, 2010; Moreno, 2014).

In this study we present data on abortions in 
small ruminants in the Republic of Bulgaria, diag-
nosed for a five-year period in the National Diag-
nostic and Research Veterinary Medical Institute, 
Sofia, with emphasis on those caused by C. abortus 
and C. burnetii.

Materials and methods
Samples from placental cotyledons and fe-

tal organs, or blood samples from aborted animals 
were submitted for routine diagnostic procedures 
to the National Diagnostic and Research Veterinary 
Medical Institute. All samples (up to three) from 
animals from one and the same farm were pro-
cessed and reported as one. The placentae and fetal 
organs were tested for C. abortus and C. burnetii by 
conventional PCR. Total tissue DNA was extract-
ed using commercial kits (Tissue & Cell Genomic 
DNA Mini Kit, Guangzhou Geneshun Biotech, Ltd. 
and Animal and Fungi DNA Preparation Kit, Jena 
Bioscience) according to the manufacturer’s in-
structions. PCR for the detection of C. abortus was 
performed with primers CpsiA (5’-ATG AAA CAT 
CCA GTC TAC TGG-3’) and CpsiB (5’-TTG TGT 
AGTATAT ATC AAA-3’) and cycling parameters 
as described by Laurucao et al., 2001. Two variants 
of PCR using differed primer sets were used to de-
tect C. burnetii. In the first one, primer pair C.B.1/
C.B.2 with sequences 5’-TTG TGT AGT AAT ATT 
ATC AAA-3‘and 5’ -TAG CTG AAG CCA ATT 
CGC C-3‘, respectively, was used to amplify a re-
gion of 257 base pairs (bp), encompassing the gene 
encoding superoxide dismutase (Stein and Raoult, 
1992). Primers Trans1/2, targeting the insertion se-
quence IS111 gene, were used in the second PCR 
reaction and generated a product of 678 bp (Berri 
et al., 2000).

All PCR reactions were performed on a QB-
96 (LKB) thermocycler, and the amplification 

products obtained were analyzed by 1.5% agarose 
gel electrophoresis.

To test for the presence of antibodies against 
C. burnetii and C. abortus, commercial ELISA kits 
(IDEXX Laboratories) were used according to the 
manufacturer‘s instructions.

Results
Aborted placenta and fetal organ samples 

from 48 sheep and 28 goats were received at the 
Laboratory for PCR testing for C. abortus and/or C. 
burnetii between 2013 and 2018. In addition, only 
blood samples from 8 aborted sheep were sent for 
detection of antibodies against C. abortus and an-
other 22 sheep blood samples were sent simultane-
ously with tissue samples from the same animals in 
order to refine, or confirm the diagnosis. Thirty-one 
blood samples from goats were sent for serological 
diagnosis of these two infections.

The results of PCR detection of C. abortus 
and C. burnetii from placental cotyledons and abort-
ed fetuses, and serology are presented in Table 1.

Of a total of 43 sheep and 24 goat samples, 
PCR testing identified presence of C. abortus in 24 
(35.8%) cases, 18 (41.9%) in sheep and 6 (25%) in 
goats, respectively. In 15 out of 49 (30.6%) sheep 
and goat sera, the probable etiological role of C. 
abortus in abortions was suggested, or confirmed 
based on a positive result for the presence of anti-
bodies. Five of the 12 C. burnetii PCR-tested goat 
samples were positive. However, none of the 17 
sheep tested showed presence of this agent.

Antibodies against C. burnetii were found in 
5 (13.2%) of a total of 38 sheep and goat sera test-
ed. In one flock of goats, this infectious agent was 
demonstrated in the placentas of two animals, how-
ever, the sera from the same animals showed a neg-
ative result for antibodies against C. burnetii when 
assayed by ELISA. Two sera from one goat flock 
were positive for antibodies against both C. abortus 
and C. burnetii. However, co-infection with both 
agents was not observed in any of the samples test-
ed by PCR.

Discussion
Although many infectious agents have been 

implicated as causes of abortion in small ruminants, 
some of them have a major role in the context of 
their zoonotic potential or economic losses they 
cause. Thus, it is strongly recommended that they 
should be included in the diagnostic protocol, es-
pecially if there is a relationship with the available 
clinical and epizootiological data. In our laboratory, 
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all samples received from aborted sheep and goats 
were tested for presence of C. abortus and C. bur-
netii as the most probable abortifaciens.

The analysis of the results from the diagnos-
tic investigations showed that C. abortus played 
a major role as an abortifacient agent in the small 
ruminant population in Bulgaria during the period 
2013-2018, inducing 35.8% of the abortions. This 
is not surprising, taking into account the results 
from the available literature, indicating its major 
economic importance as a problem in reproductive 
pathology in a number of countries (Szeredi et al., 
2006; Longbottom et al., 2013; Van Engelen et al., 
2014). Previous serological and etiological inves-
tigations (isolation in CE, IF identification or EM 
observation) in Bulgaria have also noted the im-
portant role of C. abortus as a cause of abortion in 
small ruminants in this country (Martinov, 2009). 
This indicates a sustainability of the infection from 
epizootological point of view, regardless of the 
changes that have occurred in the sheep and goat 
farming practices in the last 20 years. Serological 
detection of antibodies in the sera obtained from 
the same animals that tested positive by PCR, con-
firmed the diagnosis and showed that it could be 
successfully used as a method for establishing the 
circulation of the infection at herd level, especially 
if no tissue samples were available.

Although C. burnetii infection is a well-
known etiological factor in small ruminant abor-

tions (EFSA Panel on Animal Health and Welfare, 
2010; Agerholm, 2013), this agent was demon-
strated by PCR in only five clinical cases during 
the whole study period, all of them in goats. Such 
a phenomenon was also noted by Van Engelen et 
al. (2014) in the Netherlands during the 2012-2013 
lambing season, when no case of abortion caused 
by Coxiella burnetii was reported, in contrast to 
previous years (up to 2010) (Van den Brom et al., 
2012), when these cases exceeded 10% and there 
were epidemic outbreaks of Q-fever in the coun-
try in 2007-2010, affecting more than 4000 people. 
In addition, of the 33 blood samples obtained from 
aborted animals or randomly selected from flocks 
with a high rate of abortions, antibodies were found 
in only 5 (15.2%). These results significantly dif-
fer from previous surveys of sheep and goats with 
abortions or similar pathology (premature birth or 
miscarriage), when seroprevalences of 22.6% in 
goats and 43.65% in the sheep were reported (Mar-
tinov, 2005; 2007). The reasons for these differenc-
es are not clear. Firstly, it is a well-known fact that 
some animals infected with C. burnetii do not sero-
convert (Rodolakis et al., 2007; Serano-Perez et al., 
2015). In this study, two goats which had aborted 
and tested positive for C. burnetii by PCR showed 
negative results when tested by ELISA two weeks 
after abortion. Secondly, the number of blood sam-
ples tested in this study is too small as compared to 
previous surveys, so the difference is not statistical-

Note: The number of tests performed for C. abortus, C. burnetii does not correspond to the total number of sample submissions 
since some of them were tested simultaneously for both infections and the samples from animals originated from one and the 
same farm were processed and reported as one.
The given results are only from serological testing for antibodies against C. burnetii of blood samples from aborted animals or 
animals from herds with increased abortion rates, sent for the purpose of diagnosis. The results from serological surveys within 
the frame of monitoring programs or official surveillance are not included.

Year 
sheep goat

PCR serology PCR serology

C. abortus C. burnetii C. abortus C. burnetii C. abortus C. burnetii C. abortus C. burnetii

2013 2/ 2 3/0 7/1 - 3/ 1 1/1 4/3 3/2
2014 12/ 2 1/0 9/1 - 6/ 3 2/1 1/0 -
2015 5/ 4 4/0 3/0 2/0 4/ 1 3/0 7/0 7/0
2016 6/ 0 3/0 5/2 4/0 4/ 0 1/0 4/2 4/0
2017 11/7, 2/0 3/3 2/0 4/1 3/1 - 9/1
2018 7/3, 4/0 3/3 2/2 3/0, 2/2 3/0 5/0
Total 43/18 17/0 30/10 10/2 24/6 12/5 19/5 28/3

Table 1. Number of tested animals and positive for antibodies and DNA of C. abortus and C. burnetii by 
years
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ly trustworthy.
All five C. burnetii PCR-positive samples 

identified in our investigation were from goats. 
From the epidemiological point of view, this is 
important since infected small ruminants and es-
pecially goats are suspected as the main source of 
Q fever cases in humans (EFSA Panel on Animal 
Health and Welfare, 2010; Mori and Roest, 2018). 
This underlines the necessity to include C. burnetii 
in the diagnostic plan in all cases of abortion in or-
der to quickly identify its presence and undertake 
appropriate therapeutic and prophylactic measures 
to prevent zoonotic risk.

References
Agerholm, J. (2013). Coxiella burnetii associated reproduc-

tive disorders in domestic animals-a critical review. Acta 
Vet. Scand. 55: 13.

Berri, M., K. Laroucau, A. Rodolakis (2000). The detection of 
Coxiella burnetii from ovine genital swabs, milk and fe-
cal samples by the use of a single touchdown polymerase 
chain reaction. Vet. Microbiol. 72: 285-293.

EFSA Panel on Animal Health and Welfare(AHAW) (2010). 
Scientific Opinion on Q Fever. EFSA J. 8: 1595. 

Givens, D., M. Marley (2008). Infectious causes of embryon-
ic and fetal mortality. Theriogenology 70: 270-285.

Laroucau, K., A. Souriau, A. Rodolakis (2001). Improved 
sensitivity of PCR for Chlamydophila using pmp genes. 
Vet. Microbiol. 82: 155-164.

Longbottom, D., G. Entrican, N. Wheelhouse, H. Brough, C. 
Milne (2013). Evaluation of the impact and control of en-
zootic abortion of ewes. Vet. J. 195: 257-259.

Martinov, S. (2005). Serological investigations and isolation 
of Coxiella burnetii from sheep. Vet. Med. IX: 16-22.

Martinov, S. (2007). Studies on the Q-Rickettsial infection in 
goats. Vet. Med. XI: 18-25.

Martinov, S. (2009). Etiological and clinical studies on chla-

mydioses of ruminants. Vet Med. XIII: 26-34.
Masala, G., R. Porcu, C. Daga, S. Denti, G. Canu, C. Patta, S. 

Tola (2007). Detection of pathogens in ovine and caprine 
abortion samples from Sardinia, Italy, by PCR. J. Vet. Di-
agn. Invest. 19: 96-98.

Moreno, B., E. Collantes-Fernández, A. Villac, A. Navarroc, J. 
Regidor-Cerrillo, L. M. Ortega-Mora (2012). Occurrence 
of Neospora caninum and Toxoplasma gondii infections in 
ovine and caprine abortions. Vet. Parasitol. 187: 312-318. 

Moreno, E. (2014). Retrospective and prospective perspec-
tives on zoonotic brucellosis. Front. Microbiol. 5: 213.

Mori, M., H. J. Roest (2018). Farming, Q fever and public 
health: agricultural practices and beyond. Arch. Public 
Health 76: 2.

Rodolakis, A., M. Berri, C. Héchard, C. Caudron, A. Souriau, 
C. Bodier, B. Blanchard, P. Camuset, P. Devillechaise, J. 
Natorp, J. Vadet, N. Arricau-Bouvery (2007). Comparison 
of Coxiella burnetii shedding in milk of dairy bovine, cap-
rine, and ovine herds. J. Dairy Sci. 90: 5352-5360.

Serrano-Pérez, B., S. Almería, J. Tutusaus, I. Jado, P. Anda, E. 
Monleón, J. Badiola, I. Garcia-Ispierto, F. López-Gatius 
(2015). Coxiella burnetii total immunoglobulin G, phase 
I and phase II immunoglobulin G antibodies, and bacteri-
al shedding in young dams in persistently infected dairy 
herds. J. Vet. Diagn. Invest. 27: 167-176.

Stein A., D. Raoult (1992). Detection of Coxiella burnetii by 
DNA amplification using polymerase chain reaction. J. 
Clin. Microbiol. 30: 2462-2466.

Szeredi L., S. Jánosi, M. Tenk, L. Tekes, M. Bozsó, Z. Deim, 
T. Molnár (2006). Epidemiological and pathological study 
on the causes of abortion in sheep and goats in Hungary 
(1998-2005). Acta Vet. Hung. 54: 503-515.

Van den Brom R., K. Lievaart-Peterson, S. Luttikholt, K. Pep-
erkamp, W. Wouda, P. Vellema (2012). Abortion in small 
ruminants in the Netherlands between 2006 and 2011. Ti-
jdschr Diergeneeskd. 137: 450-457.

Van Engelen, E., S. Luttikholt, K. Peperkamp, P. Vellema, R. 
Van den Brom (2014). Small ruminant abortions in the 
Netherlands during lambing season 2012–2013. Vet. Rec. 
174: 506.



240

ACTA MICROBIOLOGICA BULGARICA Volume 34 / 4 (2018)

Bacteroides fragilis Isolated from Blood Culture. 
First Case In Our Hospital

Zeynep Dansuk1, Oguz Alp Gurbuz1, Duygu Öcal1, Mustafa Güney2, Hatice Uzar3, 
Gül Erdem1

1University of Health Sciences, Dışkapı Yıldırım Beyazıt Training and Research Hospital, 
Department of Medical Microbiology, Ankara, Turkey
2University of Health Sciences, Gülhane Training and Research Hospital, Department of Medical 
Microbiology, Ankara, Turkey
3University of Health Sciences, Dışkapı Yıldırım Beyazıt Training and Research Hospital, 
Department of Infectious Diseases and Medical Microbiology, Ankara, Turkey

Abstract 
The latest guidelines indicate that both an aerobic and an anaerobic bottle should be present in a blood 

culture set. In our laboratory, aerobic and anaerobic bottles have been used together for more than 10 years.
Here we report a case of Bacteriodes fragilis isolated from blood culture of an 88-year-old patient 

with colon adenocarcinoma. Although this isolate could not be shown to be the causative agent of  true bac-
teremia, it being the fi rst anaerobic agent isolated from blood culture in our laboratory, we aimed to draw 
attention to the importance of using anaerobic blood culture bottles in blood culture sets.
Keywords: Bacteriodes fragilis, blood culture, anaerobic

Резюме
Най-новите изследвания показват, че в набор за кръвни култури трябва да присъстват както 

аеробни, така и анаеробни бутилки. В нашата лаборатория двата вида бутилки се използват заедно 
повече от 10 години. Тук докладваме случай на Bacteriodes fragilis, изолиран от кръвна култура на 
88-годишен пациент с аденокарцином на дебелото черво. Въпреки че, този изолат не може да се 
окаже причинител на истинска бактериемия, тъй като това е първият анаеробен агент, изолиран от 
кръвната култура в нашата лаборатория, си поставихме за цел да привлечем вниманието към значе-
нието на използването на анаеробни бутилки в комплекти за кръвна култура.

* Corresponding author: gul-bahar93@hotmail.com

Inroduction
Bacteriodes fragilis; an important non-

spore forming gram-negative obligate anaerobic 
pathogen, is a predominant member of the human 
gastrointestinal microbiota. Although being 
commensal, they can be opportunistic pathogens 
that cause  life-threatening infections like peritonitis, 
abscesses and bacteremia (Sárvári et al., 2017).

B. fragilis is usually sensitive to metronidazole, 
carbapenems and beta lactam antibiotics. Although 
single antibiotic resistant strains have been reported, 
multi-drug resistant strains are very rare. (Nagy et 
al., 2011; CDC, 2013).

Here, we report a case of  B. fragilis isolated 
from blood culture in our hospital for the fi rst time.  

Case Presentation
An 88-year-old man with Alzheimer disease 

admitted to our hospital with complaints of som-
nolence, general impairment and decreased oral 
intake.

He was hospitalized with the pre-diagnosis of 
acute renal failure as his blood sodium and creati-
nine were detected as 154 mEq/L and 2.9 mg/dL, 
respectively. After hospitalization, pneumonia was 
diagnosed, moxifl oxacin was prescribed, and pip-
eracillin-tazobactam was added to the therapy on 
the fi fth day of hospitalization due to his ongoing 
fever. Urine and blood cultures were performed. 
There was no growth in urine culture and Staphylo-
coccus intermedius was isolated from the blood cul-
ture. Daptomycin was added to the therapy. Colo-
noscopy and biopsy was performed on suspicion of 
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colon cancer,  when gastrointestinal bleeding was 
detected.  On the seventh day of meropenem and 
fifth day of daptomycin, another set of blood cul-
ture (1 aerobic, 1 anaerobic)  was obtained. 

The blood culture sample was incubated in a 
Bactec FX200 (BD, USA) automated system. After 
4 days of incubation, a positive signal was detected 
in the anaerobic bottle. Gram stain and subcultures 
were performed. Gram-negative thin bacilli were 
observed by Gram stain whereas no growth was 
observed on the blood and EMB agars which were 
incubated aerobically. As the specimen from the an-
aerobic bottle was again subcultured into an aerobic 
and anaerobic bottle and same result was obtained, 
presence of an anaerobic agent was suspected and 
the blood culture bottle was sent to another center 
for further anaerobic identification. After anaerobic 
isolation, the strain was identified as B. fragilis by 
MALDI-TOF MS (Bruker, Germany). Pathology 
was detected as intramucosal adenocarcinoma. Co-
lonoscopy may cause bacteremia because it disrupts 
the integrity of the intestine, but this case was not 
thought to be related to the procedure since it was 
taken before colonoscopy. There was no growth in 
repeated blood cultures and the patient was trans-
ferred to a palliative care giving center.

Discussion
B. fragilis is the most common anaerobic 

bacteria isolated from a blood culture with high re-
sistance percentage to penicillins, cephalosporins 
and tetracycline, moderate resistance percentage to 
cefoxitin, clindamycin and moxifloxacin, and low 
resistance percentage to carbapenems, beta-lact-
am/-lactamase combinations, metronidazole and 
tigecycline are detected (Snydman et al., 2010; 
Brook, 2016). B. fragilis produce metallo-β-lact-
amase, encoded by the cfiA gene (Thompson and 
Malamy, 1990). Ulger Toprak and colleguaes in 
their study detected  carbapenemase metallo-b-lac-
tamase gene (cfiA) in 27% of anaerobic isolates, 
all of which were B. fragilis (Ulger Toprak et al., 
2004). Here in this case, isolation of B. fragilis 
during meropenem treatment indicated the possi-
bility of carbapenemase production of the isolate.

An anaerobic blood culture is mostly helpful 
when the patient is immunocompromized, and ob-
ligate anaerobic bacteremia is suspected.

In our country, the rate of anaerobic growth in 
blood cultures varies between 0.4-4%. (Kiremitçi, 
2008; Akyar and Yaman, 2011). Although  the use 
of ananerobic bottles has been questioned previous-
ly, in recent studies and guidelines the use of both  

aerobic and anaerobic bottles has been mentioned  
meaningfully both in terms of detecting contami-
nants, anaerobic and facultative anaerobic bacteria 
(Akyar and Yaman, 2011). In our labortory we have 
been using both aerobic and anaerobic bottles to-
gether for more than  10 years. 

Although this isolate could not be shown to 
be the causative agent of  true bacteremia, it being 
the first anaerobic agent isolated from blood culture 
in our laboratory, we aimed to draw attention to the 
importance of using anaerobic blood culture bottles 
in blood culture sets.
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Events

THE CHALLENGES OF THE MICROWORLD

14th CONGRESS OF MICROBIOLOGISTS IN BULGARIA
WITH INTERNATIONAL PARTICIPATION

Th e book titled “14th Congress of Microbiologists in Bulgaria with International Participation” is not 
only beautifully designed. Inside, the program and the proceedings stir up one’s curiosity about the world 
that can be observed under a microscope. Upon more thorough reading, specialists in this fi eld will not fail 
to sense the throbbing microworld and be excited about its mysteries. Step by step, researchers manage to 
uncover some of those mysteries. Th eir latest fi ndings were presented at a big scientifi c forum that took place 
in the ancient Bulgarian town of Hisarya from October 10th  to 13th, 2018.

More than 150 participants representing all branches of the microbiological science from Bulgaria, 
Romania, Croatia, Serbia, Republic of Macedonia, Turkey, Italy and the Netherlands attended this major 
scientifi c event. Of the 100 or so papers presented, 26 were plenary and the quality of the research papers 
was exceptionally high. Bulgarian researchers presented their latest achievements that are in line with the 
contemporary trends and tendencies in the world microbiological science. Th e congress was attended by 
the President of the Federation of European Microbiological Societies (FEMS), Prof. Bauke Oudega, and the 
Chairwoman of the Union of Scientists in Bulgaria, Prof. Diana Petkova.

Th e virologists present were highly intrigued by the studies of Prof. Dr. A. Arzu Sayiner, Secretary 
General of Turkish Society of Microbiology. She presented her research on hepatitis E virus - a food-borne 
infection fairly common across the world that has been discussed in the European Union, but has still 
not received suffi  cient attention in Bulgaria. Professor Sayiner‘s contribution is that, by applying molecular 
biological methods, she has been able to detect four hepatitis E genotypes. Genotypes 1 and 2 infect only 
humans, while genotypes 3 and 4 are represented in the animal kingdom. Th ese studies are of particular im-
portance for organ transplant patients undergoing immunosuppressive therapy as well as for HIV-positive 
individuals, who are frequently infected with hepatitis.

Due recognition was also given to the Institute of Microbiology at the Bulgarian Academy of Sciences. 
Th e team headed by Academician Angel Galabov presented three posters featuring an original method for 
the treatment of enteroviral infections. Enteroviruses are known to change easily and become resistant to 
drugs applied against them, which is observed with mono-preparations. Combinations of two preparations 
also lead to viral resistance - the so-called dual resistance. Th e innovative method involves a consecutive 
alternative administration of anti-enteroviral agents with a known mechanism of action. “We have achieved 
an optimal antiviral eff ect in triple combinations”, was Academician Galabov’s fi rm statement. “Th is will 
hopefully be of great practical importance in the management of diseases such as summer fl u, meningitis, 
eye infections, pericarditis, myocarditis, etc.” In the combination applied so far, only one compound – ple-
conaril, has passed testing in human subjects. Experiments with two other compounds that have passed a 
double-blind testing in human subjects are forthcoming. Researchers will have to ascertain that the new 
triple combination has the desired healing eff ect in laboratory conditions. Only then will its clinical appli-
cation become possible.

A product jointly developed by the Institute of Microbiology, Bulgarian Academy of Sciences, and the 
Institute of Organic Chemistry with Centre of Phytochemistry was also presented. It refers to over 80 com-
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pounds tested against Coxsackie B viruses and polio virus. The ultimate goal of the investigation is to obtain 
novel highly effective compounds.

Special emphasis was placed on gene silencing, discussed by Assoc. Prof. Nikolay Petrov of New Bul-
garian University. He spoke about the role of the so-called small interfering RNAs in the fight against human 
enterovirus infections. Assoc. Prof. Petrov explained that gene silencing is a process in which gene expres-
sion is suppressed. Researchers are now seeking to use this mechanism, which normally functions in the 
body, for various purposes. One of them is to suppress the genes of pathogenic viruses and prevent them 
from invading the body.

Prof. Dijana Škorić from Zagreb, who is a phytopathologist, presented interesting data revealing that 
plants contain various pathogenic complexes that may cause diseases or asymptomatic infections. The pur-
pose of her studies is to show, through such complexes, the interaction between plants and the agents caus-
ing diseases in them.

In the field of general microbiology, the team led by Assoc. Prof. Robert Penchowski from the Facul-
ty of Biology of Sofia University delivered a series of excellent reports on the “Design and Applications of 
Functional and Antisense Nucleic Acids for the Development of New Drugs”. These studies open the way 
for new antibiotics by inhibiting the growth of human pathogenic bacteria using antisense oligonucleotides, 
which bind to bacterial riboswitches. Another issue of interest in general microbiology was the report by 
Assoc. Prof. Stoyanka Stoitzova from the Institute of Microbiology, Bulgarian Academy of Sciences. She 
demonstrated that bacteria form biofilms that are tougher to attack by antibiotics. In fact, it is an adaptive 
mechanism in the life of microorganisms, a collective way of survival, which is of great importance in bac-
terial infections. It is disintegrated microorganisms that are usually studied. However, species-specific as 
well as strain-specific responses to treatment are not identical to biofilm responses. That is the reason for the 
serious problems arising in the search for effective antibacterial agents.

In the field of medical microbiology, Prof. Mariana Mourdjeva, Deputy Rector of the Medical Uni-
versity of Plovdiv, reported results with important practical application. She recommended that specialists 
in orthopaedics and traumatology should not ignore the need for microbiological control when they start 
treatment procedures, which would help avoid and save their patients bacterial infections.

The report of Prof. Stefan Panayotov from the National Centre of Infectious and Parasitic Diseases 
was very helpful for the clinical practice. Prof. Panayotov highlighted the fact that blood is not sterile and 
there is presence of bacterial microbiome in it. The Bulgarian scientist believes that latent tuberculosis is due 
to reactivation of mycobacteria circulating in the blood. Prof. Viliam Monev made a fascinating in-depth 
analysis of the evolution of the mechanisms through which infections are transmitted.

A prominent place in the vast number of reports on immunology issues was occupied by the investi-
gations of the team led by Assoc. Prof. Anastas Pashov, whose efforts are focused on the molecular mecha-
nisms underlying the immunogenicity of biological drugs, and also on the structural basis of the antibody 
specificity and polyspecificity. The report of Assoc. Prof. Petya Dimitrova on the role of neutrophils in the 
pathogenesis of inflammatory and degenerative diseases was of great interest. The ultimate goal of this in-
vestigation is to identify new therapeutic agents.

Research in the field of applied microbiology focused the achievements of Assoc. Prof. Milen Georgiev 
and his team’s work on dispersed plant cell cultures for the purpose of obtaining biologically active substanc-
es to be implemented in medicine. Also interesting was the report on natural antibiotics presented by FEMS 
Secretary General, Dr. Stefano Donadio (Milan). In the field of nutritional microbiology, corresponding 
member Hristo Naidenski (Institute of Microbiology, BAN) examined the impact of climate changes on 
migratory birds and the risk of zoonoses in humans. Kiril Petkov reviewed the new treatment options with 
products containing lactobacilli. Veterinary microbiology was very strongly represented by Prof. Nikolay 
Masalski, who reported on the plague of small ruminants, and by Prof. Konstantin Simeonov’s report on the 
pathogenic role of chlamydiae, coxiella, etc.

The Congress ended with awards presentation. Twenty-five young researchers from Bulgaria and 
abroad were awarded scholarships from FEMS and the Scientific Research Fund at the Ministry of Educa-
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tion and Science. Six young specialists received the Scientific Achievement Award. First prize was given to 
Maya Gatsovska from Bitola (for her research on the prevalence of Yersinia enterocolitica in pigs in differ-
ent regions of Bulgaria); Meltem Kutnu and Naz Kotzubei from Turkey (for complete genome sequence of 
Bacillus subtilis). Second prize was won by Bulgarians Veronika Nemska (for identification of lactobacilli 
from traditional Bulgarian cheeses), Nikolet Pavlova and Lozena Otcheva (working on the application of 
antisense oligonucleotides). Third prize was also awarded to young Bulgarian researchers Ioanna Kizheva 
(investigation of Xanthomonas isolated from tomatoes and pepper) and Gergana Lengerova (isolation of 
very rare microorganisms from the peritoneal cavity).

An exhibition of images of microorganisms on petri dishes (all participants received albums with 
reproductions of those “living paintings”) was particularly inspiring as well as the exhibition of the great 
Serbian cartoonist and parasitologist, Prof. Dr. Špiro Radulović (Belgrade).

The next scientific meeting of microbiologists to take place in four years will be dedicated to the new 
challenges in the microcosm. It will undoubtedly reflect the progress in the main branches of microbiology 
because the young scientists who distinguished themselves at the Congress in Hissar will certainly have 
moved forward.

Dr. Vania Shipochlieva, MD

14th Congress of Microbiologists in Bulgaria
with International Participation
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