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INEPEAMOBA

HaBuaneHuii mociOHMK 3 aHIJTIMCBKOI MOBH 3 YHTaHHS Ta
MepeKIIafy Tay3eBOro TEKCTy MpHU3HAYEHUH TS 3100yBaviB BHUINOL
OCBITH 3 METOIO MTOTJINOJICHHS HABUYOK YHTAHHS Ta MEPEKIaTy TEKCTY
By3pKoi cmemiamizamii. Cepen KIIOYOBHX 3aBIaHb IMPONOHOBAHOI
KHATH — CHPUATH PO3BUTKOBI HABUYOK aHANITUYHOTO UYWUTAHHA
OpHTIHAILHOTO HAYKOBOTO TEKCTY; YCHOTO i MUCHbMOBOI'O T'aTy3€BOT0O
nepeKyany; pO3UIMPEHHIO 3arajbHOI 1 IEKCHYHOI epy ANl CTyIeHTIB
OCBITHBO-KBauTi(hikaLiiiHoro piBHs "bakanaBp", ski HaBYarOTbCS 3a
MPUPOIHUYOI0 YU  (DIJIONOTIYHOIO  CHEIiaIbHOCTAMU — [UISIXOM
0OTOBOPEHHS BUBYCHUX TEM.

HapuansHuii TOCIOHHUK 3aKpHBaE HABYAILHO-METOIMYHY TIPOTaIHHY
IUIA CTyHeHTiB cnemianpHocTi 035 dinooris, 30kpemMa, BHOIPKOBOTO
KoMmroHeHTy "OCHOBM Taily3eBOTO TiepeKiany", IO BHUBYAETHCS
CTyJCHTaMH-TIepeKIIagadaMu. MaTepiii mociOHUKa TaK0XK MOXKYTh Oy TH
BHKOPHWCTAHI U1 BUKJIAIAHHS aHTJIHCEKOI MOBH CTyIeHTaM-0ioioram
Ta CTYJEHTaM {HIIHX IPUPOAHUYNX CIEIiaIbHOCTEH, SIKI MAIOTh PiBEHb
3HaHb MOBH BHIIE CEPEIHBOTO, 3 METOI YAOCKOHAJICHHS 3HaHb
AHTJIHCHKOT MOBH 3 iXHBOI CIIEIAIbHOCTI, @ TAKOK PO3BUTKY HABUYOK
YUTaHHS OPHUTIHAIEHOTO TEKCTY, IEpeKiIay 1 30aradeHHs CIOBHHKOBOTO
3amnacy 3i cepu Oioorii.

CTpykTypa mNOCIOHMKAa CKJIaNa€Tbcs 3 JBAHAALUATHA PO3ALIIB,
MaTepiajiB Ui AOJATKOBOTO YUTAHHA 1 CIIMCKY BHKOPHCTAaHUX
JDKEepeNl aHrimiichkoro MoBoOw. UIiCTHaAUSATH BHKOPHCTAHUX Y
MOCIOHHUKY TEKCTIB OXOIUIIOIOTh TEMH, SIKi BiTOOpaXkaloTh aKTyaJbHi
HaMNpsSMH JOCTIKEHb Y CYYaCHUX MPUPOJTHUINX HAYKaX.

Koxuuit po3min mociOHMKa 0a3yeThCsi HAa OCHOBI TEKCTIiB
OpUTIHAJIBHHUX CTaTel CYMDKHOI TEMAaTHKH, IO BXOJAATH JO Taly3i
Oiomorii Ta Oynm niOpani 31 IaTepHer-mkepen. Bcei opurinanbHi
TEKCTH, IO IIiUIATAIOTh OIPAIIOBAaHHIO CTYACHTaMH, IIO/JaHI B
OKpeMHX JTojJaTkax. MaTtepiaiim po3AiTiB y ITOBHOMY 0OCS31 OJAI0Th
iHopMaIlito MIOJ0 MOAAaHOI TEeMH Ta MICTATh TEPETiK OCHOBHHX
TEPMIiHIB, SKi PEKOMEHIOBaHI 10 3acBOEHHSI. TeKCTH Ta 3aBIaHHSI



CHPSIMOBAHI Ha YUTAHH T2 PO3YMiHHS I'aTy3€BOr0 TEKCTY, BUITyUEHHS
HeoOXimHo1 iHdopMmarlii 3 He3HAHOMHX TEKCTIiB Ta BIOCKOHAICHHS
HAaBUYOK YCHOTO 1 MHMCHMOBOTO TEPEKIIaay MPOYUTAHUX TEKCTIB 3
010JI0T1YHOT TEMaTUKH.

Ha nmouatky po3niny momaHo 1Bi BIipaBu Ha BBeleHHs TeMu (lead-
in), sIKi JONOMAararmoTh CTYIAEHTY 30PIEHTYBATHCS y TOAAIBIIOMY
BUBYCHHI Marepiany. HacTymHUM KpOKOM € NpOYHTaHHS
OpHUTiHABHOTO TEKCTY CTaTTi, Ha OCHOBI SKOro po3po0ieHo
pi3HOMaHITHI TpeHyBajbHI BrpaBu. Komriekc BIpaB Ha HEepPEBIpKy
po3ymiHHs Tekcty (text comprehension) nepeabavae, 30kpema,
3allUTaHHS, O MOTPEeOYIOTh KOHKPETHOI BiAMOBII HA OCHOBI TEKCTY
CTaTTi; BIIpaBH, IO Mepea0avYaroTh BUOIP MPaBUILHOTO YH XUOHOTO
TBEP/PKEHHSI HAa OCHOBI TEKCTy; 3aBJaHHS MHOXUHHOTO BHOODY;
BIIPaBU HA NPOJOBXKEHHA IyMKH PEUYCHHS, B3SITOTO 3 TEKCTY;
3aBJaHHS 3allOBHEHHS MPOTAIMH Y TBEPAKCHHAX HA OCHOBI
iH(opMaIiii 3 TEKCTy.

HactynHum ©OJ0KOM TpeHYBaJbHUX BIIPAB € BOpPABH JUIS
iHTepiopH3aLii akTyaJbHOI JEKCHKU Ta ii mepekiaay 3 aHrJIiHAChKOi
MOBH Ha YKpaiHChKY Ta HaBHakH. J[0 KO)KHOTO OPUTIHANEHOTO TEKCTY
pO3po0JIcHO OJIOK BIpaB Ha TMEPEKIIaj CIiB 1 CIOBOCIONYYEHb, IO
3yCTpidaloThCs B CTATTi, YKPAITHCHKOIO Ta aHTJiHChKOI0 MoBamu. Ha
OCHOBI IIMX CJIOBOCIIOIYYEHb 3alpOIIOHOBAHO BIPABU HA NEpeKian
pedeHb YKpaiHCBhKOIO Ta AHIJIIHCHKOI0 MOBaMH, IO TAKOX MOXKeE
BHUKOHYBaTHCS Y (OPMATi YCHOTO MOCIiIOBHOTO MEpeKIaty.

OctanHiM OJIOKOM TpeHYBaJIbHHX BIpPaB € 3aBIaHHA, IO
CHPUSIIOTh PO3BUTKY MOBJIICHHEBUX HABUYOK, CTUMYJIOIOTH [0
0OTOBOPEHHS BUBYEHOT TEMH i MOTHBYIOTH CTYACHTIB 0 KOMYHiKaii
Ta 00MiHy OcBinoM. [lo Takux 3aBOaHp HalEXaTh OMHMC KapTUHKH,
JOTHUYHOI A0 TEMH pO3ILTy; NPOXOMKCHHS ONUTYBAJIbHUKA M
OOTOBOpEHHSI pe3yJbTaTiB y TIpynax; po3irpyBaHHs MiajioriB 3a
MOJAaHUMHU CHUTYallisIMH; OOTOBOPEHHS 3arajlbkHUX NHUTaHb 1 MHUTaHb
IIMPIIO TEeMaTHKH, IO CTOCYIOTBCS TEMH pO3Jlly; Heperisin i
00TOBOpEHHS aHTIIHCHKIX TEMATHIHUX BiJleOMaTepialliB; MiATOTOBKA
TBOPYMX 3aBJaHb 1 MPOEKTIB, IO mependavyac poOOTy B Mapax 4u
HEBEJIUKUX Tpymnax.

Hupokuit BUOIp CTUMYITIOIOYUX TEKCTIB [UISI YHTAaHHS, IO
HA/al0Th MOXKJIMBICTh TOTTUOWUTH 3HAHHS AaKTyaJbHHX IIHTaHb
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Oiosorii, BOpaBU AJsl CaMOINEPEBIPKH, a TaKOX MAaKCHMAaIbHOTO
3allydeHHs CTYACHTIB NI0 AWCKYCiil TpEeICTaBIeHO Y MPHUKIHIIEBIH
YaCTHHI MMOCIOHMKA.

3aranom, 3aBJaHHA MMOCIOHMKA MPUBYAIOTH CTYICHTIB aHATITUIHO
MpalOBaTH 3 OpHUTIHAJBHUM Tally3eBUM TEKCTOM, CHpPHUSIIOTH
PO3BUTKY HaBHYOK MEPEKIAAy aHTIHCHKO-yKpaiHCHKOI MOBHOI Tapu
W YMOMJIMBIIIOIOTH 3J00YyTTSI HEOOXIJHMX MOBHHMX 3HaHb JUIs
00rOBOPEHHS BY3bKOCIICIiaTi30BaHOT TEMH.

ABTOpY BHCIIOBJIIOIOThH IMUPY MOJAKY PELEH3EHTaM 3a KPUTHYHE
MPOYUTAHHSI HABYAILHOTO MOCIOHWKA, BHCJIOBJEHI KOHCTPYKTHBHI
3ayBard 1 moOakaHHs, NpodeciiHi mopaau Ta IHTENEKTYyalbHY
MiATPUMKY .

ABTOpPH BIIKpHUTI 1 PO BISAYHI 3a IOJAIBIIN 3ayBa’KCHHS,
nmoOakaHHS 1 PEeKOMEHJAIlii MIOJ0 MOIIMIIeHHS 1 BJIOCKOHAJCHHS
3MiCTy IIBOTO TIOCIOHHKA.



UNIT 1
The Methods of Biology

Exercise 1. Before you read the text, find the key words "hypothesis”
and "experiment" to learn the section below. Underline and read
the words and their definitions.

Exercise 2. Look through the text "The Methods of Biology" (check
out Supplement 1), try to get the gist and identify around 10
keywords.

Exercise 3. Reading Comprehension. Answer these questions based
on the information from the article.

1.
2.
3.

~N N D0

Neliie o]

Give the definition of a hypothesis.

Name two groups of a controlled experiment.

Are safety procedures followed when conducting an
experiment.

. Who is responsible for the experiment?

. What is the independent variable in the fertilizer experiment?
. What is the dependent variable in the fertilizer experiment?
. Why is it important to keep all other conditions the same for

both the control and experimental groups?

. How can scientists determine if their data is reliable?
. Why is it important to publish experimental results in

scientific journals and databases?

10. How does a hypothesis become a theory?

Exercise 4. Translate these words and phrases from the article into
Ukrainian. Compose your own sentences.

1.
2.
3.
4.

Controlled experiment —
Control group —
Experimental group —
Independent variable —



5. Dependent variable —
6. Safety procedures —
7. Hypothesis —

8. Data —

9. Scientific journals —
10. Theory —

Exercise 5. Translate these words and phrases from the article into
English.

1. KoHTpOIb0BaHUHN €KCIEPUMEHT —
2. KonrtponpHa rpyna —
3. ExcriepuMeHTa bHa TpyTa —
4. HezanexxHa 3MiHHa —
5. 3anexHa 3MiHHA —
6. Ilpoteypu Oe3mexn —
7. I'imote3a —
8. Jlaui —
9. Haykogi xypHamu —
10. Teopist —

Exercise 6. Translate the sentences into Ukrainian, using the words

and phrases from the previous exercises.

1. The controlled experiment involves two groups: the control
group and the experimental group.

2. The independent variable in this experiment is the fertilizer
used on the plants.

3. Scientists must follow strict safety procedures when
conducting experiments.

4. A hypothesis that is supported by many different
investigations and observations becomes a theory.

5. The data collected from the experiments must be analyzed
carefully.

6. Publishing results in scientific journals allows other
scientists to verify the findings.

7. The control group receives no experimental treatment.

8. The experimental group is the test group that receives
experimental treatment.



9. It is important to keep all other conditions the same for both
the control and experimental groups.

10. Repeating the experiment several times ensures the
reliability of the data.

Exercise 7. Translate the sentences into English, using the words

and phrases from the previous exercises.

1. KonTponpHa rpynma He OTPHMY€E EKCIIEPUMEHTAIbHOIO
JKyBaHHS.

2. lani, 3i0paHi mix 4Yac eKCIIEPUMEHTIB, IOBHHHI OYyTH
pETeNbHO MPOaHANi30BaHi.

3. KoHTponbOBaHMN €KCIIEPUMEHT BKJIIOYAa€E Bl TPYIH:
KOHTPOJIbHY TPYITY Ta €KCIIEPUMEHTAIILHY TPYIY.

4.T'inore3a, AKy HiATPUMYIOTh 0araTo pi3sHHX IOCTIIXEHb Ta
CITOCTEPEIKEHB, CTAE TEOPI€IO.

5.1loBTOpeHHsI eKCIEepUMEHTY KilbKa pa3iB 3a0e3nedye
HaMIfHICTh JaHHUX.

6. He3anexxHa 3MiHHa B I[bOMY €KCIIEPHMEHTI — Iie TOOPHBO,
SIKe BUKOPUCTOBYETHCSI HA POCITUHAX.

7. BueHi MOBUHHI TOTPUMYBATHUCS CyBOPHX MPOLEAYP Oe3MeKH
IpU IPOBEACHH] €KCIIEPUMEHTIB.

8. ExcepumeHTanpHa rpyma — 1ie TeCTOBa IPyma, SKa OTPUMY€
eKCTIepIMEHTaJIbHE JTIKYBaHHS.

9. Ilybnikauist pe3yabTaTiB y HAayKOBUX >KypHajlax J03BOJISIE
IHIITUM BYCHHUM TIEPEBIPUTH I1i BUCHOBKH.

10. BaxxuBO MiATPUMYBATH BCi IHII yMOBU OZHAKOBHMH IS
000X Ipyn — KOHTPOJIBHOI Ta eKCIIEPUMEHTAIBHOI.

Exercise 8. Arrange the steps used in scientific research and choose
the right letter according to each step:
a) study results data;
b) conduct experiments;
c) identification of a problem;
d) observe a problem to solve;
e) supported hypothesis.



Exercise 9. Look through the text again and choose one of the
question headings to talk about it.

Exercise 10. Watch the video and write a summary of 300 words.
Methods in biology | All Techniques and their Applications list |

CSIR-NET JRF | GATE ||
https://www.youtube.com/watch?v=EhpoORxqSko&list=PLLIvWvpvrjO9300Xqa
dUF6CyE9ImwolpZ

Exercise 11. Fill in the gaps in the summary of the video.

Introduction:
* Host introduces the concept of the
and its importance in scientific inquiry.

Steps of the Scientific Method.:
1. : Gathering data through the senses or tools to
notice something of interest.
2. Question: Formulatlng a question based on the
3. : Developing a testable statement predlctmg
the outcome of the investigation.
4. Experiment: Conducting experiments to test the

while controlling variables.
5. : Interpreting the data collected during the
experiments.
6. Conclusion: Drawing conclusions based on the analysis to
either support or refute the
7. Communication: Sharing the results w1th the
for further validation and testing.

Examples:
* The video provides of how the scientific
method has been applied in different scientific discoveries.
Application:
* Emphasis on the of the scientific

method and how it's not always a linear process but involves
constant revisiting of steps based on new data and insights.
Conclusion:

. of the importance of the scientific method in
advancing scientific knowledge and encouraging critical
thinking.



MINI GLOSSARY

control [kon 'travl]: in an experiment, the standard against which
results are compared koHmpoabHUll exzemniap, npenapam,

data [ 'deito]: information gathered from an experiment — oOawi,
ingpopmayis, 36edenns, paxmu,

dependent variable /di'pendont 'veariabl]: the condition in an
experiment that results from the changes made to the
independent variable — maT. 3ane)xHa 3MiHHa;

experiment /ik 'sperrm(a)nt]: an investigation that tests a hypothesis
by collecting information under controlled conditions — gocmig,
EKCIICpHMEHT;

hypothesis (hypotheses plural) /har pvOisis/: an explanation for a
question or problem that can be tested — rimoresa, npunyIIeHHS;

independent variable [indr pendant 'vearrobl]: in an experiment, the
condition that is tested because it affects the outcome of the
experiment — MaT. He3aJIe)kKHA 3MIHHA;

scientific methods [saron tifik ‘mefadz]: common steps that scientists
use to do research and answer questions — HayKoBI METOAH,
HPUHINIIN;

theory / Orori]: an explanation of a natural phenomenon or event that
is supported by a large body of scientific evidence obtained
from many different investigations and observations — Teopis;

OF-540
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UNIT 2
DNA: the Molecule of Heredity

Exercise 1. Imagine any combination to open a lock with some
numbers on it. Write all possible combinations you can think of to
compare the work of DNA and how it can carry so much

information.
O50

Exercise 2. Look through the text "DNA: The ™
Molecule of Heredity" (check out Supplement
2) and be ready to do the following exercises
after it. E

Exercise 3. Reading Comprehension. Answer these questions based

on the information from the article.

1. Name the three components of a nucleotide.

2. What is the process called by which DNA makes a copy of
itself?

3. How are new DNA molecules formed during replication?

4. What shape is the DNA molecule?

5. List the four nitrogenous bases found in DNA.

6. Who were the scientists that first described the shape of the
DNA molecule?

7. Why is the sequence of nucleotides important in DNA?

8. What process produces sperm and egg cells in organisms?

9. How many strands make up a DNA molecule?

10. What holds the two strands of DNA together in the double
helix?

Exercise 4. Decide if these statements are True or False based on
the information from the article.
1. DNA is made up of nucleotides.
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2. Each nucleotide in DNA is composed of a simple sugar, a
phosphate group, and a nitrogenous base.

3. Adenine always pairs with thymine in DNA.

4. DNA has a single-stranded structure.

5. The shape of DNA was discovered by James Watson and
Francis Crick in 1953.

6. The sequence of nucleotides in DNA does not affect the
genetic information it carries.

7. The process by which DNA makes a copy of itself is called
DNA replication.

8. Meiosis is the process that produces sperm and egg cells.

9. A fertilized egg contains DNA from both parents.

10. During DNA replication, adenine pairs with cytosine.

Exercise 5. Read through the text and amplify the following:
a) DNA components.
b.) DNA molecule unzipping.
¢) Sequence of nucleotides.
d) Double helix.

Exercise 6. Translate into Ukrainian these words and phrases from
the article.

1. Living things — 11. Cytosine —

2. Proteins — 12. Thymine —

3. Enzymes — 13. Double helix —

4. DNA (deoxyribonucleic acid)—  14. Sequence —

5. Nucleotides — 15. Replication —

6. Simple sugar — 16. Meiosis —

7. Phosphate group — 17. Mitosis —

8. Nitrogenous base — 18. Fertilized egg —

9. Adenine — 19. Chromosomes —

10. Guanine — 20. Genetic information —

12



Exercise 7. Translate into English these words and phrases from the

article.

1. ®ocdarna rpyna — 11. 3ammigHeHa sHIEeKITiTHHA —
2. JHK (me3oxcupubonykiei- 12. INoxagiitHa cripans -
HOBA KHCJIOTa) — 13. I'yanin —

3. XKusi opranizmu — 14. Meiio3 —

4. binku — 15. I'enetnuna iHpopmaris -
5. Azotucra 0cHOBa - 16. Tumin —

6. depMeHTH — 17. IocmigoBHICTE —

7. AneHiH — 18. Permmikaris —

8. Hykneotnam — 19. Miro3 —

9. IlpocTuit mykop — 20. Xpomocomu —

10. LuTo3un —

Exercise 8. Translate the sentences into Ukrainian, using the words

and phrases from the previous exercises.

1. Living things contain proteins.

2. Enzymes are proteins that help in various bodily functions.

3. DNA contains the instructions to make all the different
proteins an organism needs.

4. Nucleotides join together to form long chains, or strands.

5. Each nucleotide is made up of a simple sugar, a phosphate
group, and a nitrogenous base.

6. Adenine always pairs with thymine in DNA.

7. The double helix structure of DNA was discovered by
Watson and Crick.

8. The sequence of nucleotides forms the unique genetic
information for every organism.

9. Meiosis is the process that produces sperm and egg cells.

10. During replication, DNA makes a copy of itself to ensure
each new cell has a complete set of genetic information.

Exercise 9. Translate the sentences into English, using the words
and phrases from the previous exercises.
1. ITin gac permikamii JIHK cTBOproe cBOIO Komiio, IMOO
3a0€3MeYUTH KOXKHY HOBY KIIITHHY MOBHUM HAaO0OpOM T€HETHYHOI
iHpopmarii.
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2. JHK micTuTh iHCTpYKLII U1 CTBOPEHHS BCiX pi3HUX OLJIKIB,
HEOOX1THUX OpTaHi3My.

3. ’KuBi opranizmMu MicTATb OLIKH.

4. AneHin 3aBxau cniaproethes 3 TuMinoM y JJHK.

5. Meiio3 — 1e mpouec, KM yTBOPIOE CHEPMATO30idd Ta
SIALIEKITITHHH.

6. ®epmenTy — Le OiNIKH, K1 JONOMAaraloTh y pisHUX QYHKIIAX
OpraHi3my.

7. JHK micTuTh iHCTPYKIiT IS CTBOPEHHS BCiX Pi3HUX OLIKIB,
HEOOXiTHUX OpTaHi3My.

8. IlocnigOBHICTH HYKJIEOTHUIIB YTBOPIOE YHIKAJIBHY FCHETHUHY
iH(hOpMaIito AT KO)KHOTO OpraHi3My.

9. Hykneotuau 3'€MHYIOTHCS, YTBOPIOIOYH JOBTI JIAHITIOTH 200
HUTKH.

10. KoxxeH HYKJICOTHA CKJIaJaeTbCsi 3 MPOCTOro ILYKpY,
(hocdarHoT rpymu Ta A30THCTOT OCHOBH.

11. Moagiiiny chipaneny ctpykrypy JHK Bigkpumm Botcon i
Kpuk.

Exercise 10. Fill in the gaps with the correct collocations from the

article.
Living units
proteins Nitrogenous

actions Carbon structure
Eating, running, and of nitrogen
Depend group
Related to long chains
Information for Shape of a DNA

all that information Double
Made up

Exercise 11. Fill in the gaps with the correct collocation from the
previous exercise.

1. like humans and animals rely on
DNA for genetic information.
2. The DNA in your cells that are

essential for various bodily functions.
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3. All the you perform, such as

, , and , are driven by
proteins.
4. Proteins called are crucial because many
biochemical reactions them.

5. The sequence of nucleotides in DNA is known as the

6. DNA is repeating
units called nucleotides.

7. A is a key part of the nucleotide's
structure, containing nitrogen atoms.

8. The joins together to

that form the backbone of DNA.
9. Watson and Crick described the
in 1953.
10. The unique pairing of ensures the
stability and replication of the

Exercise 12. Describe the following pictures, using the vocabulary from
this unit. Share reports and contribute your ideas in small groups.

Various Living Things
BT )= @ P N @ @=-M S =@
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DNA Replication




MINI GLOSSARY

DNA replication [replr 'keif(a)n]: process in which the DNA in the
chromosome is copied — KomitoBaHHsI, AyOIIOBaHHS;

double helix [ 'dab(2)! 'hi:liks]: shape of a DNA molecule consisting
of two strands of nucleotides that are twisted into a coil and held
together by the nitrogenous bases — nmoxBiiiHa cripans;

nitrogenous base [nar trvdzinas beis]: carbon ring structure found
in DNA molecules that contains one or more atoms —

a30TUCTa OCHOBaA.

[=]
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UNIT 3
From DNA to Protein

Exercise 1. Imagine a computer code, give your own definition of
this term.

Exercise 2. Look through the text "From DNA E E

to Protein” (check out Supplement 3) and try ¥g"
to get its main idea.

Exercise 3. Reading Comprehension. Answer E
the questions based on the article.
1. Name three types of RNA.
. Give the definition of codon.
. Compare the two terms "transcription" and "translation."
. To which chemical bases do the letters G and T refer?
. What is the role of mRNA in protein synthesis?
. What happens during the process of RNA transcription?
7. Explain the difference between RNA and DNA in terms of
their structure.
8. Describe the role of tRNA in the translation process.
9. How is the genetic code used to create proteins?
10. What is the central dogma of biology?

AN AW

Additional Questions

1. What is the role of ribosomal RNA (rRNA) in protein
synthesis?

2. How does the mRNA sequence determine the sequence of
amino acids in a protein?

3. Why is RNA processing necessary before translation?

4. Explain the importance of the start and stop codons in protein
synthesis.

5. How do enzymes participate in RNA processing?

6. Describe the role of amino acids in the formation of proteins.

18



Exercise 4. Fill in the blanks with the appropriate words or phrases
from the text.
1. DNA contains information used to make

2. Proteins have many uses; some become and some
control functions.
3. Therole of RNA in a cell is similar to in a car factory.
4. There are three different kinds of RNA: RNA,
RNA, and RNA.

5. The sugar in RNA is different from the sugar in

6. Instead of thymine, RNA has

7. The process of making RNA from part of a DNA strand is
called

8. In transcription, RNA pairs guanine with and uracil
with

9. The nucleotide sequence transcribed from DNA to a strand
of messenger RNA is a genetic

10. Each group of three nitrogenous bases in mRNA that codes
for one amino acid is known as a

11. The process of changing the 1nformat10n in mRNA into an
amino acid chain in protein is called

12. The central dogma of biology describes the flow of
information from to to

Exercise 5. Define the following terms in English:

e central dogma, e the genetic code,
e the process of replication, e anticodon,

e the amino acid bonds, e amino acid chains,
e the nucleotide sequence, e RNA processing.

e messenger RNA,

Exercise 6. Match words and phrases with their definitions.

The connections formed between amino
acids during protein synthesis,

1 |Central dogma |A [specifically through peptide bonds that
link the carboxyl group of one amino
acid to the amino group of another
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The process

The order of nucleotides in a DNA
or RNA molecule that determines the

of replication genetic information carried by that
molecule.
It describes the flow of genetic

Amino acid C information within a biological system,

bonds specifically from DNA to messenger
RNA (mRNA) to protein

The nucleotide The set qf rules by which infomation

sequence D |encoded in mRNA sequences is
translated into proteins by living cells.
The process by which DNA makes a

Messenger RNA |E copy pf itself before cell division,
ensuring each new cell has a complete
set of DNA

. Chains of amino acids linked together

The genetic code | F by peptide bonds to form proteir%s.
The modification of RNA transcripts,

. including splicing, capping, and addin
Anticodon G a poly—AgtaIi)l, to frodlfcpe n%ature mRNi

ready for translation.

. . A type of RNA that carries genetic
Am.l no acid H infgrrination from DNA in tl%e nucleus to
chains . .

the ribosome in the cytoplasm.
A sequence of three nucleotides in
RNA processing |1 transfer RNA (tRNA) that pairs with the

complementary codon in messenger
RNA (mRNA) during protein synthesis.

the article.
1. Genes
2. Proteins

3. RNA (ribonucleic acid)
4. Messenger RNA (mRNA)
5. Ribosomal RNA (rRNA)
6. Transfer RNA (tRNA)

Exercise 7. Translate into Ukrainian these words and phrases from

7. Amino acids
8. Nucleotide

9. Codon

10. Anticodon
11. Transcription
12. Translation
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13. Genetic code 17. RNA processing
14. Central dogma 18. Amino acid bonds
15. Replication 19. Amino acid chains
16. Nucleotide sequence

Exercise 8. Translate into English these words and phrases from
the article.

1. I'enn 11. TpauckpuIIIis

2. binku 12. Tpancnsmis

3. PHK (pubonyxkieinosa 13. 'enernunmit KOA
KHUCJIOTa) 14. LlenTpansHa gorma
4. Inpopmaniitna PHK (iPHK) 15. Pemikaris

5. Pubocomna PHK (pPHK) 16. ITocninoBHICTH

6. Tpancnopraa PHK (TPHK) HYKJICOTHIIB

7. AMIHOKHUCIIOTH 17. O6podxa PHK

8. HykmeoTun 18. 3B's13k1 aMIHOKHUCIIOT
9. Konon 19. JIaHIroru aMmiHOKUCIIOT
10. AHTUKOIOH

Exercise 9. Translate the following sentences into Ukrainian, using

the words and phrases from the previous exercises.

1. Genes contain the instructions for making proteins.

2. Proteins have many functions in the body, including building
structures and controlling cell processes.

3. RNA plays a crucial role in the synthesis of proteins.

4. Messenger RNA (mRNA) carries genetic information from
DNA to the ribosome.

5. The central dogma of biology states that information flows
from DNA to RNA to protein.

6. Amino acids are the building blocks of proteins.

7. A nucleotide is the basic unit of DNA and RNA.

8. A codon is a sequence of three nucleotides that codes for a
specific amino acid.

9. An anticodon is a sequence of three nucleotides in tRNA that
pairs with a complementary codon in mRNA.

10. Transcription is the process by which RNA is made from a
DNA template.
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Exercise 10. Translate the following sentences into English, using

the words and phrases from the previous exercises.

1. 3B'SI3KM aMiHOKHCIIOT YTBOPIOIOTH CTPYKTYPY OLJIKiB.

2. JlaHurorn aMiHOKMCIIOT YTBOPIOIOTBCS IiJl Yac MpOLECY
TpaHCIALii.

3. Pubocomna PHK (pPHK) ytBOproe snpo crTpykTypu
pubocomu Ta KaTajizye CHHTe3 OLTKIB.

4. 'eHu MIiCTATD IHCTPYKI1 A1 CTBOPEHHS O1JIKiB.

5. binku maroTh Oarato QpyHKLIA B OpraHi3Mi, BKIFOYAIOUH
CTBOPEHHSI CTPYKTYp Ta KOHTPOJIb KIITHHHUX MPOLECIB.

6. KomoH — 1ie mocnigoBHICTB 3 TPHOX HYKJICOTUAIB, KA KOAYE
NEBHY aMiHOKHCIIOTY.

7. I'enernynuii Ko — 11e HaOip MpaBWIL, 3a IKUMU iH(pOpMaIiis,
3akogoBana B MPHK, Tpancmoerscs y Oinkm.

8. AMIHOKHCIIOTH € OyZiBeIbHUMHU OJOKaMH OiNKiB.

9. Hyxneorun € ocHoBHoto ogununero JJHK ta PHK.

10. [TocnmimoBHICT,  HYKJICOTHAIB BHU3HAYAE€ TEHETUYHY
iHpopmarito, sky Hece JJHK a6o PHK.

11. Inpopmamniitna PHK (iPHK) mnepenocuts reHeTHYHY
inpopmariro Big JJHK no pubocomu.

12. Tpancnoptaa PHK (TPHK) mocTarisie aMiHOKHACIOTH 10O
pubocomu 715t 30MpaHHS B OLJIOK.

Exercise 11. Create nouns from these adjectives found in the article.

e Different e Similar

e Complicated e Important
e Simple e Reliable

e Specific e Successful
¢ Genetic e Central

e Various e Complex
e Unique e Mature

e Single e Structural

Exercise 12. Discuss these questions, using the vocabulary from the
unit, in small groups.
1. How do genes influence the different characteristics of an
organism?
2. What role do proteins play in the functioning of cells?

22



Why is RNA considered crucial for protein synthesis?
What types of RNA exist and what are their functions?
How does the structure of RNA differ from that of DNA?
What is a codon and what is its role in the genetic code?

7. How does the process of DNA replication ensure genetic
continuity?

8. How do amino acid bonds contribute to protein structure?

9. What is the importance of RNA processing in gene expression?

10. How does transcription differ from translation in protein
synthesis?

11. How does the genetic code translate into a specific protein
sequence?

12. How do mutations in the nucleotide sequence affect protein
synthesis?

13. What mechanisms ensure the accuracy of protein synthesis?

SNk w

MINI GLOSSARY

codon [ koudvn]: a group of three nitrogenous bases in mRNA that
code for one amino acid — KOIOH;

messenger RNA [ 'mesim(d)3a]: RNA that carries information from
DNA in the nucleus to the cell's cytoplasm — areat PHK;

ribosomal RNA [ raiba(v)soomal]: RNA that makes up the
ribosomes; binds to mRNA and uses its information to assemble
amino acids in the right order — pubocomansHuit;

transcription [tra.n skrip/(a)n]: the process in the cell nucleus where
a copy of RNA is made from part of a DNA strand — 3amuc;

transfer RNA [tra:nsf5]: RNA that delivers amino acids to the
ribosomes to be assembled into proteins — nepenasatu PHK;

translation [trans 'leif(2)n]: the process of changing the information
in mRNA into an amino acid chain in a protein — nepeTBopeHHSI.
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UNIT 4
Recombinant DNA Technology

Exercise 1. Give examples of useful changes to organisms made
through DNA technology.

Exercise 2. Read the text "Recombinant DNA E E

Technology" (check out Supplement 4), write W~
out the new terms and identify 10 keywords.

Exercise 3. Reading Comprehension. Answer E
these questions based on the article.
1. What are advantages of DNA?
. Define the term "vector".
. Why do scientists clone animals?
. What areas will benefit from DNA technology?
. What is recombinant DNA?
. How do restriction enzymes work?
. What is a transgenic organism?
. Describe the three-step process for producing a transgenic
organism.
9. What is the role of a plasmid in genetic engineering?
10. What is PCR and how is it used in DNA analysis?

03N DNk W

Exercise 4. Decide if these statements are True or False based on

the information from the article.

1. Genetic engineering involves cutting DNA fragments from
one organism and inserting them into another organism.

2. Recombinant DNA can only be made from fragments of
DNA from the same species.

3. A plasmid is a small ring of DNA found in plant cells.

4. Clones are genetically identical copies of DNA molecules.

5. Scientists can clone entire animals.

6. PCR is used to create genetically identical organisms.
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7. DNA technology is only beneficial in the field of medicine.
8. Transgenic organisms contain recombinant DNA from a
different species.
9. Restriction enzymes cut DNA at random locations.
10. PCR can make millions of copies of DNA in a day.

Exercise 5. Choose two any terms that are related and explain why.
Give your own examples.

Exercise 6. Translate these words and phrases from the article
into Ukrainian.

1.
. Recombinant DNA —

. Transgenic organism —

. Restriction enzymes —

. Plasmid —

. Vector —

. Clone —

. Gene cloning —

. Polymerase chain reaction

O 03O L =~ W

Genetic engineering —

(PCR) —
10. DNA fragment —

Exercise 7. Translate these words

into English.

1. Tlomimepa3na  naHIIOroBa
peaxuis (ITJIP) —

2. PecTpukiiitai hepMeHTH —
3. Bektop —

4.T eneTnyHa iHXeHepis —
5. Temodimis -

6. Pexomb6inanTaa JJHK —
7. [locmifOBHICTB
HYKJICOTHIIB —

8. T'opMOH pocCTy JHOUHU —
9. Ilectunmaou —
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Host cell —

Nucleotide sequence —
Bacterial chromosome —
Replicate —

Human growth hormone —
Hemophilia —

Nutritional value —
Pesticides —

Insulin —

DNA analysis —

and phrases from the article

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Incynin —

Amnaniz JJHK —
TpancreHHUl OpraHi3M —
[Tna3mina —

Kion -

KitonyBaHHs TeHIB —
®parment JTHK —
Knituna-rocriomap —
Bakrepiansaa xpoMocoma —
PernikyBarn —

XapuoBa IIHHICTb —



Exercise 8. Translate the sentences into Ukrainian, using the words

and phrases from the previous exercises.

1. Genetic engineering is a method to increase the frequency of
a desired allele.

2. Recombinant DNA is created by combining DNA from
different sources.

3. A transgenic organism contains recombinant DNA from a
different species.

4. A plasmid is a small ring of DNA found in bacterial cells.

5. A vector carries DNA from one organism into a host cell.

6. Using genetically modified plants can reduce the need for
pesticides.

7. Hemophilia is a disease where blood cannot clot quickly.

8. Enhancing the nutritional value of crops is a goal of genetic
engineering.

9. Clones are genetically identical copies of DNA molecules.

10. The nucleotide sequence determines the specific genetic
information.

11. DNA analysis is used in crime investigations and
diagnosing diseases.

12. Insulin is produced using recombinant DNA technology.

Exercise 9. Translate the sentences into Ukrainian, using the words

and phrases from the previous exercises.

1. IligBuIIeHHST XapdoBOi ITIHHOCTI CUTBCHKOTOCTIONAPCHKUX
KyJBTYp € KIHIIEBOIO METOIO TeHETUYHOI 1H)KEeHePii.

2. BukopucTtaHHS reHEeTHYHO MOAM(IKOBAHUX POCIUH MOXE
3MEHIIUTH MOTPeOy Y BUKOPUCTaHHI TECTHIIH/IIB.

3. I'eneTnyHa iHKCHEpIA - 1€ METOJ IiJIBHIINEHHS YaCTOTH
OayxaHOTO anens.

4. PexomOinantHa JJHK cTBOproerscs muisixoMm KoMOiHyBaHHS
JHK 3 pizaux mxepern.

5. Tpancrennuii opraHism wmictuTh pekomOiHantHy JIHK 3
IHIIOTO BUJTY.

6. ®parment JHK BcraBnserbcs B KIITHHY-rOCIoOmaps 3
METOIO peruTiKaliii.
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7. IlocnigoBHICT, ~ HYKJIEOTUAIB  BH3HA4Yae€  cHeuugiuny
TeHeTUYHY iH(pOopMaIlito.

8. INnasmina — ne HeBemuke Kiabie JAHK, 1m0 3HaXOaUTHCS B
OakTepiaJbHUX KIITHHAX.

9. KioHU — e reHeTHYHO ineHTHyHi Kotii Monekyn JTHK.

10. KnonyBanHsl reHiB mepeabavdae CTBOPEHHS 1ACHTUYHHX
KOITii IEBHOTO I'eHa.

11. Ananiz JHK BHKOpUCTOBYeTbCI B  KpUMiHaJIbHUX
PpO3CIiAYBaHHSIX 1 JIarHOCTHUII 3aXBOPIOBAHb.

12. PecTpukuiiiai ¢gepMeHTH - 1e OakTepianpHi OiNKH, sKi
pospizators JIHK y cnenngivanx nociigoBHOCTSIX.

Exercise 10. Complete the quiz on Recombinant DNA Technology
Recombinant DNA Technology Quiz
Multiple Choice Questions:
1. What is recombinant DNA technology?
o A) The study of plant genetics
o B) A technique used to combine DNA from different sources
o C) The process of DNA replication
o D) The method of producing RNA from DNA
2. Which enzyme is used to cut DNA at specific sequences
during recombinant DNA technology?
o A) DNA polymerase
o B) RNA polymerase
o C) Ligase
o D) Restriction enzyme
3. What is a plasmid?
o A) A virus that infects bacteria
o B) A small, circular DNA molecule found in bacteria
o C) A segment of RNA
o D) A protein involved in DNA replication
4. Which organism is commonly used as a host for
producing recombinant proteins?
o A) Human cells
o B) E. coli bacteria
o C) Viruses
o D) Yeast
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5. What is the purpose of using a vector in recombinant
DNA technology?
A) To separate DNA fragments
o B) To introduce recombinant DNA into host cells
o C) To amplify DNA sequences
o D) To synthesize RNA

True/False Questions:

6. True/False: Recombinant DNA technology can be used to
produce insulin for diabetes treatment.

7. True/False: Restriction enzymes cut DNA at random
locations.

8. True/False: Recombinant DNA technology involves
combining DNA from the same species only.

9. True/False: The polymerase chain reaction (PCR) is often
used to amplify DNA before inserting it into a vector.

10. True/False: Gene cloning is a part of recombinant DNA
technology.

e}

Short Answer Questions:

11. What is a genomic library, and how is it used in
recombinant DNA technology?

12. Explain the role of ligase in the process of creating
recombinant DNA.

13. Describe one application of recombinant DNA technology
in medicine.

14. What are the ethical concerns associated with recombinant
DNA technology?

15. How is recombinant DNA technology used in agriculture?

Exercise 11. List the steps for producing a transgenic organism.

MINI GLOSSARY

clone [kloun]: an genetically identical copy of an organism or gene —

KJIOH;

genetic engineering [d3r netik endsr niarm]: a method of cutting

DNA from one organism and inserting the DNA fragment into
a host organism of the same or different species — reHHa
IHXKeHepis;
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plasmid [ plazmid]: a small ring of DNA found in a bacterial cell that
is used as a biological vector — ra3mina;

recombinant DNA [/ kombmant]: DNA made by recombining
fragments of DNA from different sources — pekom6inantna JJHK;

restriction enzyme [r1 strikf(a)n ‘enzarm]: DNA-cutting enzyme that
can cut both strands of a DNA molecule at a specific nucleotide
sequence — oOMexeHHI (PePMEHT;

transgenic organism [frans ‘dzentk '5:g(a)niz(a)m]: an organism that
contains recombinant DNA from a different species —
TpaHCTEHHHUH OpraHi3Mm;

vector [ ‘vekto]: means by which DNA from another species can be carried
into the host cell; may be biological or mechanical — BexTop.

[=]
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UNIT 5
The Human Genome

Exercise 1. Enumerate the examples of significant achievements that
you read about. Present new discoveries and those achievements that
were made or never made. Prove your suggestions.

Exercise 2. Before reading the text "The e
Human Genome" (check out Supplement 5),
write out new words and word combinations
you will come across, learn them.

Exercise 3. Reading Comprehension. Answer E

these questions based on the information from the article.

1. What is the Human Genome Project?

2. What is gene therapy?

3. How does DNA fingerprinting work?

4. Where can we apply the Human Genome Project? Give your
own examples.

5. What is a linkage map?

6. How are genes sequenced using PCR?

7. What are genetic markers and how are they used?

8. What benefits does the Human Genome Project offer to medicine?

9. How can gene therapy be used to treat genetic disorders?

10. How does DNA fingerprinting help in law enforcement?

11. How is DNA technology being used to study ancient life?

12. Why is mapping by linkage data not efficient?

13. What role do restriction enzymes play in gene sequencing?

14. How can doctors diagnose genetic disorders before birth?

15. What are some of the disorders that gene therapy is
currently being researched for?
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Exercise 4. Put T for true and F for false statements. Justify your

answers.

1) The Human Genome Project is an international effort to
incompletely map and sequence the human genome.

2) The genetic map that shows the relative locations of genes on
a chromosome is called a human genome.

3) The human genome is the predominantly 45,000 to 50,000
genes on the 48 human chromosomes.

4) Research is also going on to use gene therapy on cancer, heart
disease, and AIDS.

5) DNA fingerprinting works because two identical twins have
the same DNA sequences, and because all cells of gametes have
the same DNA.

Exercise 5. Translate the following words and phrases from the
article into Ukrainian.

1. Human Genome Project — 11. Diagnose —

2. Genetic map — 12. Cystic fibrosis —

3. Linkage map — 13. Sickle-cell anemia —
4.Polymerase chain reaction 14. Hemophilia —

(PCR) - 15. Cancer —

5. Restriction enzymes — 16. Heart disease —

6. Genetic markers — 17. AIDS —

7. Gene sequencing — 18. Chromosome maps —

8. Gene therapy — 19. Inheritance pattern —

9. Genetic disorders — 20. Genetic map development —

10. DNA fingerprinting —

Exercise 6. Translate the following words and phrases from the
article into English.

1. CepTOBUIHOKTITHHHA 5. JliarHOCTYBaTH —
aHeMis — 6. MyKkoBicIIuI03 —

2. [ToniMepa3Ha JIaHIFOTOBA 7. Femodinist —
peaxuis (ITJIP) — 8. Pak —

3. CepueBo-CyIHHHI 9. CHIJI —
3aXBOPIOBAHHS — 10. 'enetnyna kapta —
4. IIpoexT reHoMy JIFOIUHU — 11. Kapra 34yenyieHss —
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12. PecTpukuiiini ¢pepmeHTH — 17. CexkBeHyBaHHS reHIB —

13. 'eHeTHYHI MapKepH — 18. I'enna Teparis —

14. XpoMOCOMHi KapTH - 19. 'eneTn4HI NOPYIICHHS —
15. CxeMa cnaikOBOCTi — 20. JHK-gakTHI0CKOMmis —
16. PO3BUTOK T€HETUYHOT

KapTH —

Exercise 7. Translate the following sentences into Ukrainian, using

the words and phrases from the previous exercises.

1. The Human Genome Project aims to completely map and
sequence the human genome.

2. A genetic map shows the relative locations of genes on a
chromosome.

3. A linkage map does not show the exact location of genes,
only their relative positions.

4. Sickle-cell anemia is a genetic disorder that can be treated
with gene therapy.

5. Hemophilia is a disorder where blood does not clot quickly.

6. Research is ongoing to use gene therapy to treat cancer, heart
disease, and AIDS.

7. Restriction enzymes cut DNA at specific nucleotide sequences.

8. Genetic markers are used to track the inheritance pattern of genes.

9. Inheritance patterns can be tracked using genetic markers.

10. Scientists are developing chromosome maps to improve
genetic map development.

11. Gene therapy is used to insert normal genes into human
cells to correct genetic disorders.

12. Genetic disorders can be diagnosed before birth using DNA
analysis.

Exercise 8. Translate the following sentences into English, using the

words and phrases from the previous exercises.

1. IIpoekT reHOMY JIFOIMHU Ma€ Ha METi MMOBHICTIO KapTyBaTH i
CEKBEHYBATH T'CHOM JIFOJIMHHU.

2. I'eneTHyHa KapTa MOKa3ye BiTHOCHE PO3TAIITyBAaHHS I'¢HIB HA
XpPOMOCOMI.

3. Kapra 34ernsieHHsT HEe MOKa3ye TOYHE PO3TAIlIyBaHHS TEHiB,
JUIIe X BiTHOCHI TTO3MIII].
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4. 'eneTnyHi MapKepH BUKOPHCTOBYIOTbCSA AJISI BiICTEKEHHS
CXEMH CIIaJIKOBOCTI I'€HIB.

5. CexBeHyBaHHS TeHIB BKIIOYAE€ PO3MIMICHHS (parMeHTiB
JHK y npaBUIbHOMY MOPAIKY.

6. [Ipoekt reHOMy JIOAMHW Mae€ 0OaraTo 3acTOCYBaHb,
BKJIFOYAI0YH MEJUIMHY Ta IPABOOXOPOHHI OPTaHH.

7. I'enHa Tepartisi BAKOPUCTOBYETHCS JJIsl BBEICHHSI HOPMaJIbHIX
TeHIB y KJIITUHHU JIFOMHH IS KOPEKLii FTeHeTHYHMX TOPYLICHb.

8. 'eHeTMuHi TOpYWIEHHS MOXHA  JIarHOCTYBaTH [0
HaApOJKEHHS 3a ornomororo ananizy JTHK.

9. Jlikapi MOXyTb  JiarHOCTYBaTH  MYKOBICIHIO3 [0
HapODKEHHSI TUTHHH.

10. CepnioBHIHOKIIITUHHA aHEMIS - Tl TEHETUYHE ITOPYIIECHHS,
SIKe MOXXHa JIIKYBaTH 3a IOTIOMOT'0I0 TeHHOI Teparii.

11. Cxemu cmiagkoBOCTI MOYKHA BiICTEXKYBaTH 3a JOIIOMOTOIO
TeHEeTUIHUX MapKepiB.

12. JocnijpkeHHsT 1€ JOCI TPHUBAaKOTh, 11100 HABYUTHUCS
BUKOPHUCTOBYBATH T'€HHY TEpAIIilo JUIS JIIKYBaHHS PaKy, CEpLeBO-
cynuHHEX 3axBoproBaHb Ta CHIly.

Exercise 9. Create nouns from these verbs found in the article.

e Map e Reproduce
e Know e Mature

e Show o Identify

e Imagine e Use

e Come e Clone

e Help e Track

e Create e Analyze

Exercise 10. Do the quiz in small groups. Check your knowledge of
the human genome. Answer the questions, using the vocabulary
from the unit.

1. Basics of the Human Genome
— What is the human genome?
— How many genes are in the human genome?
— What chromosomes make up the human genome?
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2. The Human Genome Project
— What were the goals and objectives of the Human Genome
Project?
—When did the Human Genome Project start, and what
results has it achieved?
— How is the information from the Human Genome Project
being used today?
3. Genetic Maps
— What is a genetic map?
— How are genetic maps created?
— What types of genetic maps exist, and how are they used?
4. Gene Therapy
— What is gene therapy?
—How does gene therapy help in treating genetic disorders?
— What successes have been achieved in gene therapy to
date?
5. DNA Technology
— What is polymerase chain reaction (PCR)?
— How is PCR used in genetics and medical research?
— What are restriction enzymes, and how are they used in
genetic research?
6. Genetic Markers
— What are genetic markers?
— How are genetic markers used to map genes?
— What are the practical applications of genetic markers?
7. Diagnosing Genetic Disorders
— How are genetic disorders diagnosed using DNA analysis?
— What methods are used to diagnose genetic diseases in
fetuses?
—How does genetic analysis help in the early diagnosis of
diseases?
8. Applications of Genome Technology
— How is genome technology used in medicine?
—What advancements have been made in agriculture
through genome technologies?
—How do genome studies assist in crime investigations?
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MINI GLOSSARY

gene therapy [d3i:n 'Oeropi]: the insertion of normal genes into
human cells to correct genetic disorders — reHHa Tepamisi;

human genome [ ‘hju.man ‘dzi:naom]: a map of the thousands of
genes on 46 human chromosomes that when mapped and
sequenced may provide information on the treatment and cure
of genetic disorders — TeHOM JTTOMHH;

linkage map [ lmpkids meep]: a genetic map that shows the relative
locations of genes on a chromosome — kapTa 3B's13Ky;
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UNIT6
Viruses

Exercise 1. What associations do you have when you hear the word
"virus"? lllustrate some examples of viral diseases.

Exercise 2. Before reading the text "What is a
Virus?" (check out Supplement 6), memorize
new words and word combinations, compose
your own sentences with them.

Exercise 3. Reading Comprehension. Answer
these questions based on the article.

. Where does a virus reproduce a cell?

. Does the virus destroy the host cell or not?

. What is viral DNA?

. Give an example of a viroid.

. Differentiate between "provirus" and "virus".

. How does a virus attach to a host cell?

. What is a bacteriophage?

. How do lysogenic and lytic cycles differ?

. What is a retrovirus and how does it replicate?

10. What diseases are caused by retroviruses?

11. How is HIV transmitted?

12. What is the difference between HIV and AIDS?

13. How do viruses affect cancer development?

14. What are prions and how do they cause diseases?

15. How do plant viruses infect their host plants?

O 03N N~ WK —

Exercise 4. Choose the correct option based on the information from
the article.
1. What is a virus?
A) A living organism that causes diseases and infections
B) A particle made up of nucleic acids surrounded by a
protein coat
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C) A type of bacteria that infects host cells
D) A particle larger than the tiniest bacterium
2. What is the outer protein coat of a virus called?
A) Envelope
B) Capsid
C) Nucleic acid
D) Host cell
3. How does a virus attach to a host cell?
A) By injecting its nucleic acid into the host cell
B) By using a specially shaped attachment protein
C) By surrounding the host cell with its plasma membrane
D) By bursting out of a vacuole inside the host cell
4. What is a bacteriophage?
A) A virus that infects plants
B) A virus that infects humans
C) A virus that infects bacteria
D) A virus that causes the flu
5. What happens during the lytic cycle?
A) The virus integrates its DNA into the host cell's chromosome
B) The host cell continues to carry out its metabolic activity
C) The host cell is taken over and eventually bursts,
releasing new viruses
D) The virus remains dormant in the host cell
6. Which virus is known for having a lysogenic cycle?
A) Influenza virus
B) Herpes simplex I virus
C) Hepatitis B virus
D) Both B and C
7. How can viruses be released from the host cell?
A) Lysis
B) Exocytosis
C) Endocytosis
D) Both A and B
8. What is a retrovirus?
A) A virus with DNA as its nucleic acid
B) A virus with RNA that converts into DNA using reverse
transcriptase
C) A virus that infects plants only
D) A virus that causes bacterial infections
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9. How is HIV transmitted?
A) Through the air
B) By touching surfaces
C) Through the exchange of body fluids
D) By eating contaminated food
10. What are prions?
A) Infectious RNA particles
B) Proteins without genetic material that cause other
proteins to malfunction
C) DNA viruses
D) Viruses that infect only plants
11. What causes cold sores?
A) Influenza virus
B) Hepatitis B virus
C) Herpes simplex I virus
D) Human immunodeficiency virus
12. What is the primary characteristic of a virus that enters a
lytic cycle?
A) It integrates into the host DNA
B) It remains dormant
C) It immediately replicates and destroys the host cell
D) It becomes a provirus
13. Which process describes the release of viruses by bursting
the host cell?
A) Exocytosis
B) Lysis
C) Lysogenic cycle
D) Endocytosis
14. What is the role of reverse transcriptase in retroviruses?
A) To help the virus attach to the host cell
B) To convert viral RNA into DNA
C) To integrate viral DNA into the host cell's chromosome
D) To produce new viral proteins
15. Which virus is associated with the development of AIDS?
A) Hepatitis B virus
B) Human immunodeficiency virus (HIV)
C) Herpes simplex I virus
D) Influenza virus
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Exercise 5. Translate the following words and phrases from the
article into Ukrainian.

Virus —

Host cell —
Nucleic acid —
Capsid —
Envelope —

Bacteriophage —
Lytic cycle —
Lysogenic cycle —
Provirus —
Retrovirus —

Attachment protein —

e Reverse transcriptase —
e HIV (human
immunodeficiency virus) —
o AIDS (acquired immune
deficiency syndrome) —

e Cancer —

e Prion —

Viroid —

Plant virus —

DNA fingerprinting —
Gene therapy —

Exercise 6. Match words and phrases with their definitions.

—

Provirus

A

A type of virus that infects bacteria

2 |Lyric cycle

B

Proteins on the surface of a virus that
allow it to bind to specific receptor
molecules on the surface of a host cell

3 |Bacteriophage

Viral DNA that has been integrated into
the genome of a host cell

4 | Attachment protein

D

A small infectious agent that replicates
only inside the living cells of an organism

5 |Capsid

A viral reproductive cycle in which the
viral DNA is integrated into the host
cell's genome and replicates along with
it without causing immediate harm to
the host

6 |Host cell

A viral reproductive cycle in which a
virus infects a host cell, replicates, and
then causes the cell to burst

7 |Lysogenic cycle

The protein shell of a virus, which
encases the viral genome

8 | Virus

A cell that harbors foreign molecules,
viruses, or microorganisms
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Exercise 7. Translate the following words and phrases from the
article into English.

1. Bipyc pocnun — 12. Pak —

2. JHK-pgaxTunockomis — 13. Ipion —

3. I'enHa Teparis — 14. Bipoin —

4. Bipyc — 15. HykneinoBa kuciora —
5. bakrepiodar — 16. Kancupn —

6. JIiTHYHUI UK — 17. O0osoHKa —

7. JlizoreHHMI UK — 18. Binok mpuKpiTuIeHHs —
8. Iposipyc — 19. 3BopoTHA TpaHCKpHUITA3a —
9. Petposipyc — 20. BUJI (Bipyc

10. Kimituna-rocmiomap — iMyHOE(DIUTY JIOIMHM) —
11. CHIJ (cuanpom HabyTOTO

iMmyHonedinuTy) —

Exercise 8. Translate these sentences into Ukrainian, using the
words and phrases from the previous exercise.

1. The host cell is where a virus replicates.

2. The capsid surrounds the virus and gives it its shape.

3. Some viruses have an additional layer called an envelope.

4. The attachment protein helps the virus attach to the host cell.
5. A bacteriophage infects bacteria.

6. The lytic cycle results in the death of the host cell.

7. The lysogenic cycle integrates viral DNA into the host cell's

chromosome.

8. HIV is a retrovirus that causes AIDS.

9. AIDS results from the destruction of the immune system by HIV.
10. Certain viruses can cause cancer by disrupting cell growth.
11. Prions cause diseases by misfolding proteins.

12. Plant viruses can reduce the productivity of their host plants.
13. DNA fingerprinting is used in forensic science.

14. Gene therapy aims to correct genetic disorders by inserting

normal genes.

15. Viral replication can occur through either the lytic or

lysogenic cycle.
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Exercise 9. Translate these sentences into English, using the words

and phrases from the previous exercise.

1. T'enna Tepamisi cupsiMOBaHa Ha BUIIPABJICHHS T€HETHYHUX
NOPYIIEHb IUIIXOM BBEICHHS HOPMaIbHUX T'E€HIB.

2. Pemtikamis Bipycy Moke BigOyBaTHCS HUISXOM JIITHIHOTO
a00 JTI30T€HHOTO ITUKITY.

3. BIJI — ue perposipyc, skuii Buxinkae CHI/L.

4. CHI/I BuHMKaE B pe3y bTati pyitHyBaHH: iMyHHOI crictemu BLL.

5. Bipycu ckinanarmThes 3 HykieiHoBux kuciioT, JJHK a6o PHK.

6. Knituna-rocmnonap — 11e Miclie, Jie perutiKy€eThCs Bipyc.

7. Jeski BipycH MarOTh IOJATKOBUH IIap, IO HAa3HUBAETHCS
000JIOHKOIO.

8. JliTnuHuii 1MWK TOPU3BOAMTH JI0 3aru0eni KIITUHH-
rocroaapsi.

9. Jlizorennuit mukn interpye Bipycay HHK B xpomocomy
KIIITHHU-TOCITOTAPSI.

10. Iposipyc — ue Bipycua JIHK, interposana B JIHK xiTunu-
TOCIIONIAPSL.

11. Bipoinu - ne iadexmiitai PHK-uacTuHKY, SKi Bpa)kaioTh
pOCIHHMU.

12. Bipycu pociavH MOXXYTb 3MEHIIUTH MPOXYKTHBHICTD IXHIX
TOCIIOIAPCHKIX POCIIHH.

13. CHIJ BuHUKaE B pe3yJibTaTi pyiiHyBaHHs iMyHHOI cuctemu BT

14. Jlesixi BipycH MOXYTb BUKJIHMKATH Pak, NOPYLIYIOUH PIiCT
KITITHH.

15. IpioHn BUKIIMKAIOTh 3aXBOPIOBAHHS [IUIIXOM HETPABUIILHOTO
CKJIaJJaHHSI.

Exercise 10. Dwell on these statements, making references to the
information from the article and using the vocabulary from the unit.

. Viruses are particles that are not alive.

. Viruses need the help of living cells to copy themselves.

. Every virus has an inner core of nucleic acid.

. The outer protein coat surrounding the virus is called a capsid.

. Viruses differ in size and shape.

. Some viruses are species-specific.

. A virus that infects a bacterium is called a bacteriophage.

~N NN W~
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8. The lytic cycle results in the death of the host cell.

9. The lysogenic cycle can last for many years.

10. Viruses can be released by lysis or exocytosis.

11. HIV infects white blood cells.

12. AIDS is caused by the human immunodeficiency virus (HIV).
13. Prions are made up of proteins but have no genetic material.

Exercise 11. Arrange the steps in the replication process of the
retrovirus in the correct order by placing the letters below.
Host cell and provirus reproduce; new virus forms
a) Virus enters cell
b) Viral DNA (provirus) integrates into host cell's
chromosomes
c) DNA is made from viral RNA

MINI GLOSSARY

bacteriophage [baok tiaria(u)feids]: also called phages, viruses that
infect bacteria — 6akrepiodar;

capsid [ keepsid]: an outer coat of protein that surrounds a virus's inner
core of nucleic acid; arrangement of capsid proteins gives a
virus its shape — xaricyma Bipyca;

host cell [houst sel]: a living cell in which a virus replicates — kiiTiHa
Xa3siHa;

lysogenic cycle [/iso dsenik 'saik(a)l]: a viral replication cycle in
which a virus's nucleic acid is integrated into a host cell's
chromosome; a provirus is formed and replicated each time the
host cell reproduces; the host cell is not killed until the lytic
cycle is activated — mi3oreHHUH TUKIT;

lytic cycle [ ‘/itik]: a viral replication cycle in which a virus takes over
a host cell's genetic material and uses the host cell's structures
and energy to replicate until the host cell bursts, killing it —
JITAYHANR UK,

prion [ praron]: a virus-like infectious agent composed of only
protein, with no genetic material — mpios;
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provirus [prav varras]: viral DNA that is integrated into a host cell's
chromosome and replicated each time the host cell replicates —
IpPOBIpYC;

retrovirus [ retrou vairas]: the RNA virus with the most complex
replication style — peTpoBipyc;

reverse transcriptase [r1 va:s tran skripteiz]: enzyme carried in the
capsid of a retrovirus that helps produce viral DNA from viral
RNA — 3BOpOTHA TpaHCKpHUINTA3a;

viroid [ ‘'varrord]: a virus-like infectious agent that is composed of only
a single, circular strand of RNA — BipoinHwmii;

virus [ varras]: a disease-causing, non-living particle made up of
nucleic acids enclosed in a protein coat; inside living cells called

host cells — Bipyc.

Exercise 12. Read the article "5 Cool Things your Immune
System Can Do" (check out Supplement 7), identify the main
topic and up to 10 keywords.

Exercise 13. Answer the questions about the text.

1. What does Greg Szeto, Ph.D., say about the immune system
in relation to human function?

2. How does the immune system keep a lifelong record of past
infections?

3. What are memory B cells and T cells, and how long can they
live in the body?

4. How do immune cells recognize environmental toxins and
compounds from our diet?

5. What role do receptors on B cells and T cells play in the
immune system?
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6. How does the immune system learn to differentiate between
self and non-self cells?

7. What happens to immune cells that detect and react to your
own proteins?

8. What is the function of regulatory T cells in the immune system?

9. How does the immune system adapt to rapidly evolving
pathogens like viruses and bacteria?

10. What unique mechanism do B cells and T cells use to evolve
quickly?

11. How does the immune system handle organ transplants
versus pregnancy?

12. What is microchimerism and how does it relate to
pregnancy?

13. How does the immune system contribute to cancer detection
and elimination?

14. Why are patients with suppressed immune systems more
prone to certain cancers?

15. What are cancer immunotherapies and how do they work to
combat cancer?

Exercise 14. Decide if these statements are true or false (T / F).

1. The immune system only becomes active when there is an
infection in the body.

2. Memory B cells and T cells can remember infections for
decades.

3. The immune system only recognizes viruses and bacteria but
not environmental toxins.

4. Autoimmune diseases occur because the immune system
attacks its own cells.

5. Regulatory T cells help prevent the immune system from
attacking the body's own cells.

6. The immune system has a mechanism to rapidly evolve in
response to pathogens.

7.B cells and T cells have receptors that are among the most
diverse and quickly evolving genes in the human genome.

8. The immune system does not differentiate between helpful
and harmful bacteria.

44



9. Pregnant individuals' immune systems do not reject the fetus
even though it contains foreign genes.

10. Microchimerism is a phenomenon where maternal and fetal
cells can mix across the placenta and persist after birth.

11. Mice with impaired immune systems develop fewer tumors
than healthy mice.

12. Patients with HIV are more prone to certain cancers due to
a suppressed immune system.

13. Cancer cells have no way of evading the immune system.

14. Immunotherapies can sometimes eradicate cancer cells
more thoroughly than traditional treatments like chemotherapy and
radiation.

15. Researchers fully understand why immunotherapies work
for some patients and not others.

Exercise 15. Complete the sentences based on the information from
the text.

1. The immune system acts like a , maintaining

a detailed record of pathogens you've encountered throughout your life.

2. Memory B cells and T cells are types of immune cells that

can live for in the body.
3. Immune cells recognize not only viruses and bacteria but also
environmental and compounds from your diet.

4. Autoimmune diseases occur when the immune system goes
, attacking and killing our own cells.
5. Regulatory T cells act as , ensuring that the
immune system doesn't mistakenly attack your own body.
6. The immune system has a mechanism to rapidly
in response to pathogens.
7. B cells and T cells have receptors that are among the most
and quickly evolving genes in the human genome.
8. The immune system differentiates between and
harmful bacteria.
9. Pregnant individuals' immune systems allow the growth of a
without rejecting it.
10. Microchimerism is a phenomenon where maternal and fetal
cells can mix across the and persist after birth.
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11. Mice with impaired immune systems develop
tumors than healthy mice.

12. Patients with HIV are more prone to certain cancers due to
a immune system.

13. Cancer cells develop many tricks to
immune system.

14. Immunotherapies can sometimes eradicate cancer cells
more thoroughly than traditional treatments like and
radiation.

15. Researchers aim to understand why immunotherapies work
for some patients and for others.

the

Exercise 16. Match words and phrases with their definitions.

A structure that forms during pregnancy to
Memory B cells provide nutrients and oxygergl ?o t%le fetZs.
Reﬁi&ﬁry Changes in the genetic material of an organism.
Autoimmune | Tiny infectious agents that can replicate only
diseases inside living cells.
Receptors Proteiqs produced by B cells that help to
neutralize pathogens.
Microchimerism | A seasonal respiratory illness caused by a virus.
Immunotherapy A type of immune cell that helps prevent the
immune system from attacking the body's own cells.
Pathogen A .phenornengn where matemal and fetal cells
mix and persist after birth.
Placenta Harmful microorganisms that can cause disease.
A type of immune cell that remembers past
Antibodies infections and can quickly respond if they
reappear.
A serious disease characterized by uncontrolled
Cancer
cell growth.
. A disease in which the immune system attacks
Mutation
the body's own cells.
Virus A treatment that uses the 'body's own immune
system to fight diseases like cancer.
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. Proteins on the surface of immune cells that
Bacteria
detect and respond to pathogens.
Micr ic organism me of which can
DNA damage croscopic organisms, some of which ca

cause infections.

Flu Damage to the genetic material within cells,
often caused by environmental factors.

Exercise 17. Create nouns from these words from the article.

Recognize
Respond
Detect
Protect
Mutate
React
Survive
Diagnose

Regulate
Expose
Infect
Suppress
Eliminate
Vaccinate
Treat

Exercise 18. Translate these phrases from the text into Ukrainian.

1
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. Recognize a virus

. Churn out antibodies
. Respond to infections
. Detect environmental toxins
. Protect the body

. Mutate quickly

. React to pathogens

. Survive without attack

9. Diagnose a disease

10. Regulate immune response
11. Expose to pathogens

12. Infect the body

13. Suppress the immune
system

14. Eliminate cancer cells

15. Vaccinate against diseases

Exercise 19. Translate the following phrases into English.

1.
2.
3. PearyBaru Ha iHdekuii
4.

BusnaBatu Bipyc
BupoOnstu anTHTINA

BusBiatu exosorivgi

TOKCHUHH

5.
6.

7. PearyBaTu Ha MaToreHu
8.

3axumiaTé OpraHizmM
[IIBuaKO MyTYBaTH

BwxuBatu 60e3 Hamamy
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9. liarHOCTyBaTH XBOPOOY

10. PerymoBatu iMmyHHY
BIAIIOBiAE

11. ITignaBaTtucs maroreHam
12. IndixyBaTu opraHizm

13. IlpuaynryBaTi iMyHHY
cucTeMy

14. YcyBaTn pakoBi KIIITHHH
15. BakmmHyBaTH IPOTH XBOPOO



Exercise 20. Translate the following sentences into Ukrainian using
the phrases from the previous task.

1. Your immune cells are trained to recognize viruses, bacteria,
or other pathogens through infection or vaccination, and they rarely
forget this information.

2. Memory B cells, a type of immune cell that remembers past
infections and can quickly produce antibodies if the same virus or
bacteria invades again, can survive in the body for decades.

3. Autoimmune diseases such as rheumatoid arthritis or type 1
diabetes occur when the immune system malfunctions, attacking
and destroying our own cells instead of protecting them.

4. This seemingly impossible task of distinguishing between
self and non-self involves multiple layers of regulation.

5. Your immune system even differentiates between helpful
and harmful bacteria, allowing the benign bacteria in your gut and
on your skin to flourish.

6. Your immune system functions like a biological diary,
keeping a detailed record of pathogens you have encountered
throughout your life.

7. Researchers still do not fully understand how a pregnant person's
immune system permits the growth of a foreign body, the fetus, while
continuing to protect both the fetus and the parent from pathogens.

8. As researchers uncover these layers of deception, they can
sometimes develop new therapies to combat them.

9. Microchimerism is a phenomenon where maternal and fetal
cells mix across the placenta and persist after birth.

10. Receptors respond to infected cells and fragments of viruses
and bacteria, but they also detect environmental toxins, compounds
from your diet, healthy gut bacteria, and cellular DNA damage
from sunlight.

11. Regulatory T cells act as the body's peacekeepers, continually
monitoring the rest of the immune system for rogue cells.

12. Memory B cells, which remember past infections and can
rapidly produce antibodies if the same pathogen re-enters the body,
can live for decades.

13. These therapies, which range from antibodies that recognize
tumors to engineered T cells, strip away one or more cloaking
layers to enable the immune system to function effectively.
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Exercise 21. Translate the following sentences into English using
the phrases from the previous task.

1. Bamri iMmyHHI KJTITHHH, SIK TIIbKH BOHH HABYEHI PO3Mi3HABATH
Bipyc, Oaktepii abo iHmmMiA mnaroreH dyepe3 iHpekuito abdo
BaKIIMHAIIO, PITIKO 3a0yBarOTh.

2. Knituan nam'sti B, T iMyHHOT KITITHHH, SIKa 3a11aM'STOBY€
cTapy iH(EeKLio 1 MOXKe MBUAKO BUPOOISTH aHTHUTINA, SKIIO TOH
cammii Bipyc abo OakTepist 3HOBY MOTPAILIATh Y OPTaHi3M, MOXYTh
JKUTH B OPTaHi3Mi TECATIITITTIMH.

3. AyTOiMyHHI 3aXBOPIOBaHHS, TaKi SIK PEeBMaTOIIHUN apTpUT
abo nmiaber 1 THITy, BHHUKAIOTh, KOJM IMyHHA CUCT€Ma BUXOJIUTh
3~ KOHTPOJIO, aTaKylouW 1 BOWBAIOYM HAIlll BJIACHI KIITHHH
3aMICTb TOT0, 1100 3aXHILATH iX.

4. Ig, 3maBanocs 6, HEMO>K/IKBA 3a7a4a, PO3PI3HATH CBOI 1 UyxkKi
KIIITHHH, 3MIACHIOETHCS Yepe3 KiJbKa MapiB peryJIsilii.

5. Bama iMyHHA cricTeMa HaBiTh BUUTHCS PO3PIZHATH KOPHUCHI
Ta IOKIATUBI OakTepii, JO3BOJSMIOYM HEUIKiAIMBHM OaKTEpisiM Y
BaIIOMY KHIIIEYHUKY Ta HA MIKipi MPOIBITATH.

6. Bama iMyHHa cucTema i€ SK OIOJIOTIYHHN IIOJICHHUK,
HiATPUMYIOUH AETaLHUH 3aM1C NAaTOTEHIB, 3 SKUMHU BU CTHKAIIUCS
NPOTATOM YCHOTO JKUTTS.

7. JlocmigHUKM AOCi HE TOBHICTIO PO3YMIIOTh, SK IMyHHa
crcTeMa BariTHOI JIIOJUHU I03BOJISIE POCTH OJHOMY UYXKOPiTHOMY
Tiy — IUIOAY, OJJHOYACHO 3aXHUIIA04U 1X 000X BiJ TATOTEHIB.

8. Ko mocnimHUKN pO3KpUBArOTH I1i MIapyu 00OMaHy, BOHH 1HOI
MOXYTh PO3pPOOJIITA HOBI METOIH JTIKyBaHHS /151 O0pOTHOU 3 HIMHU.

9. MikpoxiMepu3M — Ii¢ SBUIIE, KOJIM MATCPUHCHKI Ta IJI0I0B1
KIIITHHA MOXYTh 3MIITyBaTUCS Yepe3 IUIAlleHTy 1 30epiratucs
TiCIIS HApOKCHHS.

10. Penenitopu pearyroTh Ha Hamnl iH(pIKOBaHI KJIITHHUA Ta Ha
KPHUXiTHI YacTUHKH BipyciB 1 Oakrepii, ame BOHH TaKOX
BUSIBIISIIOTH €KOJIOTiYHI TOKCHHH, CHOJYKH 3 Balloro paiioHy,
310poBi OakTepii B KUIeYHHKyY, rmomkomkeHHss JJHK xmitun Bix
COHSTYHOTO CBITJIA.

11. Perynaropui T-KIITHHH TOTIM MJIIOTh SIK MHUPOTBOPII
Oprasi3My, MOCTIHO MEPEBIPSIOYN BCIO PEIITY IMyHHOI CHCTEMHU
HA HASBHICTb KJIITHH, 110 BUHIILIHA 3-11iJ] KOHTPOJIIO.
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12. Knituan mam'sti B, Tun iMyHHOI KIITHHH, sKa
3amaM'sITOByE CTapy I1HQEKI 1 MOXKe IIBHIKO BHPOOIATH
AHTHUTINIA, AKIIO TOH caMuil Bipyc abo OakTepis 3HOBY MOTPAIUISAThH
y OpraHi3M, MOXKYTb )KUTH B OpTaHi3Mi AECATUIITTAMH.

13. IIi MeTronn JNiKyBaHHS, SIKi BapifOIOTBCS BiJl aHTHUTIN, IIO
PO3ITi3HAIOTh IMyXJIMHH, 10 MOAUGiKOBaHMX T-KIITHH, 3HIMAIOThH
onuH a0 KiJIbka 3 IUX 3aXMCHUX IIApiB, HO3BOJISIFOYM IMYHHIN
CUCTEMi BUKOHYBATH CBOKO poOOTY.

MINI GLOSSARY

memory B cells — Immune cells that remember previous infections
and can quickly produce antibodies in response to re-exposure
to the same virus or bacteria. They can live in the body for
decades, providing long-lasting immunity: xriTnaN am'sTi B.

regulatory T cells — Immune cells that help prevent the immune
system from attacking the body's own cells. They act as
peacekeepers, ensuring that the immune response is properly
regulated; perynsatopni T-kniTHHM.

autoimmune diseases — Diseases where the immune system
mistakenly attacks and destroys the body's own cells, such as
rheumatoid arthritis or type 1 diabetes; aBTOIMyHHI
3aXBOPIOBAHHSI.

receptors — Proteins on the surface of immune cells that detect and
respond to pathogens, environmental toxins, and other
molecules. They play a crucial role in identifying threats to the
body; peuentopu.

microchimerism — A phenomenon where maternal and fetal cells mix
across the placenta and can persist in both the parent and child
after birth; mikpoximepusm.

immunotherapy — Treatments that use the body's own immune
system to fight diseases, such as cancer. These therapies can
include tumor-recognizing antibodies or engineered T cells;
IMyHOTepaIis.

pathogen — Harmful microorganisms, such as viruses and bacteria,
that can cause disease; maToreH.
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placenta — An organ that forms during pregnancy to provide nutrients
and oxygen to the developing fetus, while also acting as a partial
barrier to protect against infections; rianenra.

antibodies — Proteins produced by B cells that help neutralize
pathogens by binding to them and marking them for destruction
by other immune cells; anTuTina.

cancer — A serious disease characterized by uncontrolled cell growth
and the ability to invade other tissues. The immune system can
sometimes detect and eliminate cancer cells; pax.

mutation — Changes in the genetic material of an organism, which can
occur naturally or due to environmental factors. In immune
cells, controlled mutations can help them adapt to new threats;
MyTaIlis.

virus — Tiny infectious agents that can only replicate inside living
cells. They are one of the primary targets of the immune system;
Bipyc.

bacteria — Microscopic organisms, some of which can cause
infections in humans. The immune system works to detect and
eliminate harmful bacteria; 6akrepii.

DNA damage — Harm to the genetic material within cells, often
caused by environmental factors like UV radiation. The
immune system can sometimes detect and repair DNA damage;
nomkomkenas JJHK.

flu — A common respiratory illness caused by influenza viruses. The
immune system's memory cells help protect against future
infections after exposure or vaccination; rpu.
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UNIT 7
Health Care. Health and Diseases

Exercise 1. What are the most wide-spread diseases in the world?
How can people cope with different diseases?

Exercise 2. Create a mind map of associations on the topic ‘Health
and Disease'.

Exercise 3. Read the text "Health versus Disease" (Part 1, check out
Supplement §), identify the main topic and up to 10 keywords.

Exercise 4. Answer the questions about the text.
1. What must be considered before discussing human disease?
2. How could health be theoretically defined according to the text?
3. What are some examples of normal measurable characteristics
that might define a healthy person?
4. How is "normal" established in terms of body temperature?
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5. How might health be better defined, beyond just measurable
values?

6. How does the definition of health vary between a
construction worker and a bookkeeper?

7. Why might a bookkeeper be unable to perform manual labor
like a construction worker?

8. What additional aspects does health involve besides physical
fitness?

9. Why would an emotionally unstable person in excellent
physical condition not be considered healthy?

10. According to the text, what does true health involve beyond
the absence of illness or disease?

Exercise 5. Decide if these statements are true or false (T / F).

1. The healthy construction worker expects not to be able to do
manual labour all day.

2. Health involves more than physical fitness, since it also
implies mental and emotional well-being.

3. Health is not merely the absence of illness or disease but
involves the ability to function in harmony with one's environment.

4. It is well known that if the temperatures are taken of a large
number of presumably healthy individuals, the temperatures will
generally come close to 37° C.

5. A bookkeeper is generally perfectly capable of performing
sedentary work.

6. A person having normal body temperature, pulse and breathing
rates, blood pressure, height, weight, sensitivity of hearing, and other
normal measurable characteristics might not be termed healthy.

7. An angry, frustrated, emotionally unstable person in
excellent physical condition be called healthy.

8. Health is often interpreted in terms of the individual's
environment.

Exercise 6. Complete the sentences based on the information from
the text.
1. Health, then, is not merely the absence of illness or disease but... .
2. The healthy construction worker expects to be able to do
manual labour all day, while... .
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3. A person having normal body temperature, pulse and
breathing rates, blood pressure, ... .

4. Health might be defined better as the ability to function
effectively in ... .

5. It is well known that if the temperatures are taken of a large
number of active individuals, ... .

6. Before human disease can be discussed, the meanings of ... .

Exercise 7. Match the terms from the article with their definitions.

1. |Wellness A |the number of breaths taken per minute
the state of being physically healthy and

2. |Manual labour B strong

3. |Blood pressure C |lacking the ability to do something

4. | Breathing rate D physical work done by hand, often

involving strength and skill

stress or pressure on the body due to

5. |Acuity of vision  |E physical exertion

the state or condition of being in good

6. |Physical fitness F physical and mental health

the force exerted by circulating blood on

7. | Be incapable of G the walls of blood vessels

8. |Physical strain H |sharpness or clarity of vision

Exercise 8. Create nouns from these words.
e.g. sick — sickness

e Incapable e To construct
e Well o Sensitive
e To breathe e Acute
o Fit e To press
e Physical e Absent
e Healthy e Able
Exercise 9. Translate these phrases from the text into Ukrainian.
measured values to function in complete
to come close to harmony with
sedentary work to meet demands of
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to be termed to have a dimension different
to be capable of good judgment from

normal measurable to collapse from physical
characteristics strain

Exercise 10. Translate the following phrases into English.
1. Habnmxartucs 10
2. BIAMOBiZaTA BUMOTaM
3. cuasiua podoTa
4. 3HENPUTOMHITH Bif (Pi3UYHOTO BUCHAKEHHS
5. Ha3uBaTUCH
6. BUMIipIOBaHi 3HAYECHHS / BENTUYHHU
7. 3MUCHIOBATH XKHUTTEMISIILHICT Y TIOBHIM TapMOHIi 3
8. OyTH PO3CYTHBUM
9. MaTu 3HaYeHHS, 1O BiAPI3HAETHCS Bix
10. HOpMabHI BUMIPIOBaH1 XapaKTePUCTHKH

Exercise 11. Translate the following sentences into English using
the phrases from the previous task.

1. CopTcMeH 3HENMPUTOMHIB BiA (Pi3UUHOT HANPYTH MmiJ Yac
MapadoHy, TOMY HOTro HeraifHoO TocCIiTanizyBain.

2. HopmanbHi BHMIpIOBaHI XapaKTEpHUCTHKHA KPOBI MOXYTh
BKa3yBaTH Ha 3arajlbHU{ CTaH 3I0pOB'S Malli€HTA.

3. Jlns Toro mo6 OyTH po3CyIIUBHAM, BOXKIHUBO MiATPHMYBATH
MEHTAIbHE 3J7I0pPOB'S 32 JOMOMOTOK PETYISPHUX TPEHYBaHb i
MIPABHIJILHOTO Xap4YyBaHHSI.

4. Ile 3axBOpIOBaHHS YacTO HA3WMBAETLCSA "THXUM BOWBIICIO"
4yepe3 BiJICYTHICTh CHMIITOMIB Ha PaHHIX CTaIisX.

5. Hame Tinmo ¢yHKIiOHY€e B MOBHIM rapMoHii 3 MPUPOIHUMHU
OGiopuT™MaMu, SIKITIO MU TIOTPUMYEMOCS 3I0POBOTO CIIOCOOY JKUTTSI.

6. Cugsiua poboTa MOXKe MIPU3BECTH A0 MPOOIIEM 31 310POB'sIM,
SKIIO He BUKOHYBATH PETYJLIPHUX TEpepB s (i3UIHUX BIIPAB.

7. Cupsaa poboTa MoXKe MPU3BECTH 0 MPOOIIEM 31 370POB'SIM,
SIKIIO HE POOUTH PETYJISPHUX MepepB Ui (hi3MIHUX BIIPAB.

8. Ilix gac TpeHyBaHHS s HaMmaraBcs HAOIU3UTHCS JO CBOET
1leaJIbHOI Bary.

9. Ilicna mapadoHy Kilbka YYacHHKIB 3HETPUTOMHIIA BiX
(hizugHOI HAaNIPyTH 1 TOTPEOYBATM METUYHOT TOTIOMOTH.
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Exercise 12. Translate the following sentences into Ukrainian using

the phrases from the previous task.

1. To meet the demands of a healthy lifestyle, it's essential to
exercise regularly.

2. This condition is termed hypertension and requires careful
monitoring.

3. Normal measurable characteristics of blood pressure indicate
good cardiovascular health.

4. After the marathon, several participants collapsed from
physical strain and required medical attention.

5. For the body to function in complete harmony with natural
rhythms, it's important to maintain a consistent sleep schedule.

6. Sedentary work can negatively impact the health of your
back and neck.

7. This new prosthetic limb has a dimension different from the
previous model, making it more comfortable.

8. The measured values of the patient's blood sugar levels
indicated that a change in diet was necessary.

9. Regular exercise helps me come close to my desired physical
fitness level.

Exercise 13. Think of the preventive methods, avoiding different
and related injuries. Discuss them with your partner.

Exercise 14. Role-play the dialogues in the classroom using the
words and word combinations from this unit.

MINI GLOSSARY

physical fitness [ fizikal fitnis]: the state of being physically healthy
and strong — (i3uYHA M ATOTOBKA;

body temperature ['bodi ‘tempriya]: the degree of heat maintained
by the body - Temnieparypa Tina;

a breathing rate /> 'bri:dmy reit]: the number of breaths taken per
minute - YacToTa IUXaHHS;

blood pressure /blad 'prefa]: the force exerted by circulating blood
on the walls of blood vessels - aprepianbHuii TUCK;
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acuity of vision /2 ‘kju:iti av 'vizon]: sharpness or clarity of vision -
TOCTPOTa 30pY;

manual labour [ menjual 'letbor]: physical work done by hand, often
involving strength and skill - py4na nparis;

physical strain /[ fizikal strem]: stress or pressure on the body due to
physical exertion - isuune Hanpy>KeHHS;

to be incapable of smth [in 'keipabl]: lacking the ability to do
something: OyTH HECTIPOMOXHHUM 0 YOTOCh;

wellness [ welnas]: the state or condition of being in good physical
and mental health — ¢izuune 310poB's;

well-being [ wel 'bi:y]: the state of being comfortable, healthy, or
happy- 6maronomydds, 1oOpoOyT.

Exercise 15. Read the text "Health versus Disease” (Part 2, check out
Supplement 9), identify the main topic and up to 10 keywords.

Exercise 16. Answer the questions about the text.
What prevents you from taking care of your health?
What diseases have a long incubation period?
Why is it important to have annual medical examinations?
What does the concept of health mean?
What is the main difference between illness and disease?
What is the relationship between illness and disease?
What role does stress play in the manifestation of certain
diseases?

8. How does the text define disease? What criteria are used to
classify diseases?

9. What are the consequences of early detection and prevention
in healthcare?

10. What is the significance of implementing a universal health
coverage system?

Nk wbd—
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Exercise 17. Decide if these statements are true or false (T / F).

1. The term illness implies discomfort or inability to function
optimally.

2. Disease, defined as any deviation from normal form and
function, may be trivial if the deviation is maximal.

3. If only one parent has sickle cell anemia, the child may
inherit the disease.

4. The child who is infected with measles does not become ill
until approximately 20 days after exposure.

5. A person may have a disease for many years without even
being aware of its presence.

6. Universal health and treatment of sickness and disease have
not improved globally yet.

7. A latent disease means that it will either become apparent at some
later time or will render the individual more susceptible to illness.

8. Many diseases escape detection and possible cure because
they remain symptomless for long years.

Exercise 18. Complete the sentences based on the information from

the text.

1. During this incubation period the child is not ill but... .

2. An individual who has cancer is often totally unaware of... .

3. Any departure from the state of health, then, is a disease,
whether health be measured in... .

4. Regrettably, many diseases escape detection and possible
cure because... .

5. Some diseases may consist of extremely subtle defects in
cells that... .

6. Universal health and treatment of sickness and disease have
improved globally, but... .

7. The child of a mother and father who both have sickle cell
anemia will probably... .

8. Definitions of the terms disease, illness and health are
discussed... .
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Exercise 19. Match the terms from the article with their definitions.

1. health a) physical harm or damage to someone's body
caused by an accident or an attack

2. disease b) the condition of being ill

3. illness c) the state of being healthy, especially when it
is something that you actively try to achieve

4. injury d) not understanding or realizing something

5. wellness e) caused by infection or a failure of health
rather than by an accident

6. well-being f) not in the place where you are expected to
be

7. sickness g) a condition in which the body or mind is
harmed because an organ or part is unable to
work as it usually does

8. absent h) the condition of being sound in body, mind,
or spirit

9. deviation i) the state of feeling healthy and happy

10. unaware j) different from the usual or common way

Exercise 20. Create nouns from these words.
e.g. sick — sickness

e To injure e To infect

e To impede e To measure
e To impair o 11

e To function e To depart

e Unaware e To assess

e To deviate e Susceptible

Exercise 21. Translate these phrases from the text into Ukrainian.
1. used interchangeably

to be equated with

to function optimally

to escape detection and possible cure

to remain symptomless

to impair function

AN ol
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7. hereditary abnormality

8. universal healthcare system

9. an overt form

10. departure from the state of health

Exercise 22. Translate the following phrases into English.
1. cmagkoBa aHOMATIs
2. YHUKHYTH BUSBICHHSI Ta MOXIIMBOTO JIIKyBaHHS
3. BUKOPUCTOBYBATHCS B3a€MO3aMiHHO
4. OyTH IPUPIBHIHUM 10
5. siBHa opma
6. GOyHKITIOHYBaTH ONITHMAIHHO
7. 3anumarucs 6e3CUMITOMHUM
8. moripiryBatu $yHKLi0O
9. 3araJbHONpPUNHITA CUCTEMA OXOPOHHU 3I0POB's
10. BigxujeHHS BiJl CTaHy 3A0POB'S

Exercise 23. Translate the following sentences into English using
the phrases from the previous task.

1. EBodto1iist € mprupoJHUM MTPOLIECOM, SIKUH MOXKE CIIPUIHHUTH
CKJIaJHI CajKoBi aHOMaTii.

2. KniTuHN TKaHUHHM OpraHizMy (QYHKIIOHYIOTH ONTHMAlIbHO
JIMIIE 32 YMOB MIPABUJIBHOTO KUBJICHHSI.

3. HaykoBui BusBMAM HOBHH BHI OakTepidd, sKi MOXYTb
YHHUKHYTHU BUSBICHHS TPAAULIITHUIMU METOJaMU.

4. barato XBOpo®O MOXYTh 3aqUIIATHCS OE3CUMITOMHUMH
NPOTATOM JIEKiTBKOX MOKOJIIHb.

5. Komu Bipyc moTparuisie B OpraHi3M, BiH MOXe IOTIpPIIATH
(hyHKIIiI0 IMyHHOI CHCTEMH.

6. BueHi BHUKOpUCTOBYIOTH pi3HI METOIH, SKi 4acTo
B3aeMo3aMiHHi, 00 nocmimxysatu JHK.

7. BiaxuneHHs BiI HOPMAaJbHOTO CTaHy 37I0POB'S MOXe OyTH
CIpUYMHEHE CTPECOM, €MOILIMHUM BUTOPaHHIM, (I3UYHUM
BUCHAKEHHSIM.

8. baraTo BipyciB MatoTh SBHY GopMy, SIKy JIETKO BHSBUTH 3a
JTOTIOMOT'OF0 MIKPOCKOTITA.
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Exercise 24. Translate the following sentences into Ukrainian using

the phrases from the previous task.

1. The discovery of new genes can lead to a better
understanding of hereditary abnormalities.

2. Biologists study how organisms function optimally in their
natural habitats.

3. Some bacteria can escape from detection, so this creates a
challenge for researchers.

4. Genetic mutations often impair the normal function of cells
in the organism.

5. The universal healthcare system must adapt to the advent of
new and enxpected diseases, like the pandemic of COVID-19.

6. The overt form of the disease forced doctors to resort to
immediate quarantine measures.

7. The study of biodiversity helps to understand why departures
from the state of health within ecosystems can occur.

8. Regular exercise and a balanced diet are essential for the
body to function optimally.

Exercise 25. Think of the preventive methods, avoiding different
and related injuries. Discuss them with your partner.

MINI GLOSSARY

tumor [ tju:ma(r)]: a mass of cells growing in or on a part of the body
where they should not, usually causing medical problems —
MyXJIUHA, HOBOYTBOPCHHSI,

disease [di'ziz]: a disorder of structure or function in a human, animal,
or plant, especially one that has a known cause and a distinctive
group of symptoms, signs, or anatomical changes — xBopo0a,
3aXBOPIOBAHHS;

injury [ mdzari]: an instance of being injured — ymkomKkeHHs, paHa,
TpaBMa;

susceptible [s2 ‘sep.t2.bal]: likely or liable to be influenced or harmed
by a particular thing — 9y TaHBHHA, CIPUHHATINBHNL;
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to impede [1m pi:d]: to make it more difficult for something to happen
or more difficult for someone to do something -
NEePEIIKOIKATH, 3aBaXKaTH, 3aTPUMYBATH;

to impair /im peor]: to weaken or damage something, especially a
function or ability — moripuryBaTu;

deviation [ di.vi'erfn]: the deflection of a vessel's compass needle
caused by iron in the vessel, which varies with the vessel's
heading — mopymieHHs, BiIXHICHHS;

advent [ ad vent]: the arrival of a notable person, thing, or event —
TIPUXIiJ;

unaware [ an.2 wear]: not knowing or realizing that something is
happening or that something exists — To#, 110 He MiTO3PIOE;

tissue [ trfu:, ‘tisju.]: a group of similar cells that perform a specific

function in an organism — TKaHUHa.
- n
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UNIT 8
Antibiotic Resistance:
a Threat to Our Health?

Exercise 1. Before you read the article, think about these questions
1. What do you know about antibiotic resistance?
2. Why do you think antibiotic resistance is threatening our
health?
3. Why is it difficult to develop new types of antibiotics?
4. Why don't pharmaceutical companies want to invest in

developing new antibiotics?

)

;l}i?jr $ 5
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Exercise 2. Read the article "Antibiotic resistance is threatening our
health. Will bacterial infection send us back to the medical dark
ages?" (check out Supplement 10). Identify the main topic,
subtopics and up to 10 keywords.
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Exercise 3. Answer the questions based on the information from

the article.

1. What is the significance of the antibiotic named QPX9003
developed by Velkov and Li?

2. Why are polymyxins considered important in the fight
against bacterial infections?

3. What challenges have Velkov and Li faced in their research
on QPX9003?

4. Why is antibiotic resistance considered a significant threat to
global health?

5. What historical event led to the discovery of the first
antibiotic, penicillin?

6. How do bacteria develop resistance to antibiotics, and why is
this process accelerating?

7. What are some of the economic challenges faced by
pharmaceutical companies in developing new antibiotics?

8. Why is there a need for government-backed funding bodies
to support antibiotic research, according to Velkov and Cooper?

9. What are some alternative strategies being explored to
combat antibiotic resistance besides developing new antibiotics?

10. What concerns does Professor Matt Cooper have about the
future of bacterial research and antibiotic development?

Exercise 4. Check your understanding of these idioms/expressions.

Vocabulary
a blob a bloke
(to) brainstorm on the cusp of
the dark ages (to) dash off
Down Under geeky
golden staph to be hard to come by
the holy grail (to) muck around
(to) pop pills (to) raise an eyebrow
(to) run rampant a stash
(to) stump up (money) superbugs
(to) supercharge thankless job / thankless task
(to) tip in (money) (to) trip over yourself (to do something)

(to) tweak (something)
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Exercise 5. Use expressions in the vocabulary list to complete
the definitions.

L. bacteria or fungi that have developed the
ability to withstand commonly prescribed drugs.

2. : everyday term for a common bacterium that
lives on the skin or in the nose and has a yellow color under the
microscope.

3. : something that is not appreciated

4. : make something more powerful

5. and : spend your
own money doing something

6. : make small changes to make
something more accurate

7. : slang expression for Australia

8. : slang expression meaning a fellow,
a man

9. : a hoard or secret supply

10. :join in a group to solve a problem by
sharing ideas

11. . difficult period of time, period of
ignorance

12. : appear to be surprised or shocked by
something

13. : describes a person who is fascinated
by new technology and computers

14. : at the point when something is about
to change

15. : grow without any checks or hindrance

16. : something that people look for
because it is very important

17. : soft mass, shapeless object

18. : be very keen to do something so that
you rush to do it

19. : to write something quickly

20. : take medication without considering
the consequences

21. : difficult to obtain

22. : play around with something
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Exercise 6. Translate the following phrases into English.
1. 3arpo3a aHTHOIOTHKOPE3NCTEHTHOCTI
2. IloBepHEHHS B MEIUYHY TEMHY €OXY
3. JlixyBaHHA cMepTenbHUX "cynepOakTepiil”
4. Po3poOka BHYTpPILIHEOBEHHOTO Npenapary
5. 3pocTaHHs TI0JCHKOT0 HACEICHHS
6. bakTepii cTaroTh pE3UCTEHTHUMHU
7. SIBule MOBLIBHOI MTaHIeMil
8. IIpobmemu mormryky Ta po3poOKH HOBHX aHTHOIOTHKIB
9. Bukopucranus TMPUPOJIHUX pecypcuz
10. Ypsinu noBHHHI 3poOUTH Lie TPIOPUTETOM

Exercise 7. Translate the following sentences into Ukrainian using

the phrases from the text:

1. The development of new antibiotics is crucial for fighting
bacterial infections.

2. Researchers often struggle with securing funding for their
projects.

3. The rise of antibiotic-resistant bacteria is a global health
Crisis.

4. New antibiotics need to be developed to prevent a return to
the medical dark ages.

5. Government investment is essential for the future of
antibiotic research.

6. The collaboration between Velkov and Li has been essential
to their progress.

7. Antibiotic resistance could lead to a significant increase in
mortality rates.

8. The medical community must prioritize finding solutions to
antibiotic resistance.

9. Phage therapy is one of the innovative approaches being explored.

10. The economic impact of antibiotic resistance is substantial.

Exercise 8. Translate the following sentences into English:
1. AHTUOIOTHKOPE3UCTEHTHICTD 3arpOXKy€ HAIOMY 310POB'IO.
2. Mu Ha nuIIxy 10 TOBEPHEHHS B MEIMYHY TEMHY €IOXY 0
2050 poky.
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3. Ixuiii BHyTpilIHbOBEHHHMI TIpemapaT CIpAMOBaHMH Ha
cMepTenbHi "cynepOakTepii'.

4. Bou po3poOsioTh HOBUW aHTHOIOTHK, SKHMI HEIIOAaBHO
posnouas nepmy a3y KIiHIYHUX BUIIPOOYBaHb.

5. 31 3pocTaHHSIM IIOJCHKOTO HAaceleHHs OakTepii MaroTh
OibIIIe MOXKIIMBOCTEH CTaTH PE3UCTCHTHUMH.

6. [leski Oaktepii CTalOTh PE3UCTEHTHUMH 1€ JI0 3aBEPIICHHS
KII{HIYHUX BUNIPOOYBaHb.

7. AHTHOIOTHKOPE3UCTEHTHICTh OMUCYETHCS SIK MOBLIbHA MMAHISMIsL.

8. TexHiuHl TpyAHOLII TOIIYKY Ta pO3poOKH HOBHUX
AHTHUOI10THKIB € peaIbHUMH.

9. BinpIIicTh HAIIKX JKiB € PUPOIHIMH IIPOITYKTAMH, i MU HaBITh
HE HaOJIM3WUIIUCS 10 BUKOPUCTAHHS BCIX IIUX IPUPOTHUX PECYPCIB.

10. Ypsinu noBUHHI 3p0OUTH LI0 TPOOIEMY NPiOPUTETHOIO.

Exercise 9. Describe the pictures using the vocabulary from this
unit. Discuss your ideas and associations in pairs or small groups.
Antibiotic resistance
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Exercise 10. Watch the video. Establish
relations between the ideas from the video
and those from the pictures.
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MINI GLOSSARY

antibiotic resistance — The ability of bacteria to survive and grow in
the presence of antibiotics that once killed them;
PE3UCTEHTHICTh 0 aHTHOIOTHKIB.

superbugs — Bacteria that have become resistant to multiple
antibiotics and are difficult to treat; MmikpoOu, cTiliKi 10 JiKiB.

clinical trials — Research studies conducted with human participants
to evaluate the effectiveness and safety of medical treatments;
KJIiHIYHI BUITPOOYBaHHSI.

gram-negative bacteria — A category of bacteria that have a more
complex cell wall structure, making them resistant to many
antibiotics; rpaM-HeraTuBHi OakTepii.

sepsis — A severe and potentially life-threatening condition caused by
the body's response to an infection; cemcuc, cucTeMHE
3ananeHHs.

polymyxins — A class of antibiotics that target gram-negative bacteria;
MOJIIMIKCHHHU.

intravenous drug — Medication administered directly into a vein;
BHYTPIIIHHOBEHHI JIiKH.

inflammation — The body's response to injury or infection, often
causing redness, heat, and swelling; 3anmaneHss1.

antimicrobial resistance — The ability of microbes to resist the effects
of drugs, making infections harder to treat; omipHicTh MiKpOOiB.

phase 1 clinical trials — The first stage of clinical trials where a new
drug is tested in a small group of people to evaluate its safety
and determine a safe dosage range; mepma crafist KIiHIYHUAX
BHUIIPOOYBaHb.
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UNIT 9
Nanotechnology in Medicine

Exercise 1. Discuss questions with your partner or group.
1. What do you know about nanotechnology?
2. How can nanotechnology be used in the medical field?
3. What does the prefix nano-mean?

Exercise 2. Read the text "Nanomaterials for Craniofacial and
Dental Tissue Engineering" (check out Supplement 11). Identify
the main topic, subtopics and up to 10 keywords.

Exercise 3. Answer the questions based on the information from

the article.
1. What is the text about?
2. Why might tissue engineering be useful for craniofacial

injuries or defects?
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3. What sort of regeneration do nanoparticles provide a
structure for?

4. What secondary function do nanofibers and nanoparticles
perform?

5. Are nanomaterials ready for use?

6. What do you know about these examples of nanotechnology?
Discuss your ideas.

Exercise 4. Discuss if these statements are True or False, making

references to information from the article:

1. Nanomaterials have worse biocompatibility compared to
bulk materials.

2. Autologous bone is the most commonly used bone substitute
due to its perfect biocompatibility.

3. The primary challenge with artificial bone is its
immunogenicity.

4. Nano-hydroxyapatite (nHA) 1is the main inorganic
component in natural bone.

5. Electrospun nanofibrous scaffolds have pore sizes that are
too small for cell migration.

Exercise 5. Read the words, check their pronunciation and find their
equivalents in Ukrainian.

biomimetic bioactive agent
craniofacial nanofiber
nanomaterial nanoparticle
nanosheet tissue engineering

Exercise 6. Complete the definitions using words from the previous

exercise.

1. : material which is made of extremely
tiny particles

2. : production of new tissues using biomedical
engineering

3. : particles of matter that is so small that

it cannot be seen by the naked eye
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4, : substance that can influence how an
organism, cell or tissue works

5. : describes a synthetic method to copy a
biological process

6. : length of extremely small particles
which has very strong properties

7. : layered substance made up of extremely
small particles

8 : describes the head and neck including the

skulf, jaws, teeth and face

Exercise 7. Translate these sentences from the text into Ukrainian:

1. The oral and maxillofacial regions are complex areas in the
human body.

2. Nanomaterials have gradually become favored for tissue
engineering research.

3. The scaffold provides a microenvironment for cell adhesion,
proliferation, and differentiation.

4. Researchers have developed composite scaffold materials
containing nHA and other natural biological materials.

5. Electrospinning is one of the most common methods for
preparing nanofibers.

Exercise 8. Translate the following phrases into English:

® Bi/IHOBJICHHS TKAaHUHH
HaHOMAaTepiaTn

MEXaHIYHI BIIACTUBOCTI

KICTKOBa TKaHWHA
€JIeKTPOOOIPUCKYBAHHS

3pas3Ku U1 KIiHIYHUX BUIIPOOYBaHb
TTOJTITi IPOKCHOYTHUPAT
(h13UKO-XiMiYHI BIaCTUBOCTI
THUMYACOB1 IMIUIAHTH

Exercise 9. Translate the following phrases into Ukrainian:

¢ Craniofacial and dental tissue engineering
¢ Oral and maxillofacial regions
e Complicated structure and function
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e Intravenous drug delivery

e Human tissue growth

¢ Bacteria enter cells

¢ Slow healing process

¢ Finding and developing new nanomaterials
¢ Natural bone components

e Governments need to support research

Exercise 10. Translate the following sentences into Ukrainian using

the phrases from the text:

1. Nanomaterials are being used to enhance bone tissue
engineering strategies.

2. The poor mechanical properties of nHA alone make it
insufficient for large load-bearing applications.

3. Electrospun nanofibrous scaffolds mimic collagen fibrils in
cartilage ECM.

4. The development of new scaffold materials is crucial for
tissue engineering.

5. Composite  scaffolds are designed to improve
biocompatibility and mechanical strength.

Exercise 11. Translate the following sentences into English using
the phrases from the text:

1. Binain poToBOi MOPOKHMHM Ta INENENH € CKIAQJAHUMH
IUITHKAMH JTEFOCHKOTO Tina.

2. llosBa TKaHWHHOI iH)KEHEpii MOKa3ye BEIHKHUI MOTEHITial
Ui MailOyTHBOrO JIKYBaHHS UYEPENHO-IMIEBHX Ta 3YyOHHUX
neheKTiB.

3. Ilpu TkaHWHHIN iHXeHepii ciif BpaXOBYBaTH TPH OCHOBHI
(dakTopH: KIITHHH, KapKacu Ta (GaKTOpH POCTY.

4. Kapkac  cTBOproe  MikpocepenoBuule Ans  afaresii,
npodidepartii Ta nudepeHItiamii KITITHH.

5. Hanomarepianu MaroTh Kpamry Oi0CYMICHICTH 1 IIUPOKHIMA
CHEKTp 010J0T1YHOT aKTHBHOCTI.

6. HaHO4acTMHKM 4YacTO BUKOPUCTOBYIOTHCS SIK HOCI JUIs
IITFOBOT Ta KOHTPOJIHLOBAHOI TOCTABKU (DAKTOPIB POCTY.
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7. Hanorigpokcuanarut (HI'A) € OCHOBHMM HEOpPTaHiYHUM
KOMIIOHEHTOM TIPUPOJHOI KiCTKH.

8. KonareH € ronoBHUM OpraHiYHUM KOMIIOHEHTOM TPUPOIHOT
KICTKH.

9. IlopiBHIHO 3 BEIMKAMH MaTepiajlaMH, 3MEHIICHHHA PO3MIip
HaHOMAaTepialliB  NPHU3BOAWTH JO  3HAYHOTO  30UTBIICHHS
YKOPCTKOCTI Ta TUIOLIi MIOBEPXHI.

10. EnexTpoCHiHiHT € OJHMM i3 HaWMONIUPEHIINX METOMIIB
BUTOTOBJICHHS] HAHOBOJIOKOH.

Exercise 12. Expand and complete the dialogues with your own
ideas based on these scenarios. Roleplay them in class.

Dialogue 1: Discussing Nanoparticle Scaffolds
— We've been exploring the use of nanoparticles as scaffolds.
They seem promising for cell growth.
— Indeed, their large surface area could enhance cell adhesion.
Have we considered the biodegradability aspect?
— Yes, we're testing various materials to find the optimal
balance between strength and degradability.

Dialogue 2: Electrospinning Nanofibers
— I'm reading about electrospinning nanofibers for ECM
reconstruction. It's fascinating!
— Absolutely, the technique allows us to mimic the natural
structure of tissues. What materials are you focusing on?
— I'm looking at a combination of collagen and synthetic
polymers to improve tissue integration.

Dialogue 3: Nanomaterials for Drug Delivery
— I've heard about nanotubes in drug delivery. How can they be
applied in dental treatments?
— Their structure allows for controlled release of medication,
which could be useful for periodontal therapy.
— That could revolutionize post-surgical care. Let's collaborate
on a pilot study.
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MINI GLOSSARY

nanomaterials — Materials with structures on the nanometer scale,
providing unique properties useful in tissue engineering;
HaHOMAaTepiaju.

scaffold — A framework that supports cell growth and tissue formation
in tissue engineering; Kapckac, MaTpULISL.

tissue engineering — A scientific field focused on creating biological
substitutes to restore or improve tissue function; TkaHWHHA
IHXEHepisl.

osteoconductivity — The ability of a material to support the growth of
new bone cells; 0CTEOKOHTYKTUBHICTB.

electrospinning — A technique for creating nanofibers used in tissue
engineering scaffolds; exekrponpsaiHHs.

nano-hydroxyapatite (nHA) — A nanomaterial that mimics the
inorganic component of natural bone, used in bone tissue
engineering; HAaHOT1IPOKCIaIaTHUT.

composite scaffolds — Scaffold materials made from a combination of
different substances to improve their properties; KoMIo3uTHI
KapKacu.

biocompatibility — The ability of a material to be compatible with living
tissue without causing an immune response; 0i0CyMCHICTB.

proliferation — The rapid multiplication of cells; npomidepanis,
PO3POCTaHHS TKAHUHH.

differentiation — The process by which cells develop into distinct
types with specific functions; gudepenmiaris.
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UNIT 10
Medical Futility

Exercise 1. Discuss these topics in small groups.

a) Future of Nanomaterials in Medicine

e What do you think are the biggest advantages of
nanomaterials in medicine?

e What potential risks are associated with using
nanomaterials in medical applications?

e How might nanomaterials change approaches to treating
various diseases in the future?

¢ Do you support research in this field? Why or why not?
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b) Challenges and Opportunities of Tissue Engineering

e What are the main challenges faced by researchers in the
field of tissue engineering?

e What opportunities are presented by advancements in
tissue engineering?

e What ethical issues might arise from the use of tissue
engineering?

e Do you support the development of this field? Why or
why not?

Exercise 2. Study the mind map. Share your ideas and associations
based on the mind map.
Mind Map on Medicine and Treatment
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Exercise 3. Read the article "Medical Futility" (Part 1, check out
Supplement 12). Identify the main topic, subtopics and up to
10 key words.

Exercise 4. Answer the following questions based on the information

from the article:

1. What is the definition of medical futility as described in the
article?

2. Why is it challenging for hospitals to establish guidelines for
medical futility?

3. What ethical principles are foundational to the physician-
patient relationship, according to the article?

4. How does the concept of patient autonomy influence
decisions about medical futility?

5. What are the four basic concepts of futility identified in
bioethical literature?

6. Can you describe an example of physiological or strict
futility?

7. What is clinical or overall futility, and how does the case of
Nancy Cruzan illustrate this concept?

8. How does imminent demise futility differ from other
concepts of futility?

9. What distinguishes qualitative futility from quantitative
futility?

10. How does the case of Baby K illustrate the challenges of
defining medical futility in the context of individual choice and
ethical considerations?

Exercise 5. Fill in the blanks based on the text.
1. Medical can best be defined as an instance when

a terminally ill patient and others for whom everything medically
plausible, including heroic methods, has been tried, or a situation
in which a patient has exhausted the course of innovative and tested
therapeutic interventions, and nevertheless will die or live
endlessly in a persistent vegetative state (PVS).

a) Success b) Futility

c¢) Treatment d) Recovery
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2. An intervention is considered medically when
there is no therapeutic benefit to the patient nor will the treatment
return the patient back to an acceptable level of continued
existence.

a) Beneficial b) Plausible
c) Futile d) Effective

3. When comparing the quality of the outcome to the intervention,
the outcome falls below the minimally established
determined by the social standards set in the community.

a) Costs b) Benefits
¢) Guidelines d) Procedures
4. This article seeks to clarify medical together
with the rationale for creating a policy.
a) Ethics b) Practices
¢) Treatments d) Futility

5. Autonomy gives the patient the right to determine what
course of action is preferable, based on their own
a) Values b) Health
c¢) Physician's advice d) Treatment options
6. Treating the patient with interventions that will not improve
functioning could be construed as unethical.
a) Mental b) Physical
¢) Emotional d) Physiologic
7. The first concept is based on , and emphasizes
physiological or strict futility.
a) Justice b) Autonomy
c) Beneficence d) Nonmaleficence
8. An example of clinical or overall futility is one where the
patient is in a who has irreversibly lost the capacities
to interact with the environment and resume human development.
a) Coma b) Persistent vegetative state
¢) Deep sleep d) Temporary unconsciousness
9. futility is when an intervention is unlikely to
restore the patient's ability to interact with the environment and
resume human development.
a) Imminent demise b) Qualitative
¢) Clinical d) Physiological
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10.

futility considers treatment futile if the quality

of life after treatment is unacceptable to the patient.

a) Quantitative b) Beneficial
c¢) Physiological d) Qualitative

Exercise 6. Translate following phrases into Ukrainian.

1. Medical futility

. Terminally ill patient

. Heroic methods

. Persistent vegetative state (PVS)
. Therapeutic benefit

. Acceptable level of continued existence
. Minimally established guidelines
. Social standards

9. Autonomy

10. Physiologic functioning

11. Ethical principles

12. Beneficence

13. Nonmaleficence

14. Clinical setting

15. Bioethical literature

16. Qualitative futility

17. Quantitative futility

18. Imminent demise futility

19. Intervention

20. Physiological improvement

03N LB~ W

Exercise 7. Translate following phrases into English:

1. ComianpHi CTaHAAPTH

. F'epoiuni metonu

. Menuuna 6e3rimy3aicTh

. TepMiHanbHO XBOPHH TAIIEHT

. bioeTnuna niteparypa

. CraH crilikoi BeretaTuBHOI icHyBaHHs (PVS)
. HeymixomxeHnus

. TepaneBTU4YHA KOPUCTh

. IlpuitHATHUI piBEHB MOAANBLIOTO ICHYBaHHS

O 03N L B~ Wi
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10. SxicHa Ge3rimy3aicTh

11. KigpkicHa 0€3rTy3aicTh

12. MiHimMabHO BCTAHOBIIEH]1 K€PiBHI MPUHIIUITN
13. ABTOHOMIS

14. be3rny3nicTb HEMHHYYOi CMEPTI
15. Brpyuanus

16. dizionoriyHe MOKpaIICHHS

17. ®izionoriyHe QyHKIIOHYBaHHS
18. ETnuni npuHImnmu

19. braromisHHs

20. Kniniyni yMmoBH

Exercise 8. Translate these sentences from the text into Ukrainian:

1. Medical futility is a complex and often obscure concept that
frequently complicates decision-making within the medical
community.

2. Medical futility refers to situations where a terminally ill
patient has undergone all possible medical treatments, including
extreme measures, or when a patient has tried every innovative and
proven therapy but will still die or remain in a permanent
vegetative state.

3. An intervention is considered medically futile if it provides
no therapeutic benefit to the patient or fails to restore the patient to
an acceptable level of continued life.

4. Medical futility is defined as a scenario where a terminally ill
patient has received every feasible medical treatment, including
extreme measures.

5. Providing treatments that do not enhance physiological
function can be seen as unethical.

6. When comparing the intervention's outcome to its quality, the
result falls short of the minimal standards set by the community's
social guidelines.

7. An intervention is futile if it offers no therapeutic benefit to
the patient and does not restore the patient to an acceptable level of
ongoing existence.
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8. In bioethical literature, four main concepts of futility have
been identified.

9. Qualitative futility, the fourth element of the concepts of
medical futility, was presented by Tomlinson and Brody.

10. Medical futility involves interventions unlikely to produce
significant benefits.

Exercise 9. Translate these sentences from the text into English:

1. Mempranaa Oe3rTy3/aiCTh € CKIIaHAM 1 9aCTO HESICHUM TIOHSITTSIM,
SIKE YaCTO YCKIIAJIHIOE IPHAHATTSI pillieHb Y MEAWYHIH CITUTBHOTI.

2. JlikyBaHHS mami€eHTa 3a JONOMOIOI0 BTPYYaHb, fAKi He
MOKpaIIyoTh (¢izionoriuHe (QyHKI[IOHYBaHHS, MOXKE BBaXKaTHUCS
HEETHYHHM.

3. BrpyuanHs € 6e3riy3auM, KOu O€3CyMHIBHO OYiKy€THCS
CMEpTh MAIlieHTa 1 BIH HE MOXE CBIJIOMICTh O BUIHCKH 3
KIIIHIYHUX YMOB.

4. BTpy4aHHS BBaXA€THCS MEIUYHO OE3TITY3IHMM, KON HEMae
TEepPaneBTUIHOI KOPHCTI IS IMAIli€EHTa 1 JIKyBaHHS HE IOBEPHE
MaIi€HTa 10 IPUHHITHOTO PiBHS MOJABINIOTO ICHYBaHHS.

5. ABTOHOMis 1a€ MAIiEHTY NPaBO BU3HAYATH, SKUN KypcC Aii €
OakaHUM, BUXOJISTYH 3 iX BIIACHOI CHCTEMH LIHHOCTEH.

6. Y GioetnuHili siTeparypi OyJio BU3HAYEHO YOTUPH OCHOBHI
KOHIIETIIii 0e3rTy3/10CTi.

7. 3rimno 3 KomekcoM eTukm AMEPHKAHCHKOI MEIUIHOL
acomiamii, Jikapi He 3000B'sA3aHi TPOMOHYBAaTH Oe€3MITy3i
BTPYYaHHS HA OCHOBI €TUYHOT'O IIPUHITUITY OJIarO/TisTHHS.

8. Meauuna Oe3ray3lmicTh TMOB'S3aHA 3 BTPYYaHHSIMH, SKi
HaBPSIIL Y IPUHECYTH 3HAYHY KOPUCTH MMAIi€HTY.

9. Lle cTaBuTh nepen JiKapHIMH 3aBIaHHSI BCTAHOBUTH KEPiBHI
OPUHIMITY MeIU4HOI 0e3riy3l0CTi Ta PO3POOUTH TONITHKY, SKa
MiATPUMYE €THYHI PUHIIUITA TTOBATH JIO MAIli€HTIB.

Exercise 10. Read the article "Medical Futility" (Part 2, check out

Supplement 13), identify the main topic and subtopics, and up to
10 keywords.
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Exercise 11. Choose the correct answer for each question.
1. In cases of medical futility, physicians may decide to stop
certain treatments
A. because patients request them to do so.
B. because patients' relatives insist on their continuing.
C. because it is not in the best interests of the patient.
2. In some cases, physicians discontinue treatment
A. before looking at evidence about its benefit to the patient.
B. after developing an opinion that it might be pointless.
C. after reading an overview of its advantages.
3. In paragraph 2, the words no unanimity means
A. the statistics are not the same.
B. doctors do not share the same opinion.
C. the level of futility is anonymous.
4. Some patients and surrogates think doctors
A. have too much influence in decisions about continuing
treatment.
B. do not have the necessary authority to make treatment
decisions.
C. want to emerge as the most important figure in all decisions.
5. Suggested solutions to the medical futility dilemma include
A. more accurate prognosis of conditions.
B. transfer to palliative care units.
C. honest, sensitive discussions with all parties.

Exercise 12. Decide if these statements are True or False based on

the information from the article:

1. Medical futility refers to any medical intervention that fails
to provide a therapeutic benefit to the patient.

2. Patient autonomy requires physicians to provide any
treatment plan that the patient or surrogate desires.

3. The concept of medical futility is universally accepted and
clearly defined within the medical community.

4. The case of Nancy Cruzan is an example of imminent demise
futility.

5. Palliative care can improve the quality of life even if it does
not prolong it.
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go to the Quizlet flashcards and do the
activities.

Exercise 13. Translate these words and phrases into Ukrainian.
1. Quantitative futility
2. Benefit
3. Justification
4. Brain death criteria
5. Guidelines
6. Advanced directives
7. Palliative care
8. Unilateral decision
9. Conflict resolution
10. Goals of care

Exercise 14. Translate these words and phrases into English.
1. KinpkicHa 6e3riry3icTh
2. Kopucts
3. OGrpyHTyBaHHS
4. Kpurepii cMepTi MO3KY
5. KepiBHi mpuHITATIH
6. [TonepenHi TUPEKTHUBU
7. ITaniaTuBHA KOoOMOTa
8. OOHOCTOPOHHE PillleHHS
9. BupimeHHs KOH(IIKTIB
10. Lini mormsimy

Exercise 15. Translate these sentences using the words and phrases
from the previous exercises:
1. Quantitative futility is when the likelihood or probability that
an intervention will benefit the patient is unlikely.
2. Physicians must provide a clear justification for any treatment
plan they recommend.
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3. Brain death criteria are used to determine the irreversible
cessation of brain function.

4. The majority of patients have not designated advanced
directives to guide their end-of-life care.

5. Palliative care can improve the quality of a patient's life even
though it may not prolong it.

6. A patient's physician should have initial authority to consider
treatment futile, although it should not be solely a unilateral decision.

7. A policy that includes conflict resolution guidelines would
aid physicians in cases where they arrive at a decision of futility
when the family is in complete opposition.

8. The Goals of Care Assessment Tool is used to collect relevant
clinical and narrative information crucial to the formulation of
rational goals of care.

Exercise 16. Translate these sentences into English, using the
words and phrases from the previous exercise.

1. ITomiTuka, sAKa BKJIIOYAE€ KEPiBHI MNPHHIMIA BUPIIICHHSI
KOH(QUIIKTIB, [OTOMOXE JIKapsAM Yy BHUMAJAKaX, KOJIM BOHHU
NpUAMalOTh pIlIeHHS NMpo Oe3rNMy3dicTh, a CiM's MOBHICTIO HE
MOTOJIKYETHCSL.

2. KinpkicHa 0e3rmy3micTh Ma€e MicIie TOMi, KO HMOBIPHICTD
abo 1maHc, MO BTPYYaHHS NpPUHECE KOPUCTH MAIEHTY, €
MaJIOMOBIpHUMHU.

3. Jlikapi moBHWHHI HamaTH 4iTKe OOIPYHTYBaHHS OyAb-IKOTO
JIKYBaJILHOTO IJIaHY, SIKHI BOHU PEKOMEHIYIOTb.

4. Kputepii cMepTi MO3KY BUKOPUCTOBYIOTHCS ISl BU3HAUECHHS
HE3BOPOTHOTO MPUTTHHEHHSI (PYHKIIIT MO3KY.

5. SIxmo JiKyBaHHA HE MIPUHECE KOPUCTI MAIliEHTY, SIKE K TOAI
OOTpYHTYBaHHS Ma€ JiKap JUIsl MPU3HAYCHHS JIIKiB?

6. BcTaHOBIIEHHS KepiBHUX MPUHITUITIB MEUYHOT O€3TITy310CT1
MOBUHHO IIOYMHATHUCS 3 MPUITMHEHHS HEBIAMOBITHOTO JIIKyBaHHS.

7. lamiaTuBHA JOTIOMOTAa MOXKE IIOKPAIIUTH SKICTh JKHTTS
TAI[IEHTa, HABITh SKIO BOHA HE IPOJOBXKHUTH HOTO.

8. Jlikap marieHTa MOBHHEH MAaTH MPAaBO BBAKATH MPHU3HAUYECHE
JMiKyBaHHS O€3ray3AWM, Ta BOJHOYAC II€¢ HE TIOBHHHO OyTH
OJIHOCTOPOHHIM PIIIEHHSM.
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Exercise 17. Complete these scenarios with your own ideas.
Roleplay them in class.
Scenario 1: Annual Check-Up
— Good morning! I see it's time for your annual check-up.
How have you been feeling overall this past year?
— Hello, Doctor. I've been doing okay, but I've noticed I get
tired more easily lately.
— Let's go over your diet and exercise routine to see if there
are any areas we can improve for your energy levels.
Scenario 2: Discussing Test Results
— We've got your test results back. Let's discuss what they
mean for your health going forward.
— I'm a bit nervous about them. Is everything alright?
— There are a few areas we need to address, but with some
lifestyle changes, we should see improvement.
Scenario 3: Managing a Chronic Condition
— How have you been managing with your diabetes since our
last visit?
— It's been challenging to keep my blood sugar levels stable.
I could use some advice.
— Let's review your current management plan and see where
we can make adjustments.
Scenario 4: Post-Surgery Follow-Up
— It's been two weeks since your surgery. Tell me, how is
your recovery process going?
— The pain is manageable, but I'm concerned about the
swelling that hasn't gone down.
— Swelling can be normal, but let's take a look to ensure it's
part of the healthy healing process.
Scenario 5: Lifestyle Consultation
— I'm glad you're taking proactive steps towards a healthier
lifestyle. What goals would you like to focus on?
— I want to lose weight and increase my fitness level but don't
know where to start.
— We'll work on a plan together that includes nutrition and
exercise tailored to your needs.
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MINI GLOSSARY

medical futility — An intervention that provides no therapeutic benefit
to the patient; Mean4yHa MapHicTh, OE3TTY3IiCTb.

persistent vegetative state (PVS) — A condition where a patient is
awake but not aware due to severe brain damage; TpuBamuit
BEreTaTUBHUH CTaH.

nonmaleficence — The ethical obligation to avoid causing harm to the
patient; HEHAIIIKOKEHHS, HE3IHCHEHHST IITKO/TH.

beneficence — The ethical principle of acting in the best interest of the
patient by providing benefits and balancing them against risks;
OnarofistHHSL.

autonomy — The right of patients to make informed decisions about
their medical care; aBTOHOMISI.

goals of care assessment tool (GCAT) — A structured tool used to
collect relevant clinical information and guide end-of-life care
decisions; IHTCpYMEHT OLIIHKH SKOCTI LiJIEH TOTIISAY.

palliative care — Medical care focused on providing relief from the
symptoms and stress of serious illness to improve quality of life;
rajiaTuBHa MEIUYHA JOIIOMOra.

ethical principles — Fundamental guidelines that influence decision
making and ethical behavior in healthcare; ernuni npuHIATH.

quality of life — The overall enjoyment of life and sense of well-being
experienced by an individual; sKicTb )XUTTSL.

end-of-life care — Support and medical care given during the time
surrounding death; mepencmepTHUI 10T,

87



UNIT 11
Quality-Adjusted Life Year

Exercise 1. Memorize new words and word combinations, and
compose your own sentences with them. Examples include:
e disease burden
o utility value
e cost-effectiveness analysis
e health states

Exercise 2. Skim through the text "What is a Quality-Adjusted Life
Year (QALY), and why is it important in health economics?" (check
out Supplement 15) and try to get its main idea. Identify up to
10 key words.

Exercise 3. State the main idea of each passage of the article and
support your ideas. Look through the article and write down
its summary.

Exercise 4. Answer the questions based on the information from
the article.
1. Describe the two main inputs required to calculate a
QALY.
2. What are the different methods used to measure utility
values in QALY calculations? Explain each method briefly.
3. Provide an example of how QALY is calculated when a
patient's quality of life changes over a period of years.
4. How does QALY differ from Disability-Adjusted Life
Year (DALY), and what does each measure?

Exercise 5. Complete the statements based on the information from
the article.
1. Quality-adjusted life year (QALY) is a measure of health
outcomes that combines the length of life and
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2. In health economics, QALY is essential for assessing the
value of

3. To calculate QALY two inputs must be considered: the
utility value and

4. The QALY scale ranges from 0 to 1, where 0 means death
and 1 means

5. The time-trade- off (TTO) method involves respondents
choosing between remaining in ill health for a specific period of
time or

6. An example of QALY calculation is if a patient lives with a
utility of 0.5 for one year, this is equivalent to living half a year in

7. Palliative care aims to improve the quality of a patient's life
even if it does not it.

8. A policy including conflict resolution guidelines helps
physicians when they arrive at a decision of futility and

9. The use of QALY in health economics is crucial for
evaluating the cost-effectiveness of

10. DALY, unlike QALY, quantifies the burden of disease by
summing the years of life lost due to premature mortality and

Exercise 6. Decide if these statements are true or false.

1. QALY stands for Quality-Adjusted Life Year.

2. QALY only measures the quantity of life without considering
the quality of life.

3. A QALY value of 1 represents perfect health for one year.

4. The visual analog scale (VAS) rates ill health on a scale from
0 to 100, where 100 represents being dead.

5. QALY calculations help in determining the cost-
effectiveness of medical interventions.

6. DALY and QALY can be used interchangeably to measure
health outcomes.

7. The National Institute for Health and Care Excellence (NICE)
uses QALY to evaluate health technologies in the United Kingdom.

8. Palliative care can only prolong life and has no impact on the
quality of life.
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9. QALY calculations are not influenced by the severity of the
disease.

10. QALY is a widely accepted metric in health economics
despite some criticism of its theoretical assumptions.

Exercise 7. Translate these phrases from the text into Ukrainian:

Quality-Adjusted Life Year (QALY)
Health economics —

Medical interventions —
Cost-effectiveness analysis —

Utility value —

Time-trade-off (TTO) —

Standard gamble (SG) —

Visual analog scale (VAS) —
Empirical evidence —

Exercise 8. Translate these phrases from the text into English:

SIKiCTh CKOPUTOBAHOTO JKUTTS
ExoHnomika 0XOpOHH 310pOB'S
MenudHi BTpy9aHHS

AHai3 peHTa0eIbHOCTI
Kopucnicts

YacoBuii KOMITpoMic
CrangapTHUHA pU3UK
BisyanpHa ananorosa mkana
Emmnipuani moxasu

Exercise 9. Translate the sentences into English, using the words
and phrases from the previous exercise.

L.

SIKICTh CKOPUTOBAHOTO JKUTTS € MIPOI0 pEe3yNbTaTiB

3,[[0pOB'$I, sKa MMOEJHY€E TpI/IBaJ'IiCTL JKHATTS Ta SIKICTh KUTTAL.

2.

B exonowmini oxoponu 3m0poB'ss QALY € BakIuBUM IS

OIIIHKH BapTOCTI MEIUYHHUX BTPyUYaHb.

3.
JIaHi:

I pospaxynky QALY HeoOxiHO BpaxyBaTu JBa BXIiJHI
KOPHCHICTh 1 TPHBAIICTh XKHUTTA JIOACH y PI3HUX CTaHaX

3JI0pPOB'sL.
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4. BizyansHa aHanorosa mkaia (VAS) OLiHIOE CTaH XBOpoOHU 3a
mkasoro Bix 0 mo 100, ae 0 o3Hagae cmepts, a 100 — imeanbHe 3MOPOB'S.

5. EMmipuuHi  J0Ka3W, 10 JOKYMEHTYIOTb pe3yJbTatr
JiKyBaHH:, BU3HAYATh, UM € JIKYBaHHs O€3TIy3JUM YH Hi.

6. B exonomini oxoporu 310poB'ss QALY BHKOPHCTOBYETHCS
JUTS OIIIHKY PEHTA0EIBHOCTI METUIHUX BTPYUYaHb.

7. EMmipuyHi  70Ka3uM € KPUTUYHUMHU JIJIsS  BH3HAUCHHS
e()eKTUBHOCTI KOHKPETHOTO METUYHOTO BTPYUYaHHS.

Exercise 10. Translate the sentences into Ukrainian, using the
words and phrases from the previous exercise.

1. Quality-Adjusted Life Year (QALY) is a measure of health
outcomes that combines the length of life and quality of life.

2. In health economics, QALY is essential for assessing the
value of medical interventions.

3. To calculate QALY, two inputs must be considered: the utility
value and the amount of time people live in various health states.

4. The time-trade-off (TTO) method involves respondents
choosing between remaining in ill health for a specific period of
time or perfect health with a shorter life expectancy.

5. Empirical evidence documenting the outcome of treatment
will establish whether a treatment is futile or not.

6. Palliative care can improve the quality of a patient's life even
though it may not prolong it.

7. The standard gamble (SG) method involves respondents
choosing between remaining in ill health or taking a medical
intervention that could either restore perfect health or result in death.

Exercise 11. Complete the survey and find out your quality-of-life
level. Share your results in small groups.
Health Quality Assessment Questionnaire
1. How often do you engage in physical activity?

— [ ] Daily

— [ ] Several times a week

—[ ] Rarely

—[ ] Never
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2. How would you rate your stress level?
—[ ] Low
— [ ] Moderate
~[]High
—[] Very high
3. How would you rate the quality of your sleep?
—[ ] Excellent
—[ ] Good
—[ ] Fair
—[ ] Poor
Dietary Habits:
4. How many servings of fruits and vegetables do you
consume daily?
—[ 15 or more
—-[]3-4
—[]11-2
—[ ] None
5. How often do you eat processed or fast foods?
—[ ] Rarely or never
— [ ] Occasionally
— [ ] Frequently
—[] Very frequently
Lifestyle Choices:
6. Do you smoke tobacco products?
—[]Yes
—[]No
7. How often do you consume alcoholic beverages?
—[ ] Never
— [ ] Monthly or less
—[]2-4 times a month
—[]2-3 times a week
—[ ] 4 or more times a week
Mental Well-being:
8. Do you feel you have someone to talk to when you're feeling
down?
—[ ] Always
— [ ] Usually
— [ ] Sometimes
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—[ ] Rarely
—[ ] Never
9. How often do you engage in activities that you enjoy?
— [ ] Daily
—[ ] Several times a week
—[ ] Once a week
—[ ] Less than once a week
—[ ] Never

MINI GLOSSARY

QALY (Quality-Adjusted Life Year): A measure of the value of health
outcomes, combining both quantity and quality of life; sxicTs
CKOPUTOBAHOTO YKHTTSI.

DALY (Disability-Adjusted Life Year): A measure of overall disease
burden, expressed as the number of years lost due to ill-health,
disability, or early death; pik >KUTTS 3 MONPABKOIO HA IHBAJII THICTb.

utility value: A measure of the preference for a particular state of health,
used in calculating QALY's; KOpHCTh, KOPHUCHE 3HAYCHHS.

cost-effectiveness analysis: A method of comparing the relative
expenses and outcomes of different courses of action; amami3
peHTa0eNnbHOCTI.

health states: Different levels of health quality that a person may
experience over time; CTaH 3JI0pOB's.

Time-Trade-Off (TTO): A method for measuring utility value where
respondents choose between living longer in a less desirable
health state or shorter in perfect health; vacoBmii kommpowmic.

standard gamble (SG): A method for measuring utility value involving
a choice between a certain less desirable health state and a gamble
between perfect health and death; crannapTHuii pu3HK.

visual analog scale (VAS): A method for measuring utility value by
rating health states on a scale from 0 (worst) to 100 (best);
Bi3yaJibHa aHAJIOrOBa ITKAJIa.

EuroQol EQ-5D: A standardized instrument for measuring health
outcomes; onuTyBanbHUK 370poB'st EuroQol EQ-5D.

health economics: The study of how health care resources are
allocated, including the costs and outcomes of health care
services.; eKOHOMiKa OXOPOHH 37I0POB'S.
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UNIT 12
Fighting Influenzas

Exercise 1. Before reading the text, memorize new words and word
combinations, and compose your own sentences Wwith them.
Examples include:

antiviral drugs

prescription medication

flu complications

side effects

Exercise 2. Read, translate, and be ready to retell the following text
"What You Should Know About Influenza (Flu) Antiviral Drugs"
(Part 1, check out Supplement 15). Identify up to 10 keywords.
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Exercise 3. Answer these questions based on the information from

the article.

1. What are antiviral drugs and how do they work against the flu?

2. Can flu illness be treated with antiviral drugs and how
effective are they?

3. What should a person do if they think they have the flu?

4. Should people still get a flu vaccine even if antiviral drugs
are available?

5. What are the benefits of starting antiviral treatment within
two days of getting flu symptoms?

6. What are the four FDA-approved antiviral drugs
recommended by the CDC for this flu season?

7. What are the common side effects of oseltamivir and
zanamivir?

8. How long should antiviral drugs be taken for the treatment
of flu?

9. Are antiviral drugs safe for children and what are the age
recommendations for each drug?

10. Why is oral oseltamivir recommended for pregnant women
with the flu?

Exercise 4. Choose the correct option based on the information from
the article.

1. What are antiviral drugs?
a) Over-the-counter medications
b) Prescription medicines that fight against flu in your body
¢) Antibiotics for treating bacterial infections
d) Vitamin supplements

2. Can flu illness be treated with antiviral drugs?
a) No
b) Only if there are no other options
c) Yes
d) Only in severe flu cases

3. When do antiviral drugs work best?
a) After 5 days of symptoms
b) Within two days of symptoms
¢) A week before symptoms
d) A month before symptoms
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9.

. Are antiviral drugs a substitute for the flu vaccine?

a) Yes

b) No

¢) Only for children

d) Only for pregnant women

. What are the benefits of antiviral drugs?

a) Reduce fever and symptoms

b) Shorten the time you are sick by about one day
¢) Prevent serious flu complications

d) All of the above

. What antiviral drugs are recommended by the CDC this season?

a) Aspirin and paracetamol

b) Ibuprofen and amoxicillin

¢) Oseltamivir, zanamivir, peramivir, baloxavir marboxil
d) Vitamin C and zinc

. What are the possible side effects of oseltamivir?

a) Headache and sore throat
b) Nausea and vomiting

¢) Dry skin and itching

d) Increased appetite

. Can children take antiviral drugs?

a) Yes, but it varies by medication

b) No, only adults

¢) Only teenagers

d) Only infants

Which antiviral drug is not recommended for pregnant and

breastfeeding women?

a) Oseltamivir
b) Zanamivir
¢) Peramivir
d) Baloxavir

10. Who should take antiviral drugs first and foremost?

a) People with mild flu

b) People at high risk of serious flu complications
c) All people regardless of health status

d) Only children and pregnant women
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Exercise 5. Match the terms with their correct meanings.

1

2.
3.

1

. strain

bivalent
surveillance

. cross-contamination

. trivalent

. mutation

. neuraminidase inhibitor
. uncomplicated flu

. reservoir

0. quadrivalent

a) habitat in which an infectious
agent lives

b) careful watching of something

¢) describes a vaccine that stimulates
a response to 2 influenza strains

d) way in which genes change and
produce permanent changes

e) influenza infection that is usually
self-limiting and does not cause
complications

f) class of antiviral that block the
enzyme responsible for influenza
virus reproduction

g) particular type of something

h) describes a  vaccine  that
stimulates a response to 2 influenza
A and 2 influenza B strains

1) describes a vaccine that stimulates
a response to 2 influenza A and 1
influenza B strains

j) process by which a harmful
substance spreads from one area to
another.

Exercise 6. Translate the following words and phrases into Ukrainian.

L.

Antiviral drugs

. Prescription medicines
. Flu symptoms

. Flu vaccine

Side effects

. Oseltamivir phosphate
. Zanamivir

. Peramivir

0. Baloxavir marboxil

2
3
4
5. High risk of serious flu complications
6.
7
8
9
1
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Exercise 7. Translate the following words and phrases into English.
1. PenenitypHi Jiku
2. CuMOTOMU TPUITY
3. OcenpramiBip ocdar
4. IlpoTtuBipycHi mpemaparu
5. IlepamiBip
6. Bakuuna npotu rpumy
7. Bucokuid pU3UK CEpHO3HUX YCKIIaJHEHb TPUITY
8. I1obiuHi edexTu
9. 3anamiBip

10. banokcaBip MapOOKcHII

Exercise 8. Translate the following sentences into Ukrainian.

1. Antiviral drugs are prescription medicines that fight against
flu in your body.

2. Prescription medicines can only be obtained with a
prescription from a healthcare provider.

3. Flu symptoms can include fever, cough, sore throat, runny or
stuffy nose, body aches, headache, chills, and fatigue.

4. Flu vaccine is the first and best way to prevent influenza.

5. People at high risk of serious flu complications should
consider taking antiviral drugs.

6. Side effects vary for each medication.

7. Oseltamivir phosphate is available as a pill or liquid.

8. Zanamivir is a powder that is inhaled.

9. Peramivir is given intravenously by a healthcare provider.

10. Baloxavir marboxil is a pill given as a single dose by mouth.

Exercise 9. Translate the following sentences into English.

1. PeuenTypHi KK MOKHa OTPUMATH TIJIbKH 32 PELENITOM Bij
MEIUYHOTO TPAI[iBHHUKA.

2. TloGiuHi edeKTH BiIPi3HAIOTHCS IS KOXKHOTO Ipernapary.

3. BaknuHa npoTH TpUIly € MepHIuM 1 HafKpamuM crnocobom
3armo0irTé rpuiy.

4. llpotuBipycHi mpemapatu — I€ peUenTypHi KW, SKi
OOPIOTHCS MPOTH IPUILY B BALLIOMY OpraHi3Mmi.
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5. OcenpramiBip ¢ocdar gocTynHuil y BUrIAAl TabaeTku ado
piouHU.

6. 3aHaMiBip — IIe IOPOIIOK, IKUH BIUXAETHCS.

7. Jlromy 3 BUCOKMM PU3UKOM CEPHO3HUX YCKIIQJHEHb TPUILY
MOBWHHI PO3MISTHYTH MOXIIMBICTH NPUHAOMY TPOTHBIPYCHHX
Tpenaparis.

8. CUMITOMU TPUITy MOXKYTh BKIIOYATH JINXOMAHKY, KaIllellb,
Oinb y Topii, HEXXHUTh a00 3aKIAJCHICTh HOCA, JIOMOTY B TiJi,
TOJIOBHUH 0171, 03HOO Ta BTOMY.

9. banokcaBip MapOokcui — Iie TaOJeTKa, sKa MPUIAMAEThC
OJTHOPA30BO Yepe3 poT.

Exercise 10. Agree or disagree with these topics in small groups.

1. Antiviral drugs should be available over-the-counter to
improve accessibility.

2. Everyone should get a flu vaccine every year, regardless of
their health status.

3. The benefits of antiviral drugs outweigh the potential side
effects.

4. Children should always be treated with antiviral drugs when
they get the flu.

5. Pregnant women should avoid all antiviral drugs due to
potential risks to the baby.

6. Flu vaccines are more effective than antiviral drugs in
preventing flu-related complications.

7. Healthcare providers should focus more on preventive
measures, like vaccines, rather than treatments, like antiviral drugs.

8. Antiviral drugs should be prescribed only to high-risk
patients to prevent overuse and resistance.

9. Flu symptoms can always be managed effectively without the
use of antiviral drugs.

10. Public awareness campaigns should focus more on the
availability and benefits of antiviral drugs.

Exercise 11. Look at the picture and share your associations based
on personal experience.
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Exercise 12. Read and translate the text "Antiviral Treatment of
Influenza" (check out Supplement 16). Identify up to 10 keywords.

Exercise 13. Answer the questions based on the information from

the article.

1. Why are antivirals important for individuals at risk of
developing severe influenza?

2. What are the three antiviral drugs authorized for the
treatment of influenza in Europe, and what are their specific uses?

3. Why are Matrix-2 (M2) inhibitors such as adamantanes not
recommended for the treatment of influenza?

4. How is antiviral resistance monitored in Europe, and which
organizations are involved in this process?

5. Under what circumstances might everyone exposed to
influenza be given antivirals, and why?
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Exercise 14. Decide if these statements are True or False. Justify
YOur answers.

1. Antivirals can replace influenza vaccination.

2. Oseltamivir (Tamiflu) and Zanamivir (Relenza) are
neuraminidase inhibitors.

3. Adamantanes are effective against influenza B strains.

4. Baloxavir marboxil (Xofluza) is used for treatment and
post-exposure prophylaxis of influenza in individuals aged one
year and older.

5. Antivirals are available over the counter without a
prescription.

6. Zanamivir and Oseltamivir are effective on the
neuraminidases of influenza A and B viruses.

7. Antivirals are most effective when taken within the first
48 hours of symptom onset.

8. Excessive use of antivirals can lead to the development of
drug-resistant influenza viruses.

9. All people, including those not at risk, should have antivirals
at home for immediate use.

10. In a proven influenza outbreak in a long-term care facility,
antivirals may be given to all at-risk individuals.

Exercise 15. Translate these phrases from the text into Ukrainian:
1. Antivirals

. Duration of disease

. Severity of symptoms

. Antigenic mismatch

. Waning immunity

. Avian influenza

. Emerging pandemic

. Influenza-specific antiviral drugs

. Influenza A and B viruses

10. Prescription

11. Underlying conditions

12. Symptom onset

13. Resistance to antiviral drugs

14. High risk for complications

15. National guidelines

O 031N L B~ Wi
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Exercise 16. Translate the following phrases into English.
1. IIpotuBipycHi 3acobu

. TpuBamnicts xBopoOu

. 3HIKEHHS IMyHITETY

. [Ttammuanii rpun

. Bunukaroua mangemis

. TsoKKicTh CUMIITOMIB

. IlouaTok cumMnToMiB

. llpoTtuBipycHi npenapatu, cnienudidHi A TpUILy

. Bipycu rpuny A Ta B

10. Cri#ikicTh 10 MPOTHBIPYCHHUX NpENapaTiB

11. Bucokuii pu3uk ycKiaaHEeHb

12. HarionanbHi KepiBHUIITBA

13. Penent

14. OCcHOBHI 3aXBOPIOBaHHS

15. AHTHreHHAa HEBIAMOBIAHICTE

O 03O L B~ Wi

Exercise 17. Translate the following sentences into English.

1. EQexTHBHICTh MPOTUBIPYCHUX MpENapariB 3MEHIIYETHCS 3
94acoOM BiJI TOYATKY CUMITTOMIB.

2. [IpotuBipycHi 3aco0m MOXYTh OYTH KOPHUCHHMH ISt
3MEHIIEHHS] TPUBAJOCTI XBOpoOM abo TMHKKOCTI CHMIITOMIB,
CIPUUMHEHUX 1HEKIIEI0 BipyCy TPHITY.

3. 3HIWKEHHA IMYHITETY y JITHIX JIOJeH MoOXe 3poOHTH iX
OLITBII Bpa3TUBUMH IO TPHUITY.

4.VY pa3i cnamaxy NOTAlIMHOTO TPHUILy HEOOXiTHO BXHUTHU
CYBOPHX 3aXO/IiB.

5.1lix yac BMHHKaKO40i HaHAEeMii CBO€4acHa NMOCTKOHTAKTHA
npodilakTHKa  MOXeE  JIOTIOMOITH  YHHKHYTH  IIBHJKOTO
MOLIUPEHHS BIPYCY.

6. [IpotuBipycHi npenapard, crneuudiudi A Tpumy, €
Ba)KJIMBHUM JIOTIOBHEHHSIM JIO BaKIIUHH MPOTH TPHITY.

7. KopneH 3 1ux mpenapariB He MOKHa OTPUMATH 0e3 perenTa.

8. CrilikicTh 0 MPOTHUBIPYCHHX MNpenapariB KOHTPOJIOETHCS
IITXOM aHaJli3y CTIHKOCTI 10 POTUBIPYCHUX ITPETIaparis.
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9.0co0u 3 BHCOKMM PH3MKOM YCKJIaJHEHb IOBHHHI
PO3TISTHYTH MOXKIIUBICTh TPOTUBIPYCHOTO JIIKYBaHHS 1 CBOEYACHOT
BaKIMHAL].

10. HartionanpHi areHiii 3 muTaHb OXOPOHHU 3[IOPOB'S] HAJIAIOTh
peKOMEHaIlii I0J0 BUKOPHUCTAHHS MTPOTUBIPYCHUX MPENaparis.

Exercise 18. Translate the following sentences into Ukrainian.

1. Antivirals can be useful to reduce the duration of disease or
severity of symptoms due to influenza virus infection.

2. Waning immunity in the elderly population can make them
more susceptible to influenza.

3. In case of an avian influenza outbreak, strict measures must
be taken.

4. Immunocompromised patients are particularly vulnerable to
severe influenza infections.

5. Influenza-specific antiviral drugs are an important addition
to the influenza vaccine.

6. These medications are effective against both influenza A and
B viruses.

7. None of these medications can be obtained without a
prescription.

8. Individuals with underlying conditions should consult a
doctor at the onset of symptoms.

9. The effectiveness of antivirals decreases with the time
elapsed from the symptom onset.

10. National guidelines provide recommendations for the use of
antivirals.

Listening

Exercise 19. Waich the video at Fighting influenza.

Video Transcript

2018 marked the 100th anniversary of the flu pandemic, often
referred to as The Spanish Influenza Pandemic. This devastating event
claimed the lives of an estimated 50 million people worldwide. Since
then, significant milestones have been reached in both the prevention
and treatment of influenza. In 1903, fifteen years before the 1918
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pandemic, Johnson & Johnson started to
mass-produce hypodermic needles and
syringes. The needles were designed to fit
a standard syringe, as the company
recognised the need to administer
medication as an injectable form to a large
number of people, for example, during
vaccination programmes. Prior to this, most
drugs were administered orally. In 1933,
British researchers isolated and identified influenza A, the flu strain most
likely to cause a pandemic. In fact, the discovery was accidental, as the
researchers had been working with ferrets to produce a distemper vaccine,
when one of the animals caught the flu from a researcher.

During the testing period of the vaccine, researchers noticed that
some patients did not develop antibodies to the influenza A strain.
This led to the discovery of another strain, influenza B, which while
not responsible for pandemics can still cause localised endemics. In
1942, a new bivalent vaccine was produced which protected against
both strains of the influenza virus. In 1944, this whole-virus,
inactivated influenza A and B vaccine was tested in military recruits
and college students in the US and approved for use in the general
population the following year. Despite initial enthusiasm for the
vaccine, by the time of the 1947 flu season it was clear that the
vaccine was not effective against currently circulating flu viruses. As
a result, the WHO set up a worldwide surveillance system in 1952 to
monitor globally circulating influenza strains, so that a targeted
vaccine could be made each year in response. The mass production
of disposable needles and syringes in 1954 helped to reduce cross-
contamination during the administration of vaccines and the
development of a trivalent vaccine containing two influenza A and
one influenza B strain in 1978 further improved the protection
against the most common circulating strains. In 2003 a nasal vaccine
was licensed for healthy, non-pregnant people between the ages of 5
and 49. In 2007, its use was extended to children between 2 and 5
years of age. Finally, in 2012, a quadrivalent vaccine against 2
Influenza As and 2 Influenza Bs was released. Apart from research
into vaccines which prevent infection with influenza, developments
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have been made in therapeutics which treat influenza infections once
they occur. Medications used to treat flu illnesses are called
antivirals. This type of drug works by binding to proteins on the
surface of viruses stopping viruses from spreading to healthy cells.
Unfortunately, when viruses change their proteins, they can become
resistant to antivirals. The first antiviral drug to be released into the
US market was amantadine, after its antiviral properties were
reported in 1963. Although gaining approval in 1976 in the treatment
of influenza A infection, it is no longer recommended due to its side
effects and resistance issues. In 1999, a new class of antiviral
medications called neuraminidase inhibitors was introduced. Two
antivirals, oseltamivir phosphate and zanamivir, were approved by
the Food and Drug Administration (FDA) for the treatment of
influenza A and B. Oseltamivir phosphate, brand name Tamiflu, is
the most commonly used oral antiviral flu drug that can be taken at
any age. Common side effects may include nausea, vomiting and
headache. Zanamivir, brand name Relenza, is an inhaled oral drug
which can be taken by people 7 years and older except by people
with asthma or chronic obstructive pulmonary disease (COPD).
Common side effects include wheezing, sinusitis and dizziness. In
2014, Peramivir, brand name Rapivab, was developed for people
admitted to the Emergency Department who are not able to take
antivirals orally. Peramivir is administered intravenously as a single
dose to patients two years old, or older. The most common side effect
is diarrhoea. Baloxavir marboxil, brand name xofluza, is a single-
dose, oral antiviral drug approved in the US and Japan in 2018 and
in the UK in 2021. It is used to treat uncomplicated flu in adults and
children 1 year or older. The most common side effects of the drug
are diarrhoea, bronchitis, nausea, sinusitis and headache. Over the
past hundred years, influenza has caused four global pandemics and
the constant changes in the influenza genome pose a continual threat
to novel emergent strains. The 2009 swine flu pandemic was caused
by the same strain of influenza that resulted in the 1918 pandemic. It
exposed weaknesses in pandemic preparedness that were somewhat
improved by increased surveillance and the development of
pandemic risk assessment tools. The monitoring of pre-pandemic
influenza viruses, such as the case of bird flu, provides public health
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bodies with an advantage should the viruses transition from pre-
pandemic to pandemic status. Continuing routine surveillance in
animal populations known to be influenza reservoirs may also reveal
important patterns in mutations and recombination events. Despite
this, there still remains the threat of a completely new strain
emerging, highlighted by the recent Covid pandemic

Exercise 20. Complete the timeline of information about influenza
treatment and prevention.

1903 mass-production of needles and syringes

1918 estimated 50 million people die in Spanish
Influenza Pandemic

1933 influenza A identified — most likely to cause a
pandemic

1942 vaccine produced against both strains of the influenza virus

1944 influenza A and B vaccine in US military recruits
&college students

1945 vaccine for use in the general population

1947 vaccine deemed not effective against currently
flu viruses

1952 sets up worldwide surveillance system

1954 mass production of needles and syringes

1963 amantadine - first drug released

1976 amantadine approval for treatment of infection

1978 development of a vaccine

1999 (new antiviral drugs) introduced

2003 licensing of nasal vaccine for healthy, people
aged 5 to 49

2007 vaccine use extended to between 2 and 5 years old

2009 pandemic

2012 vaccine was released

2014 Peramivir developed for use in (IV not oral)

2018 Baloxavir marboxil — , oral antiviral
drug approved in the US & Japan in 2018

2021 Baloxavir marboxil in the UK.
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MINI GLOSSARY

antiviral drugs: Prescription medicines used to treat flu by fighting
the influenza virus in the body; nmpotuBipycHi npemaparu.

oseltamivir phosphate (Tamiflu®): An antiviral drug available as a
pill or liquid, used to treat and prevent influenza; ocenpramiBip
tdhocdar.

zanamivir (Relenza® and Dectova): An antiviral drug in the form of
an inhaled powder or intravenous injection, used to treat and
prevent influenza; 3anamisip.

baloxavir marboxil (Xofluza®): An antiviral drug taken as a single
dose by mouth, used to treat and prevent influenza; Ganoxcasip.

flu complications: Serious health issues that can arise from influenza,
such as pneumonia; yckiagHeHHS Bi TPUILY.

prescription medication: Medicines that require a prescription from
a health care provider to be obtained; iku, 10 BiXITyCKalOTHCS
3a PElENTOM.

side effects: Unwanted symptoms caused by medical treatment;
no0iuHi edekru.

intravenous: Administered through a vein; BHyTpilTHbOBEHHHIA.

high risk factors: Conditions or situations that increase the likelihood
of severe flu complications, such as age or chronic medical
conditions; (haKTOPH BUCOKOTO PU3HKY.

neuraminidase inhibitors: A class of antiviral drugs that block the
neuraminidase protein on the surface of the influenza virus,
preventing it from spreading; inri6iTOopH HelipaMiHigasu.
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SUPPLEMENT 1

THE METHODS OF BIOLOGY

Observing and Hypothesizing
Even though biologists and other scientists study many different
types of things, they all use the same basic steps. The common steps
they use to do research and answer questions are called scientific
methods. Scientists often figure out questions to ask and answer just
by observing the world around them.

What is a hypothesis?

Forming a hypothesis is a research method scientists use.

A hypothesis is an explanation for a question or problem that can be
tested. For example, imagine that the number of birds in an area decreased
after snakes came into the area. A scientist might make the hypothesis
that the snakes were the reason the number of birds decreased.

A scientist who forms a hypothesis must be certain that it can be
tested. Before testing a hypothesis, scientists make observations and
do research. The results of the experiment will help the scientist
answer whether or not the hypothesis is supported.

Experimenting
To a scientist, an experiment is a test of a hypothesis by
collecting information under controlled conditions.

What is a controlled experiment?
t— —— ’
U —

L

Controlled experiments involve two groups: the control group and
the experimental or test group. The control is the part of an experiment
that represents the standard conditions.

108



In other words, the control receives no experimental treatment. The
experimental group is the test group that receives experimental
treatment. For instance, imagine an experiment to learn how fertilizer
affects plant growth. Fertilizer would be used in the experimental group
but not in the control group. All other conditions — soil, light, and water
—would be the same for both groups. In this experiment, using fertilizer
is the independent variable. The independent variable is the one
condition in an experiment that is tested. How much the plants grow is
the dependent variable. The dependent variable is the condition that
changes because of a change in the independent variable. Safety is
another important factor that scientists think about when carrying out
investigations and experiments. It is important to know about dangers
that may exist from doing an experiment before you begin it. Anyone
doing an experiment has a responsibility to follow safety procedures.
They must keep themselves and others out of danger.

How are theories formed?

The information gathered from experiments is called data. A
scientist carefully reviews or analyzes experimental results to decide
if the data support the hypothesis. Scientists repeat their experiments
in order to gather more data. Data are considered reliable only when
repeating the experiment several times produces similar results.
Scientists also compare the results of their experiments with the results
of other studies. They research published information in scientific
journals and computer databases. It is important to have details of an
experiment presented in scientific journals and databases so that
scientists can compare their results with those of similar studies. It lets
other scientists test the results by repeating the experiment. If many
scientists get the same results, it helps support the hypothesis. A
hypothesis that is supported by many different investigations and
observations becomes a theory.
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SUPPLEMENT 2

DNA: THE MOLECULE OF HEREDITY

What is DNA?

Living things contain proteins. Your skin, muscles, and bones
contain protein. All the actions you perform such as eating, running,
and thinking depend on proteins called enzymes. How is this related
to DNA? Within DNA is the information for life. DNA contains the
instructions to make all the different proteins an organism needs.

How can DNA hold all that information?

DNA can contain amazing amounts of information because of its
structure. It is a very long molecule made up of repeating units called
nucleotides. Each nucleotide is made up of a simple sugar, a phosphate
group, and a nitrogenous base. A nitrogenous base is a carbon ring
structure that contains one or more atoms of nitrogen. In DNA, there
are four of these bases: adenine (A), guanine (G), cytosine (C), and
thymine (T). Because each nucleotide contains just one of these
nitrogenous bases, there are only four different nucleotides in DNA.
Nucleotides join together to form long chains, or strands. The
phosphate groups and the sugar form the backbone of the strand and
the nitrogenous bases stick out like the teeth of a zipper.

What does the DNA molecule look like?

In 1953, James Watson and Francis Crick published a paper
correctly describing the shape of a DNA molecule for the first time.
They said that DNA is made of two strands of nucleotides held
together by the nitrogenous bases, the parts that stick out like zipper
teeth. Adenine on one strand always joins with thymine on the other
strand. Likewise, guanine always joins with cytosine. They also noted
that DNA was shaped like a long zipper that is twisted into a coil like
a spring. Something twisted into a coil is called a helix. DNA is made
of two strands that are twisted into a coil, so it is called a double helix.
The figure at the right shows an example of a double helix.
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Base pairs [ —

Adenine Thymine

— ]

Guaning Cylosine

Sugar phosphate
backbone

How can DNA do so much with so little?

If every organism is made up of the same four nucleotides, how can
organisms be so different from one another? The key to variety in
organisms is the sequence, or order, of the four nucleotides. For example,
anucleotide sequence of A-T-T-G-A-C carries different information than
the sequence T-C-C-A-A-A. It is the sequence of nucleotides that forms
the unique genetic information for every organism. In a similar way,
words that have the same letters but in different order have different
meanings. TEA is not the same as EAT or ATE.

Replication of DNA

For most organisms to reproduce, a sperm cell and an egg cell,
both produced through meiosis, must unite to form a fertilized egg.
From one fertilized egg, an organism with millions of cells is
produced through mitosis. Each cell in that organism has a copy of
the DNA that was in the original fertilized egg. As you may recall,
before a cell can divide, it must first make a copy of its
chromosomes. The DNA in the chromosomes is copied in a process
called DNA replication. If the DNA did not make a copy of itself,
new cells would have only half the amount of DNA of their parents
and could not grow and reproduce successfully.
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DNA REPLICATION

shutterstock.com « 518748811
Species could not survive. All organisms replicate DNA.

How does DNA replicate?
o Single-strand binding o The leading strand is
proteins stabllize the synthesized continuously
unwound parental DNA. in the 5'— 3’ direction by 3
DNA polymerase. ;

o Helicases unwind the
parental double helix.

o The lagging strand is

P;'Imm synthesizes a ll’lot{
RNA primer, which is

by DNA poly
to form an Okazaki fragment.

© Atter the RNA primer is
P by DNA (by
DNA polymerase, not shown),
DNA ligase joins the Okazaki
fragment to the growing
strand.

DNA ligase

“Overall direction of replication
bdol.glencae.com
Remember that a DNA molecule is made of two strands of
nucleotides joined together like a zipper at the nitrogenous bases. As
you know, adenine on one strand always pairs with thymine on the
other strand. In the same way, guanine on one strand.
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SUPPLEMENT 3

FROM DNA TO PROTEIN

Genes and Proteins
DNA contains information used to make proteins. Proteins have
many uses. Some proteins become structures and some control cell
functions. Since DNA has the information for making proteins, DNA
controls cells. Remember that all this information is based on the
sequence of nucleotides in the DNA molecule.

RNA
RNA
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What is the role of RNA in a cell? Think of a car factory and an
assembly line. A car is a complicated piece of machinery. But cars are
built by following simple steps. Engineers tell workers how to make
the cars, and workers follow the directions to build the cars on the
assembly line. Suppliers bring parts to the assembly line so they can
be used to build the cars. This is similar to the role of DNA and RNA
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in a cell. DNA gives the instructions to make proteins. Workers build
proteins. Other workers bring the parts, in this case, amino acids, to
the assembly line. In our example, the workers are the RNA. Just as in
a typical factory, workers have specific tasks. So does RNA. There are
three different kinds of RNA. One type is messenger RNA (mRNA).
It brings instructions from DNA to the cytoplasm. A second type of
RNA is called the ribosome, or ribosomal RNA (rRNA). It binds to
the mRNA and uses the instructions to assemble the amino acids in
the right order. The third type of RNA is transfer RNA (tRNA). It
delivers amino acids to the ribosome to be made into a protein.

What does RNA look like?

RNA, like DNA, is a nucleic acid. But the structure of RNA is quite
different. RNA is a single strand. It looks like one half of a zipper.
DNA is a double strand. The sugar in RNA is different than the sugar
in DNA. Finally, both RNA and DNA have four nitrogenous bases,
but instead of thymine, RNA has uracil. Remember that in DNA,
guanine binds with cytosine, and thymine binds with adenine. In RNA
uracil (U) binds with adenine. The structure of RNA helps it do all the
work of building proteins.

Transcription

In order to get the information to the cytoplasm, first messenger RNA
has to be made. In this process, called transcription, RNA is made from
part of a DNA strand. Use the illustration on the next page to help you
understand the process after you read the following description.
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First, a portion of the DNA molecule unzips. Free RNA nucleotides
pair with the nucleotides on the DNA strand. The mRNA strand is
complete when the RNA nucleotides form a strand by bonding
together. The mRNA strand breaks away and the DNA strands rejoin.
The mRNA strand leaves the nucleus and enters the cytoplasm. You
can see that transcription is similar to replication with one important
difference — a single strand RNA molecule is created rather than a
double strand DNA molecule. You can also see from the illustration
that mRNA pairs guanine with cytosine, but pairs uracil with adenine.

RNA Processing
Not all of a DNA strand carries information to make proteins.
There are long sequences of noncoding nucleotides on DNA strands.
Enzymes cut out any noncoding sequences that may have been
transcribed. In this way, the mRNA carries only information it needs
to make protein.

The Genetic Code

The Genetic Code
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The nucleotide sequence transcribed from DNA to a strand of
messenger RNA is a genetic message that has all the information
needed to build a protein. The message is in a special language that
uses nitrogenous bases as the alphabet. Remember that proteins are
made up of amino acid chains. There are 20 different amino acids.
These amino acids are made from only four nitrogenous bases.
Scientists wondered how four nitrogenous bases could make a code
for 20 amino acids. Scientists were able to crack the genetic code when
they discovered that it takes a group of three nitrogenous bases in
mRNA to code for one amino acid. Each group of three nitrogenous
bases is known as a codon. For example, the codon for the amino acid
alanine is G-C-U. The codon for lysine is A-A-A. Every amino acid
has a three-letter codon, each letter representing one of the four
nitrogenous bases. That is how four nitrogenous bases can code for 20
amino acids. There is even a codon that tells the mRNA that this is the
start of the amino acid chain and another codon that says this is the
end. To simplify, those codons are called start and stop.

Translation: From mRNA to Protein
Remember the factory example? Messenger RNA is the worker
that brings the instructions for making protein to the cytoplasm. It
takes two more kinds of RNA to actually make the protein. The
process of changing the information in mRNA into an amino acid
chain in protein is called translation. Here is how it works.

Translation: mRNA - Protein

* The “words” of the DNA “language” — 3 bases called codons
* Sequence of amino acid chain = _Protein

Growing protein
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At the ribosome, the RNA’s message
is translated into a specific protein.
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1. The mRNA moves to the cytoplasm. 2. A ribosome (rRNA)
attaches itself to the start codon, A-U-G, on the mRNA. 3. Transfer
RNA (tRNA) molecules, carrying amino acids, approach the ribosome.
The nitrogenous base sequence that is the complement to the mRNA
sequence is the anticodon. If the mRNA codon is G-C-C, the tRNA
anticodon is C-G-G. For every codon on mRNA there is an anticodon
on tRNA. 4. The ribosome attaches the anticodon to the codon and the
amino acids bond. The ribosome then slides to the next codon. 5. Again
the ribosome attaches the anticodon to the codon, amino acids bond, and
the ribosome slides over. 6. This translation process continues until the
stop codon is reached. At this point, the amino acids have formed a
chain; and when the stop codon is reached, the chain is released. As
soon as the amino acid bonds to the amino acid next to it, the tRNA that
brought it moves away to bring another amino acid.

C
What is the central dogma?

If you were to summarize the process of replication, transcription,
translation, and protein formation you might say simply that the
pathway of information flows from DNA to mRNA to protein. This
process is called the central dogma of biology. This means that the
same process occurs in every living thing, from the simplest bacteria
to the most complex animal.
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SUPPLEMENT 4

RECOMBINANT DNA TECHNOLOGY

Genetic Engineering

There is a faster and more reliable way to increase the frequency
of a desired allele in a population. It is called genetic engineering. In
genetic engineering, very small pieces or fragments of DNA are cut
from one organism and placed inside another organism. When DNA
is made by connecting, or recombining, fragments of DNA from
different sources, it is called recombinant DNA. An organism uses
the recombinant DNA as if it were its own. The DNA of two different
species can even be combined. For example, inserting a specific part
of the DNA of a firefly into the DNA of a plant will cause the plant to
glow. When an organism contains recombinant DNA from a different
species, it is called a transgenic organism. The growing plant is an
example of a transgenic organism.

What is the process for producing a transgenic organism?

Producing a transgenic organism is a three-step process. The first
step is to cut the DNA fragment out of one organism. The second step
is to connect the DNA fragment to a carrier. The third step is to insert
the DNA fragment and its carrier into a new organism. Let's take a
closer look at each step.

How is a DNA fragment cut from an organism?

Scientists have discovered that there are proteins called restriction
enzymes that cut DNA. They are bacterial proteins that can cut both
strands of the DNA molecule at a specific nucleotide sequence. There
are hundreds of different restriction enzymes.

Each one cuts DNA in a different place. In our example, Step 1 is
picking a restriction enzyme that cuts the firefly DNA strand at the
sequence that codes for making the enzyme that lights up the firefly.
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Organisms do not easily accept loose fragments of DNA from other
organisms. For this reason, the DNA fragment needs a carrier to take
it into the host cell. This is Step 2. In our example, the firefly DNA
gets inserted into the carrier or vector DNA. A vector is the means by
which DNA from another species can be carried into a host cell.
Biological vectors include viruses and plasmids. A plasmid is a small
ring of DNA found in a bacterial cell. The genes of a plasmid are
different from those on the bacterial chromosome. In our example, the
firefly DNA strand was inserted into a plasmid in a bacterial cell in
Step 2. Now, in Step 3, the plasmid vector is inserted into a plant.

What are clones?

With the firefly DNA now a part of it, the plasmid reproduces
within the bacterial cell, making up to 500 copies of itself. Every time
the host cell divides, it copies the recombinant DNA as it copies its
own DNA. Such genetically identical copies are called clones. Each
identical recombinant DNA molecule is called a gene clone. Because
the bacterial host cells in the plant will continue to copy the
recombinant DNA, the plant will always have the firefly's DNA — and
its light — within it.
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In some experiments, scientists insert particular types of
recombinant DNA into host cells. This DNA has code within it to
make a certain type of protein.

Scientists then study what this protein does in cells that do not
ordinarily produce it. At other times, scientists produce mutant forms of
a protein. They then study how the mutation affects the function of the
protein within a cell. Technology has made gene cloning fairly simple.
Scientists have built upon gene cloning to clone an entire animal. The
most famous cloned animal was Dolly the sheep, cloned in 1997. The
cloning process is not efficient, but scientists hope someday to use it so
that ranchers and farmers can clone the most productive, healthy
animals to increase and improve the food supply. Scientists developed
a method of replicating DNA outside of living organisms, called
polymerase chain reaction (PCR). This method uses heat to separate
DNA strands from each other. An enzyme from a heat-loving bacterium
is used to replicate the DNA when the correct nucleotides are added to
a PCR machine. The PCR machine can make millions of copies of DNA
in a day. Scientists analyze bacterial, plant, animal, and human DNA.
Scientists use this type of DNA analysis in crime investigations and in
the diagnosis of disease. Scientists also use PCR to provide pure DNA
that is used to determine the correct sequence of DNA bases. This
information helps scientists identify mutations.

Applications of DNA Technology

How can humans benefit from DNA technology? Three main areas
seem to offer the greatest promise: industry, medicine, and agriculture.
For example, scientists have changed the E. coli bacteria to produce
the expensive blue dye used to color denim blue jeans. Scientists are
also trying to develop corn that contains as much protein as beef. In
medicine, recombinant DNA is used to produce insulin and the human
growth hormone. The human gene responsible for clotting blood has
been inserted into sheep chromosomes. The sheep produce the clotting
protein, which is then used for patients with hemophilia, a disease in
which blood cannot clot quickly. Researchers are discovering ways to
increase the amount of vitamins in certain crops. That will help
provide better nutrition. Some plants have already been developed that
produce toxins to make them resistant to insects. That will limit the
use of dangerous pesticides.
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SUPPLEMENT 5

THE HUMAN GENOME

Mapping and Sequencing the Human Genome
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The Human Genome Project is an international effort to completely
map and sequence the human genome. The human genome is the
approximately 35,000 to 40,000 genes on the 46 human chromosomes.
Sequencing means putting each of these genes in the right order. The
project began in 1990. Today, thousands of genes have been mapped
to particular chromosomes.

Half of the genome has been sequenced. But scientists still do not
know the exact location of all the genes on the chromosomes. The
genetic map that shows the relative locations of genes on a
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chromosome is called a linkage map. Imagine a map of your state that
shows cities as being north, south, east, or west of each other, but does
not show the exact location of each city. That is how a linkage map
works. It shows relative location, not exact location. Originally, the
information used to assign genes to particular chromosomes came
from linkage data of human pedigrees. Remember that in meiosis,
genes sometimes cross over onto different chromosomes. Scientists
know that genes that are farther apart cross over more often than genes
that are close together. That information helps scientists create a
linkage map. But mapping by linkage data is not efficient because
scientists had to wait for individual humans to reproduce and mature
in order to identify which genes were passed on.

Now, a faster more efficient way to map genes is available. Using
polymerase chain reaction (PCR), millions of copies of DNA
fragments are cloned in a day. Since scientists know the location of
some genes and some segments of DNA, they are used as genetic
markers. Because DNA segments that are near each other on a
chromosome are often inherited together, markers are used to track the
inheritance pattern of a gene that has not yet been identified. Genes
are sequenced by cutting DNA into fragments using restriction
enzymes. The fragments are cloned, then put in the right order. The
order is determined by overlapping matching sequences. Machines
can perform this work, increasing the speed of map development.

Applications of the Human Genome Project

How will these chromosome maps be used? Doctors will be able
to diagnose genetic disorders even in unborn babies. Gene therapies
might be developed to correct genetic disorders. Law enforcement
workers will be able to link suspects to evidence left at crime scenes.

Diagnosing genetic disorders has been an important benefit of the
Human Genome Project. A diagnosis can be made before birth.
Doctors take cells from the fluid surrounding the fetus and analyze the
DNA. They can determine if the fetus will develop a genetic disorder.
Now, thanks to DNA technology, doctors can use gene therapy to help
individuals with genetic disorders. Gene therapy is the insertion of
normal genes into human cells to correct genetic disorders. Doctors
are conducting experiments involving gene therapy for cystic fibrosis,
sickle-cell anemia, and hemophilia. Research is also going on to use
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gene therapy on cancer, heart disease, and AIDS. It is hoped that gene
therapies will be developed to treat many different disorders. DNA
technology is also helping law-enforcement workers solve crimes
using DNA fingerprinting. All it takes is a small sample of hair, skin,
blood, or other body tissue found at a crime scene. This sample's DNA
is then compared with a DNA sample from a suspect. If the DNA
samples match, the suspect most likely is guilty. DNA fingerprinting
works because no two individuals (except identical twins) have the
same DNA sequences, and because all cells of an individual (except
gametes) have the same DNA. Geneticists are using polymerase chain
reaction (PCR) to clone DNA from mummies to better understand
ancient life. The DNA from fossils has been studied to compare extinct
species with living species, or even two extinct species with each
other. The uses of DNA technology are unlimited.
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SUPPLEMENT 6

WHAT IS A VIRUS?

Viruses are particles that are not alive. They cause diseases and
infections. Viruses are made up of nucleic acids, either DNA or RNA,
surrounded by a protein coat. They are smaller than the tiniest
bacterium. Most biologists agree that viruses are not alive because they
don't grow, develop, or carry out respiration. All viruses replicate, or
make copies of themselves. However, viruses need the help of living
cells to copy themselves. In order to copy itself, a virus must enter a
living cell. The cell in which a virus replicates is called the host cell.

What is the structure of a virus?

Envelope protein

Envelope

Viral genome

Nucleocapsid

Viral tegument

courtesy www.andrew.cmu.edu

Viruses differ in size and shape. Some viruses contain as few as
four genes. Other viruses have hundreds of genes. Every virus has an
inner core of nucleic acid. This core contains the virus's genetic
material. Some viruses contain RNA, some contain DNA. The nucleic
acid contains the instructions for making copies of the virus.
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The outer protein coat surrounding the virus is called a capsid. The
arrangement of proteins in the capsid gives the virus its shape. The
protein arrangement also determines what cell can be infected and how
the virus infects the cell. Some large viruses contain another layer
called an envelope.

How does a virus attach to a host cell?

Before a virus can replicate, it has to enter a host cell. In order to
do this, it must first attach itself to the host cell. Every virus has a
specially shaped device called an attachment protein. Because of the
specific shape, each virus can only attach to a few kinds of cells. The
attachment process is like two pieces of a jigsaw puzzle fitting
together. A virus that infects a bacterium is called a bacteriophage,
or phage for short. A protein located in the tail fibers of the
bacteriophage recognizes and attaches to its bacterial host cell.

Do viruses infect more than one species?

Many viruses are species specific. They infect only certain species.
For example, smallpox infects only humans. Other viruses are not
species specific. The virus that causes the flu infects both humans and
animals. Viruses that are not species specific are more difficult for
scientists to eliminate.

Viral Replication Cycles

Once a virus attaches itself to the host cell, the virus enters the cell
and takes over its metabolism. Only then can the virus replicate itself.
There are two ways that viruses get into the cells. First, the virus can
inject its nucleic acid into the host cell. When this takes place, the
capsid of the virus stays attached to the outside of the host cell. An
enveloped virus enters a host cell in another way.

After attachment, the plasma membrane of the host cell surrounds
the virus. This produces a virus-filled vacuole inside the host cell's
cytoplasm. Recall that a vacuole is a membrane-bound compartment
used for temporary storage of materials within a cell. Once the vacuole
is in the cytoplasm, the virus bursts out of the vacuole and releases its
nucleic acid into the cell.

What is a lytic cycle?

Once the virus is inside the host cell, the virus's genes are
expressed. The substances that are produced take over the host cell's
genetic material.
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When viruses take over the cell, the cell stops producing the
materials it needs to live. It uses its own enzymes and energy to make
new viruses. The new viruses then burst from the host cell and the host
cell dies. The new viruses can then infect and kill other host cells. This
process is called a lytic cycle. A lytic cycle is illustrated at left.

What happens during a lysogenic cycle?

Not all viruses kill the cells they infect. Some viruses go through a
lysogenic cycle. A lysogenic cycle is a replication cycle in which the
virus's nucleic acid is integrated into the chromosome of the host cell.
The cycle begins in the same way as a lytic cycle. The virus attaches
to the host cell and its nucleic acid enters the cell. Instead of taking
over the genetic material of the host, the viral DNA is included in the
host cell's chromosome. Once that happens, the viral DNA is called a
provirus. The cell continues to carry out its own metabolic activity,
but every time the host cell reproduces, the provirus is replicated as
well. This means that every cell that comes from an infected host cell
has a copy of the provirus.

The lysogenic cycle can last for many years. At any time, though,
the provirus can be activated and enter a lytic cycle. When that
happens, the virus will replicate and kill the host cell.

What are some of the diseases caused by proviruses?

Have you ever had a cold sore? Cold sores are caused by the herpes
simplex I virus. Reoccurring cold sores are an example of the
lysogenic process. Even though a cold sore heals, the virus remains in
your cells as a provirus. When the provirus enters a lytic cycle, another
cold sore erupts. No one knows for sure what causes a provirus to be
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activated. Some scientists think that physical stress, such as a sunburn,
and emotional stress, such as anxiety, play a role.

Many viruses have lysogenic cycles. For example, the viruses that
cause hepatitis B and chicken pox are lysogenic viruses.

How are viruses released?

Viruses can be released in two ways. Lysis, the bursting of a cell,
is one way viruses can be released. Exocytosis, the active transport
process by which materials are expelled from a cell, is the second way.
Both ways release new viruses from the host cell.

What is a retrovirus?

Structure of a retrovirus
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Many viruses are RNA viruses, meaning that RNA is their only
nucleic acid. The human immunodeficiency virus (HIV) that causes
AIDS is an example of an RNA virus. The RNA virus with the most
complex replication cycle is the retrovirus (reh tro VY rus).
Retroviruses have an enzyme that changes their RNA into DNA.

How does that happen? Once inside a host cell, the retrovirus
makes DNA from its RNA. To do this, it uses reverse transcriptase,
an enzyme it carries inside its capsid. This enzyme helps produce
DNA from viral RNA. The viral DNA is integrated into the host cell's
chromosome and becomes a provirus. If reverse transcriptase is found
in a person, it is evidence for infection by a retrovirus.

What is HIV?

Once it gets into a human host, HIV infects white blood cells.
Because the viral genetic material is a provirus, new viruses are
produced slowly.
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An HIV-infected person might experience no AIDS symptoms for
a long time. Most people with an HIV infection eventually get AIDS
because more and more white blood cells are infected and produce
new viruses over time. Infected host cells function until the proviruses
enter a lytic cycle and kill their host cells. White blood cells are part
of the body's disease-fighting system. When they are lost, a body
cannot protect itself from organisms that cause disease. This is a
symptom of AIDS.

Basic things about AIDS and HIV

In 1985, scientists discovered the human immunodeficiency virus
(HIV). HIV is a virus that is transmitted from person to person through
the exchange of body fluids such as blood, semen, breast milk and vaginal
secretions. Sexual contact is the most common way to spread HIV, but it
can also be transmitted by sharing needles when injecting drugs, or during
childbirth and breastfeeding. As HIV reproduces, it damages the body's
immune system and the body becomes susceptible to illness and
infection. There is no known cure for HIV infection nowadays.

Acquired immune deficiency syndrome, or AIDS, is a condition that
describes an advanced state of HIV infection. With AIDS, the virus has
progressed, causing significant loss of white blood cells or any of the
cancers or infections that result from immune system damage.

Once inside the body the virus attacks specialized immune system
cells known as CD4 cells. The virus attaches to these cells and infects
them by injecting HIV nucleic acids (DNA and RNA) into the cell.
New HIV virus then infects other CD4 cells as the cycle repeats itself.

Is HIV and AIDS the same thing?

HIV is the virus which damages the body's immune system. While
AIDS defining infections means a person is diagnosed with AIDS. A
person can be infected for years without having AIDS. Having HIV
infection does not mean you have AIDS. Simply put, HIV and AIDS
are not the same thing, but they are related to one another.

Before HIV infection became widespread in the human population,
AIDS defining infections were rare, and almost exclusively in
individuals with immune suppression, such as chemotherapy and
certain types of cancers. AIDS was first recognized in the early 1980s
in healthy homosexual men. Adding to the oddity, these men had no
recognized cause for immune suppression. An infectious cause of
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AIDS was suggested by geographic clustering of cases, links among
cases by sexual contact, mother-to-infant transmission, and
transmission by blood transfusion.

Later, isolation of HIV from patients with AIDS strongly suggested
that this virus was the cause of AIDS.

Medications can successfully treat many of the symptoms of early
symptomatic HIV infection. Antiretroviral therapy slows the growth
of the HIV virus in the body. It works very well in reducing the number
of HIV particles in the bloodstream. Although people have suppressed
levels of HIV, they can still spread the virus to others through sex or
sharing needles. Antiretroviral therapy is not a cure for HIV, but the
treatment slows disease progression and may strengthen the immune
system. People should never forget that HIV/AIDS is more than a
physical ailment; it affects the whole person, emotional and physical.
Often our treatments focus on the physical only but the emotional
needs addressed as well.

Cancer and Viruses

Some viruses have been linked to cancer in humans and animals.

The viruses disrupt the normal growth and division of cells in a
host. This causes abnormal growth and can create tumors. Examples
of viruses that have been linked to cancer include the hepatitis B virus,
which has been shown to play a role in causing liver cancer.

What are prions and viroids?

¢ Viruses, Viroids & Prions
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Researchers have recently found particles that behave somewhat
like viruses and cause infectious diseases. Prions are made up of
proteins but have no genetic material. They are thought to cause other
proteins to malfunction. Prions are responsible for many animal
diseases, such as mad cow disease and its human equivalent. Viroids
are a single circular strand of RNA with no protein coat. They have
been found to cause infectious diseases in several plants.

What is a plant virus?

More than 400 viruses infect a variety of plants. These viruses cause
diseases that stunt growth and reduce production in their host plants. Plant
viruses enter and infect a host plant through wounds or insect bites.
However, not all viral plant diseases are harmful or fatal. Some mosaic
viruses cause beautiful patterns of color in the flowers of plants.

Origin of Viruses

Because they are relatively simple in structure, you might think that
viruses represent an early form of life. This is probably not true. Since
viruses need host cells to replicate, scientists suggest that viruses
might have originated from their host cells. Some scientists suggest
that viruses may be nucleic acids that break free from their host cells
while still being able to replicate parasitically within the host cells.
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SUPPLEMENT 7

5 COOL THINHS YOUR IIMUNE SYSTEM CAN DO

Like many things in life that we take for granted, we tend to notice our
immunity most when something slips through the gaps. A challenge to
our human immune system is visible on a grand scale right now, as the
novel coronavirus is wreaking havoc around the world, but these
breakdowns also happen on the smaller scale every day, when cancer
takes hold, when an autoimmune disease flares up over and over.

You might think about your immune system as a first line of defense
— a commonly used, if imperfect, metaphor. If you extend that analogy,
in peacetime, the immune system is armed and waiting for something to
fight. But that concept fails to capture so much of what your immune
system does, day in and day out, to keep you healthy and alive.

The immune system is "how humans function and don't self-
destruct, basically," said Greg Szeto, Ph.D., an immunologist and
investigator at the Allen Institute for Immunology, a division of the
Allen Institute. "It touches every single organ system, and as a
function of that, it also touches every type of disease."

We asked Szeto and other Allen Institute immunologists to share
some of the coolest feats the immune system pulls off, when it's
working at top condition.

By no means a complete list, your immune system can...

Keep a lifelong record of nearly everything
you've ever encountered

Greg Szeto, Ph.D., an immunologist and investigator at the Allen
Institute for Immunology in front of the lab.

Your immune system is kind of your shadow self, Szeto said. Like
us, it has a memory. Your immune cells, once trained to recognize a
virus, bacteria or other pathogen through infection or vaccination,
rarely forget.

Memory B cells, the type of immune cell that remembers an old
infection and can quickly churn out antibodies if that same virus or
bacteria enters the body again, can live for decades in the body. These
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long-lived immune cells, and related cells known as memory T cells,
are the reason the measles vaccine you got as a young child still
protects you today — and that's also what researchers are searching for
as people are recording from COVID-19 or in the large-scale trials for
a SARS-CoV-2 vaccine. Now add to that every other vaccine and
many of the colds, flus and other infections you've had over your life.
The end result: a continuously updated microscopic most-wanted list
of your body's past invaders.

But your immune system recognizes more than just infections.
Among a myriad of ways immune cells sense danger, the outer shells
of B cells and T cells are studded with proteins known as receptors.
These molecular feelers allow the cells to sense and respond to their
environs, like microscopic sea anemones. The receptors react to our
infected cells and to tiny pieces of viruses and bacteria, but they also
detect environmental toxins, compounds from your diet, the healthy
bacteria in your gut, cellular DNA damage from sunlight.

"Over a lifetime, the immune system holds a cumulative diary of
exposure," Szeto said. "Every person's immune system is a unique
fingerprint of their own personal exposure history."

Learn the difference between your own cells and everything else

Autoimmune diseases like rheumatoid arthritis or type 1 diabetes
happen when the immune system goes rogue, attacking and killing our
own cells instead of protecting them. Although these diseases can be
devastating, the fact that they don't happen more often is pretty
amazing, said Troy Torgerson, M.D., Ph.D., Director of Experimental
Immunology at the Allen Institute for Immunology.

"Our immune system is designed to respond to an almost infinite
list of harmful invaders," Torgerson said. "That should be an
impossible task, because if the immune system can respond to
absolutely anything, how do we make sure it doesn't respond to us?"

This seemingly impossible job, distinguishing self from non-self,
happens with multiple layers of regulation. As new B cells and T cells are
born, they are quickly screened — and cells that detect and react to your
own proteins are destroyed. Immune cells known as regulatory T cells
then act as the body's peacekeepers to surveil all the rest of the immune
system, continually checking for cells gone rogue. Your immune system
even learns the difference between helpful and harmful bacteria, allowing
the harmless bacteria in your gut and on your skin to thrive.
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Hack evolution

Your immune system contends with a paradox: Humans have to
defend ourselves against pathogens that evolve much more rapidly
than we do. Evolution on the human scale takes thousands of years, if
not more, while the flu virus, for example, can mutate quickly enough
to evade a year-old vaccine. Viruses and bacteria both mutate and
reproduce far faster than we do, which should give them an
insurmountable lead in any evolutionary arms race.

So how do we keep up? One answer is that B cell and T cell
receptors, the cells' molecular feelers, are among the most diverse and
most quickly evolving genes in the human genome. The receptors,
which are different across almost every T and B cell, are constructed
piecemeal, built from Lego-like pieces to create a protein that's unique
among neighboring cells' receptors.

But there's an even weirder trick your immune cells use to hack
evolution. B cells and T cells have special machinery to either add extra
random bits of DNA to receptor genes, or, in the case of antibody-
generating B cells, to ramp up mutation rates only in the genes that code
for B-cell receptors and antibodies. In essence, this machinery speeds up
evolution — but only in these certain cells in our body.

Anywhere else, in any other cell, this would be heresy. You don't
want random mutations in your genes," said Adam Savage, Ph.D., an
immunologist with the Allen Institute for Immunology. "The reason
we can keep up with a highly mutating pathogen is because there's this
huge array of potential receptors for anything. It's sort of anticipating
the unknown."

Allow one specific foreign body to survive without attack

Torgerson posed another immune-system conundrum: "Say your
significant other donated you a kidney, and doctors transplanted it into
your body without checking to see if you were a match or without
giving you immunosuppressive drugs — your immune system would
attack that kidney like crazy and eventually kill it," he said. "But if you
get pregnant, half of those same genes from your significant other are
in your body, growing not only a pair of kidneys, but a whole being
that in most cases doesn't get rejected.”

Researchers still don't fully understand how a pregnant person's
immune system allows the growth of one foreign body, the fetus, while
still working to protect them both from pathogens. The body makes a
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partial barrier by way of the placenta, but scientists know that barrier is
incomplete: Maternal and fetal cells can sometimes mix across the
placenta, persisting after birth in both parent and child in a phenomenon
known as microchimerism. And mysteriously, certain autoimmune
diseases get worse during pregnancy, while some, like multiple sclerosis
and rheumatoid arthritis, may temporarily go into remission.

Form the basis for better cancer treatments

You might be surprised to learn that immune cells are actually
extremely good at detecting and eliminating cancer. Mice genetically
engineered to lack key parts of the immune system develop more
tumors than immunologically healthy mice, studies have found. The
same thing can happen in humans; for example, patients whose
immune systems are suppressed by HIV are more prone to certain
cancers than the rest of the population. But cancers — or the ones that
survive the immune system's watchful eye — develop many tricks to
suppress and evade the immune system.

"The number of ways in which cancers are able to outwit or
repurpose the immune system against itself is profound," Szeto said.
"It's layers upon layers; it's just mind-boggling."

As researchers uncover these layers of deception, they are
sometimes able to design new therapies to combat them. Cancer
immunotherapy, which uses a patient's own immune system as the
basis for treatment, is showing promise for a number of different
cancers. These therapies, which range from tumor-recognizing
antibodies to souped-up engineered T cells, peel back one or more of
those cloaking layers to let the immune system do its job.

In part because tumors have multiple ways of evading immune
attack, immunotherapies don't work for all patients — they don't even
work for all patients with the same type of cancer, and researchers
don't fully understand why. But when they do work, in many cases
they can eradicate the cancer cells more thoroughly and completely
than older treatments like chemotherapy and radiation. One of the
Allen Institute for Immunology's goals is to understand what's
different about the immune response when certain immunotherapies
work and when they don't, with the hope of broadening these new
treatments' reach to many more patients.
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SUPPLEMENT 8

HEALTH VERSUS DISEASE (PART 1)

Before human disease can be discussed, the meanings of the terms
of health, physical fitness, illness, and disease must be considered.
Health could be defined theoretically in terms of certain measured
values; for example, a person having normal body temperature, pulse
and breathing rates, blood pressure, height, weight, acuity of vision,
sensitivity of hearing, and other normal measurable characteristics
might be termed healthy. But what does normal mean, and how is it
established? It is well known that if the temperatures are taken of a
large number of active, presumably healthy, individuals the
temperatures will all come close to 98.6° F (37° C).

Health might be defined better as the ability to function effectively
in complete harmony with one's environment. Implied in such a
definition is the capability of meeting — physically, emotionally, and
mentally — the ordinary stresses of life. In this definition, health is
interpreted in terms of the individual's environment. Health to the
construction worker would have a dimension different from health to
the bookkeeper. The healthy construction worker expects to be able to
do manual labour all day, while the bookkeeper, although perfectly
capable of performing sedentary work, would be totally incapable of
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such heavy labour and indeed might collapse from the physical strain;
yet both individuals might be termed completely healthy in terms of
their own way of life.

Health involves more than physical fitness, since it also implies
mental and emotional well-being. Should the angry, frustrated,
emotionally unstable person in excellent physical condition be called
healthy? Certainly, this individual could not be characterized as
effectively functioning in complete harmony with the environment.
Indeed, such an individual is incapable of good judgment and rational
response. Health, then, is not merely the absence of illness or disease
but involves the ability to function in harmony with one's environment
and to meet the usual and sometimes unusual demands of daily life.

136



SUPPLEMENT 9

HEALTH VERSUS DISEASE (PART 2)

The definitions of illness and disease are equally difficult problems.
Despite the fact that these terms are often used interchangeably, illness
is not to be equated with disease. A person may have a disease for many
years without even being aware of its presence. Although diseased, this
person is not ill. Similarly, a person with diabetes who has received
adequate insulin treatment is not ill. An individual who has cancer is
often totally unaware of having the disorder and is not ill until after
many years of growth of the tumour, during which time it has caused no
symptoms. The term illness implies discomfort or inability to function
optimally. Hence it is a subjective state of lack of well-being produced
by disease. Regrettably, many diseases escape detection and possible
cure because they remain symptomless for long years before they
produce discomfort or impair function.

Disease, which can be defined at the simplest level as any deviation
from normal form and function, may either be associated with illness
or be latent. In the latter circumstance, the disease will either become
apparent at some later time or will render the individual more
susceptible to illness. The person who fractures an ankle has an injury
— a disease — producing immediate illness. Both form and function
have been impaired. The illness occurred at the instant of the
development of the injury or disease. The child who is infected with
measles, on the other hand, does not become ill until approximately
10 days after exposure (the incubation period). During this incubation
period the child is not ill but has a viral infectious disease that is
incubating and will soon produce discomfort and illness. Some
diseases render a person more susceptible to illness only when the
person is under stress. Some diseases may consist of only extremely
subtle defects in cells that render the cells more susceptible to injury
in certain situations. The blood disease known as sickle cell anemia,
for example, results from a hereditary abnormality in the production
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of the red oxygen-carrying pigment (hemoglobin) of the red cells of
the blood. The child of a mother and father who both have sickle cell
anemia will probably inherit an overt form of sickle cell anemia and
will have the same disease as the parents. If only one parent has sickle
cell anemia, however, the child may inherit only a tendency to sickle
cell anemia. This tendency is referred to by physicians as the sickle
cell trait. Individuals having such a trait are not anemic but have a
greater likelihood of developing such a disease. When they climb a
mountain and are exposed to lower levels of oxygen in the air, red
blood cells are destroyed and anemia develops. This can serve as an
example of a disease or a disease trait that renders the affected person
more susceptible to illness.

Disease, defined as any deviation from normal form and function,
may be trivial if the deviation is minimal. A minor skin infection might
be considered trivial, for example. On the eyelid, however, such an
infection could produce considerable discomfort or illness. Any
departure from the state of health, then, is a disease, whether health be
measured in the theoretical terms of normal measured values or in the
more pragmatic terms of ability to function effectively in harmony
with one's environment.

The most widely used classifications of disease are (1) topographic,
by bodily region or system, (2) anatomic, by organ or tissue, (3)
physiological, by function or effect, (4) pathological, by the nature of
the disease process, (5) etiologic (causal), (6) juristic, by speed of
advent of death, (7) epidemiological, and (8) statistical. Any single
disease may fall within several of these classifications.

Definitions of the terms disease, illness and health are discussed
against health concepts as a means of assessing the most effective
approach toward achieving an effective universal healthcare system.

Universal health and treatment of sickness and disease have
improved globally, but the target of achieving total wellness still
remains as a goal for the future and may be impeded by diseases that
have not yet evolved. The implementation of a universal health
coverage system is a positive step toward achieving the goals of health
and wellness for the present times.
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SUPPLEMENT 10

ANTIBIOTIC RESISTANCE
IS THREATENING OUR HEALTH

Will bacterial infection send us back to the medical dark ages?

On quiet weekends at the Monash University science labs 20 years
ago, the pair discovered they were the only ones crazy — or obsessed
— enough to be working on their projects while everyone else wasat
home enjoying a few days off.

Then, when Velkov and Li realised they shared not only a work
ethic but a passion for researching bacteria, their personal and
professional friendship was sealed. "We were the only guys working
Saturday and Sunday and we kept running into each other," Velkov
remembers. "From then on it's just been fun, you know, we sit around
for hours talking and brainstorming. We have been a really good
team." Over the past 12 years, the two scientists have been developing
a new antibiotic that recently began phase 1 clinical trials in the US.

Their intravenous drug targets deadly "superbugs" that are difficult
to treat but can run rampant in hospital settings, causing pneumonia,
blood infections, urinary tract infections, peritonitis and meningitis.
This promising new drug, with the uninspiring name QPX9003, has
placed the pair on the cusp of achieving something that hasn't been
done for decades. No new antibiotics in this class — polymyxins, which
target hard-to-kill "gram-negative" bacteria — have been approved
since the 1950s. In March, their research was published in the journal
Nature. For anyone researching bacteria and antibiotics, getting a new
drug to a clinical trial is the holy grail. But it's been a lonely, gruelling
process for Velkov and Li, who have at times stumped up their own
cash to keep the research going. "It can be a thankless job," Velkov
says matter-of-factly. But why? Without new antibiotics, the world is
on track to re-enter the medical dark ages by 2050, when a simple cut
could kill 10 million people a year. So why are they so hard to find?
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A hidden crisis

For most of us, antibiotics don't feel like a big deal. At the slightest
sign of a cough or a rash many GPs will dash off a prescription for
antibiotics and we're all "popping them like Tic Tacs", Velkov says.
While our medical and pharmaceutical resources have been
(importantly) absorbed in solving the COVID-19 pandemic, the
problem of antibiotic resistance is continuing to gain pace. Each year
in Australia more than 55,000 people are diagnosed with sepsis — when
an uncontrollable bacterial infection triggers inflammation throughout
the body. If it can't be managed, sepsis can lead to organ failure. And
effective antibiotics are a key component of treatment. About 8,500
Australians die from sepsis every year. It's a huge figure, far above the
annual road toll and higher than deaths from specific cancers, and it
has a huge economic impact too: antibiotic resistance costs the
economy about $700 million a year.

Many scientists, Velkov included, argue the threat ahead from
bacteria is equally as serious as that posed by the SARS-CoV-2 virus.
So why is money to invest in antibiotic research so hard to come by?
A medical miracle Just 100 years ago, as many as one in three deaths
was caused by bacterial infections developing from injuries that would
barely raise an eyebrow these days. Back then, if bacteria entered a cut
or infection took hold after surgery, the wounds were doused in
bromide — hugely painful and deadly to healthy cells too — or treated
with bloodletting and leeches. Then, in September 1928, British
scientist Alexander Fleming returned from his summer holiday to find
one of the petri dishes of Staphylococcus bacteria in his lab had a big
blob of mould growing in the middle of it. Yet the area around the
mould was free of bacteria and Fleming wanted to know why. The
answer led to the development of the first antibiotic — penicillin — and
by the mid-1940s it had become widely available. Medical care was
transformed. It used to take a particular bacterial strain a few decades
to evolve to overcome the antibiotic designed to kill it. But these days,
says Dr Maytham Hussein, a researcher in alternatives to antibiotics
from the University of Melbourne, it takes some bacteria only two or
three years to learn to resist a particular antibiotic. Some bacteria
become resistant before clinical trials have even been completed. The
problem is that bacteria reproduce faster than just about anything on
the planet, some strains doubling their numbers in under five minutes.
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As the human population increases (giving bacteria more places to
multiply) and more and more of these people use antibiotics to get over
their infections or keep them safe after surgery — or agriculture uses
antibiotics to keep infection in animals at bay — bacteria have many
more opportunities to become resistant. And as this process speeds up,
the probability that bacteria will find a way to overcome antibiotics
increases. The result is that our stash of usable antibiotics is dwindling.
Those golden staph outbreaks we hear of invading hospitals provide a
glimpse of what a post-antibiotic world could look like. Or worse still,
a return to the bubonic plague pandemic that devastated Europe, Asia
and North Africa in the 1300s. Has the post-antibiotic era already
arrived? There are plenty of medical experts who believe the post-
antibiotic era is already here and COVID has supercharged the need
to address the problem. Ventilators that are relied on to treat many of
COVID's sickest patients in ICU also place those patients at increased
risk of bacterial infection. Before COVID, ventilator-associated
pneumonia (VaP) was already a widely noted medical phenomenon,
affecting between 5 and 40 per cent of intubated patients. Of those
diagnosed with VAP, up to 10 per cent die from a bacterial infection,
not the illness that brought them to ICU in the first place. But it's not
just desperately ill COVID patients who are vulnerable. Without
effective antibiotics, the healthcare we take for granted — from giving
birth and knee replacements to heart bypass operations and surgery for
cancer — would carry the risk, once again, of exposing the patient to a
life-threatening infection.

"This is the slow pandemic," says Professor Matt Cooper from the
Institute of Molecular Bioscience at the University of Queensland.
"Politicians and funding bodies [respond to] acute crises, and don't get
me wrong COVID is a serious disease, but with antibiotic resistance
we are like a frog, slowly boiling on a stove." So where are the new
antibiotics coming from? With so much at stake, you might think that
pharmaceutical companies would be tripping over themselves to
invest in the next great antibiotic and back the next Alexander Fleming
or Tony Velkov.

But there's a problem.

The speed with which bacteria challenge and overcome new

antibiotics isn't just a scientific problem. It is also an economic one:
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pharmaceutical companies don't have time to make a profit. Of the
antibiotics that do make it to market, most are lucky to have a 10-year
life span before bacteria become resistant, Velkov says. And when it
costs up to $1 billion to develop a marketable drug, a decade isn't
enough time for pharmaceutical companies to get their money back
and deliver a profit. Tweaking the drugs to give them longevity isn't
much help because when global patent laws run out, typically after
about 25 years, the generic manufacturers move in. "There's not much
money in antibiotics," Velkov says. "For pharmaceutical companies,
it's literally like a charity, a pro-bono activity for them, and they are
not investing." Cooper agrees: "It is really simple, [the problem is]
money, and everyone is leaving the field because it's so depressing.
It's really, really hard to stay motivated." Instead, big pharma is
investing in drugs for conditions like rtheumatoid arthritis, melanoma
and blood clots — which made up three of the top five biggest-selling
drugs of 2021. Pfizer's COVID vaccine came in at number one.
Moderna at number three.
'A thankless job'

Velkov's close relationship with Li has sustained them both
through the long years of research with little but their own scientific
curiosity to keep them going. But Velkov says he also found
motivation from something deeper: the idea that his work could make
a difference. "He's a very good friend of mine and we work really well
together," Valkov says of Li. "Many professions become about
reputation, ego and achievement, whereas we don't really care what
other people think of us. If our work can actually change the way
people live, or help them live better, then our work means something.
That's what science and medicine is about. When you lose touch with
that central philosophy, you're in trouble." Nevertheless, he admits
matter-of-factly that a career devoted to bacteria and developing
antibiotics can be "a thankless job". The two scientists years ago gave
up expecting R&D funding from Australia.

Of course, they had support from the university sector and then
tipped in more of their own cash at critical moments, but the big
investment required to make their new drug a reality came from
overseas. "It's just all about investment and development, that's all it is,"
says Velkov of the difficulty finding new antibiotics. "We can fix this
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problem [of antimicrobial resistance] but governments need to prioritise
it. They can't rely on drug companies and they can't rely on Jian Li and
myself mucking around in the lab on our days off. We are just two
blokes trying to scrounge together materials to build something." With
pharmaceutical companies wary of the financial risk of significant
investment, a number of government-backed funding bodies have been
set up in other countries to support drug development.

Velkov and Li received two $US4.5 million donations from a US-
government investment fund known as BARDA, the Biological
Advanced Research and Development Authority, that enabled them to
finish the research for their intravenous antibiotic. He wishes the
Australian government had similar investment capacity: "That's not
even possible in Australia. We don't even have grants that size. Down
Under, we just do things too small," he believes. Even better, Velkov
says, would be establishing a global alliance — in particular, partnering
with China where significant research is underway — that can pool
medical developments for the greater good. It's an idea Cooper has
tried several times, currently as a not-for-profit project that screens
compounds for antimicrobial activity with a goal to help researchers
discover new compounds that are effective against drug-resistant
infections. 'Really, really hard' Funding difficulties are only one part
of the problem. "I want to stress that this is tough," says Cooper,
pointing out that the technical difficulties of finding and developing
new antibiotics are real. Researchers have scoured nature to find new
antibiotics from coral reefs, soil and even bat dung but "there hasn't
been much success", says Cooper, who is preparing to publish his
findings outlining the key problems facing the development of
antibiotics and flags key areas of promising research. Notwithstanding
disappointing results from searching the environment for new sources
of antibiotics, the importance of protecting nature remains the key,
says Velkov. "Most of our medicines are natural products and we
haven't come close to tapping into all of these natural resources," he
says. Solutions to the superbug Four avenues are being explored to
combat the rise of the superbug.

One is to continue to push the message that existing antibiotics
must be used sparingly and carefully to minimise the potential for
bacteria to become immune. Another is reviving antibiotics that were
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previously passed over because something better came along.
Returning to these discoveries saves research and development
money, making them a more attractive investment. Scientists are also
searching for ways to support or boost the effectiveness of existing
antibiotics by using other drugs and therapies, known as
"potentiators". Maytham Hussein's work looks at the effect of
cannabinoids, which if taken in tablet form can boost the performance
of antibiotics. Cooper is undertaking associated research that uses
peptides as potentiators. Then there is the phage therapies, a branch of
medical science that harnesses viruses to attack and kill bacteria.
Finally, there is immune modulation known as "inflabiotics", which
uses similar strategies to the immune therapies being used successfully
in cancer treatment.

"These get the ancient part of our immune system, our innate
immunity, to stop making 'bad' inflammation and instead clear the
infection with 'good' inflammation," Cooper says. He anticipates this
therapy would face fewer issues with drug resistance because it targets
the immune system, not the bug itself. "If it is viable, it could be
broadly applied," he says. Is time running out? Cooper is confident
more antibiotics can be found or alternative therapies discovered. But
he fears the struggle for funding has made bacterial research a
disappearing field. He calculates that fewer than 1,400 researchers —
experts in bacteria and antibiotics — remain working around the world.
Of those, he estimates most are in their 50s and 60s and due to retire
in the next decade. "At some stage, not only will there be no money
for research but all those experts will leave the field," he says. "Ninety
years of knowledge about how to discover and develop antibiotics,
these miracle drugs that have saved more lives than any other drug,
will be gone."
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SUPPLEMENT 11

NANOMATERIALS FOR CRANIOFACIAL
AND DENTAL TISSUE ENGINEERING

The oral and maxillofacial regions are complex areas in the human
body. They are composed of several tissues, including bone, cartilage,
and teeth, among others. Treatment of damage in these regions has
always been a great challenge because of their complicated structure
and function. The emergence of tissue engineering shows great
potential as a future treatment for craniofacial and dental defects
caused by trauma, tumors, and other diseases.

Three main factors must be considered with tissue engineering:
1) cells, which are the most basic structural unit of all organisms;
2) scaffolds, which are framework materials to support the growth of
cells into a complete organization; and 3) growth factors, which
influence cellular activity. The scaffold provides a microenvironment
for cell adhesion, proliferation, and differentiation, ultimately forming
a new organization and playing an important role in tissue
regeneration. Therefore, the choice of scaffold materials is important
in the formation of new tissue. Ideal scaffold materials should not only
have biocompatibility, controllable degradability, and proper
physicochemical properties but also simulate the structure of
extracellular matrix (ECM) in native tissues.

Nanomaterials are presently undergoing rapid development in the
field of nanotechnology. Compared with bulk materials, the decreased
size of nanomaterials leads to an exponential increase in effective
stiffness, surface area, and surface area to volume ratio. Nanomaterials
also possess quantum size, macroscopic quantum tunneling, and small
size effects that are absent in bulk materials, resulting in altered
physiochemical properties (Padmanabhan and Kyriakides 2015).
Owing to the ultra-sized structure, better biocompatibility, and a wide
range of biological activities, nanomaterials have gradually become
favored for tissue engineering research.
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There are several types of nanomaterials used in tissue engineering,
including nanoparticles, nanofibers, nanotubes, and nanosheets.
Nanoparticles differ from the original bulk in terms of physical,
chemical, biological, electrical, and optical characteristics. Because of
their small size and large surface area, they facilely enter into cells and
promote various molecular changes. Thus, they are often used as
carriers for targeted and controlled delivery of growth factors, drugs,
and oligonucleotides in vivo (Kumar et al. 2014). Besides, nanoparticles
can be used in composite scaffolds to improve biodegradability,
corrosion rates, mechanical properties, and other traits. Nanofibers,
manufactured primarily by electrospinning techniques, have been used
to reconstruct the architecture of the ECM and provide a scaffold for
cell adhesion and growth (Li et al. 2014). In addition, the high specific
surface area of nanofibers provides an ideal platform for the release of
bioactive factors. Nanotubes and nanosheets can reinforce both
mechanical strength and electrical conductivity, as well as assist in
controlled drug delivery in tissue engineering scaffolds.

In this review, we focus on the current progress of nanomaterials
used frequently in craniofacial and dental tissue engineering,
especially in the reconstruction of bone, cartilage, and dental and
periodontal tissues in the oral and maxillofacial regions.

Bone Tissue Engineering

Maxillofacial bone defect caused by malformation, trauma, infection,
tumor, and other diseases often leads to different degrees of deformity and
dysfunction in patients. At present, treatments mainly use bone
substitutes, including autologous, heterogeneous, artificial, allograft, and
tissue-engineered bone. Clinically, autologous bone is the most
commonly used bone substitute because of its perfect biocompatibility.
However, its limited availability and the wound on the donor site restrict
its clinical application. Heterogeneous and allograft bone has
immunogenicity and pathogenicity challenges. Artificial bone, such as
ceramet and polymers, is mostly used as permanent implants and cannot
participate in normal metabolism of the human body.

Nanomaterials have been used increasingly to enhance bone tissue
engineering strategies. Nanoparticles have especially been used to
overcome some of the limitations of scaffold materials in bone
regeneration, including insufficient mechanical strength, poor cell growth

146



and differentiation at the bone defects, and instability of growth factors
released to stimulate bone formation (Gong et al. 2015).

Nano-hydroxyapatite (nHA) is the main inorganic component in
natural bone. It has wide application as a bone-repair material in
biomedical science, owing to its adsorbability, osteoconductivity,
biocompatibility, and biosafety. However, in recent years, researchers
have found limitations when using nHA as a single component for
bone tissue engineering. These limitations include its poor mechanical
properties and insufficient toughness that make it unable to bear larger
loads or impacts. To overcome these disadvantages, composite
scaffold materials containing nHA and other natural biological
materials or synthetic polymer materials have been developed.
Compounding nHA with high molecular weight polymers overcomes
the shortcomings of a single material by antagonistic functions,
thereby improving biocompatibility and mechanical strength of the
scaffold. Collagen (Han et al. 2013), polylactic acid (PLA) (Wang,
Xing, et al. 2016), poly lactide-glycolic acid (PLGA) (Huang et al.
2010), polyamide (Zhang et al. 2010) and coralline (Du et al. 2015),
chitosan, and polycaprolactone (PCL) (Su et al. 2013) have so far been
combined with nHA and used widely in bone tissue engineering

Collagen is the main organic component of natural bone that has
outstanding performance because of the fibrous structure of collagen and
the orientation arrangement of nHA. To re-create the architecture of
native bone, the design of nHA/collagen composite scaffolds has been
brought to the forefront. Numerous studies have demonstrated that
nHA/collagen composite scaffolds possess adjustable mechanical
properties and osteoinductivity (Han et al. 2013; Wang, Wang, et al.
2016). Collagen fiber provides a scaffold for infiltration of osteoblast
cells, and then the cells replace collagen materials. However, the
nonabsorbable nHA reduces the effect of replacement, so the ratio of nHA
and collagen in composite materials is important for bone regeneration.
Wang et al. studied 2 composites with different constituent ratios to repair
the extraction socket of dogs. The results showed that a greater proportion
of collagen could accelerate bone tissue formation but decrease the
mechanical property and vice versa (Wang, Wang, et al. 2016).

PLA is a biomaterial approved for use by the US Food and Drug
Administration based on its histocompatibility and nontoxicity. The
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final degradation products of PLA are carbon dioxide and water, and
the intermediate product is lactic acid, which is a normal product of
glucose metabolism. However, the poor initial strength of PLA,
insufficient hydrophilicity, and partial acidity of the degradation
products resulting in aseptic inflammation are not conducive to tissue
regeneration. The addition of nHA can increase compressive strength,
cellular affinity, osseointegration, and biocompatibility, as well as
neutralize the acid degradation products of PLA by forming a slightly
alkaline environment when increasing its solubility. Wang et al. used
an nHA/collagen/PLA scaffold combined with human alveolar bone
marrow—derived stem cells (BMSCs) to restore a critical-size
mandibular bone defect in rabbits. Their results demonstrated that
engineered bone composed of an nHA/collagen/PLA scaffold,
together with osteogenic preinduced BMSCs, was a valid alternative
for correcting mandibular bone defects (Wang, Xing, et al. 2016).

Mineral trioxide aggregate (MTA) is a gray powder preparation
composed of tricalcium aluminate, tricalcium silicate, dicalcium
silicate, calcium sulfate dihydrate, and bismuth oxide that has been
applied in the clinical treatment of dental pulp diseases. Due to its
composition and release of Ca2+ and OH ions during hydration, MTA
can increase pH to neutralize the acidic metabolites of macrophages
and osteoclasts, as well as affect mineralization. To study the effects
of micro- or nano-size MTA on histopathological responses during
bone regeneration, Saghiri et al. (2015) implanted MTA and nano-
modified white MTA, with or without nano-3Ca0.Al203, into right
mandibular bone defects of male rabbits. They obtained encouraging
results with nano-modified white MTA containing 2% nano-
3Ca0.A1203 and demonstrated that the composite of nano-scale
particle size and tricalcium aluminate could improve histopathological
reactions in terms of the inflammatory response, bone regeneration,
and foreign body reaction (Saghiri et al. 2015). The mechanism might
involve an increase of the specific surface area, leading to higher
reactivity and release of Ca2+ and OH ions.

Graphene is a 1-atom-thick film with a honeycomb structure
composed of carbon atoms created by sp2 hybridization. It is the basic
structural element of other carbon allotropes, such as graphite,
charcoal, carbon nanotubes, and fullerenes. Graphene and its
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derivatives have unique physical, chemical, and biological properties
that can promote adhesion, proliferation, and osteogenic
differentiation of BMSCs (Shih et al. 2011). The induction of
odontogenic and osteogenic differentiation by graphene on dental pulp
stem cells (DPSCs) has also been investigated. That study compared
the effect of graphene with glass and found that the mineralization
levels induced by graphene were higher than those induced by glass.
Furthermore,  graphene  significantly  induced  osteogenic
differentiation of DPSCs without any chemical inducers of
osteogenesis while downregulating odontogenic differentiation (Xie
et al. 2017). The reason for these effects might involve the increased
stiffness caused by graphene because it has been the strongest and
stiffest material used up to now. The increase of substrate stiffness
could stimulate osteogenic differentiation of BMSCs by increasing the
expression of OCN and RUNX2 (Shih et al. 2011). Apart from
stiffness, graphene can upregulate the expression of bone
morphogenetic protein 2 (BMP-2), which is related to osteogenesis
upon cytoskeleton tension. This can enhance the sensitivity of
pathways to mechanical stimulation. Research about the utility of
graphene in bone tissue engineering is currently at the initial stage.
Thus, understanding the potential long-term toxicity and mechanisms
of enhancing osteogenic differentiation by graphene is incomplete.
Further research will be needed to find the answers and realize the
potential of graphene in bone tissue engineering.

Electrospinning is one of the most common methods for preparing
nanofibers. Numerous materials have been electrospun into
nanofibrous scaffolds for bone tissue engineering (Li et al. 2014).
Such scaffolds are mainly used to repair critical-sized cranial bone
defects in the oral and maxillofacial region. BMP-2-loaded
electrospun PCL-gelatin fibrous scaffolds with nano-biphasic calcium
phosphate particles enhanced cell adhesion and proliferation behavior
in vitro and remarkably repaired rat skull defects after 8 wk in vivo (Li
et al. 2014). However, the pore size of electrospun nanofibrous
scaffolds, which is less than 5 um, is too small to allow cells to migrate
within its dense structure, as the average cellular diameter is 5 to 20
pum (Kim et al. 2010).
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To overcome these challenges, newly designed nano/microfibrous
composite scaffolds were fabricated through a hybrid electrospinning
system that combined traditional solution electrospinning with melt
electrospinning. Kim et al. (2015) investigated composite scaffolds
created from silk fibroin nanofibers by melt electrospinning and PCL
microfibers by solution electrospinning for bone regeneration in vitro
and in vivo. Their results showed that the silk fibrion/PCL
nano/microfibrous composite scaffolds supplied a suitable
environment for adhesion, proliferation, and differentiation into
osteoblasts of human mesenchymal stem cells in vitro. Furthermore,
the nano/microfibrous composite scaffolds stimulated new bone
formation in a rabbit skull defect model in vivo (Kim et al. 2015).

Several newly developed nanomaterials are used in bone tissue
engineering, such as carbon nanotubes (Yan et al. 2016) and magnetite
nanoparticles (Aliramaji et al. 2017).

Cartilage Tissue Engineering

Cartilage tissues in the oral and maxillofacial regions contain 3
main parts: temporomandibular joint cartilage, auricular cartilage, and
nasal cartilage. These tissues maintain the appearance and function of
relevant areas. Similar to cartilage tissues from other parts of the
human body, the self-repair ability of these cartilage tissues is poor
because of the lack of blood supply and absence of stem cells. The
success of autologous chondrocyte implantation and tissue
engineering shows the possibility of cartilage repair, resulting in many
methods being investigated to repair or replace damaged cartilage.

To date, most cartilage tissue engineering research has focused on
articular cartilage, especially the knee joint. Because of the special
hierarchical structure of articular cartilage and important physiological
function of subchondral bone, scaffolds with a single composition and
structure are insufficient to repair articular cartilage defects (Zhong et al.
2016). It is a further challenge to repair combined defects and accomplish
stable integration between both -cartilage-cartilage and cartilage—
subchondral bone interfaces (Liao et al. 2017, Shao et al. 2017).

Similar to its effects in bone tissue engineering, nHA also improves
regeneration when reconstructing subchondral bone. Furthermore, the
content of nHA has an impact on the degradation speed of composite
materials and the mechanical properties of the scaffold. nHA has,
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therefore, been used to prepare composite nanoscale biomimetic
materials for articular cartilage regeneration (Gonzalez-Fernandez et
al. 2016). Researchers also used other nanoparticles to improve the
mechanical properties of the scaffolds. For example, Lin et al. (2009)
incorporated nano-silicon dioxide with poly (acrylic acid) and alginate
and found that the performance of the composite scaffolds was
identical to natural cartilage because of the hydrophilicity of alginate,
the great increase of compressive strength and fracture toughness, and
reduction of the friction factor.

Nanofibrous scaffolds prepared by electrospinning mimic collagen
fibrils in cartilage ECM and have been also used as a scaffold in
cartilage tissue engineering. Numerous materials have been
electrospun into nanofibrous scaffolds, including PCL (Jakubova et al.
2011), PLA (Zhang et al. 2013), PLGA (Toyokawa et al. 2010),
chitosan (Liverani et al. 2012), gelatin, hyaluronic acid, and other
materials. These materials can be used to enhance the differentiation
of chondrocytes and mesenchymal stem cells. The adhesion and
proliferation of cells cultured on electrospun 3-dimensional (3D)
scaffolds are better than on 2-dimensional scaffolds. Our group has
developed electrospun nanofibrous poly (3-hydroxybutyrate-co-4-
hydroxybutyrate) (P3HB4HB) scaffolds that are the fourth generation
of polyhydroxyalkanoates. These scaffolds exhibit excellent
flexibility and complete biodegradability (Fu et al. 2016). The in vivo
studies demonstrated that improvements in ASC-based electrospun
3D P3HB4HB scaffolds may ultimately lead to better repair of
cartilage injury (Li et al. 2015; Shi et al. 2016).

Different from articular cartilage, the cartilage in oral and
maxillofacial regions has a unique structure that is difficult to re-create
by electrospun nanofibers alone. To obtain the unique shape of auricle
cartilage, sandwich-model scaffolds with a carrier of a particular shape
have been developed. Xue et al. (2013) designed a 3D ear-shaped
scaffold with an electrospun PCL/gelatin (50:50) nanofibrous
membrane and a titanium alloy model that mimicked the shape of the
human ear (Fig. 1). Newly formed cartilage tissue was found on the
PCL/gelatin membrane with chondrocytes. The PCL/gelatin
membrane was then used to cover the entire titanium alloy model to
construct a sandwich scaffold in the shape of an ear. After culturing
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with chondrocytes in vitro and in vivo, the ear-shaped scaffolds
maintained their original shape; the similarity was as high as 91.4%
compared with the titanium alloy mold. Furthermore, the engineered
cartilage had good mechanical strength and flexibility. These results
indicated that the construction of 3D engineered cartilage using a
sandwich model with an electrospun nanofibrous membrane is a
simple and effective method that can also be used to construct
scaffolds for the regeneration of other complex tissues and organs
(Xue et al. 2013). Combining electrospin and 3D printing technologies
may be a promising future research direction.
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Figure 1. Schematic illustration of the 3-dimensional ear-shaped
scaffold with electrospun polycaprolactone (PCL)/gelatin nanofibrous
membrane and a titanium alloy model that had a designed human ear

shape. It was cultured in vitro for 2 wk with chondrocytes and then
implanted subcutaneously into the nude mouse for 6 wk.
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SUPPLEMENT 12

MEDICAL FUTILITY (PART 1)

Medical futility falls into the void of obscure conduits that often
plague the medical community in the decision-making process.
Medical futility can best be defined as an instance when a terminally
ill patient and others for whom everything medically plausible,
including heroic methods, has been tried; or a situation in which a
patient has exhausted the course of innovative and tested therapeutic
interventions, and nevertheless will die or live endlessly in a persistent
vegetative state (PVS). An intervention is medically futile when there
is no therapeutic benefit to the patient nor will the treatment return the
patient back to an acceptable level of continued existence. When
comparing the quality of the outcome to the intervention, the outcome
falls below the minimally established guidelines determined by the
social standards set in the community. In addition, the likelihood of
medical treatment offering any positive physiological benefit to the
patient would not be measurable.5 This article seeks to clarify medical
futility together with the rationale for creating a policy. It will also
examine the importance of having guidelines in place and what
guidelines should be embraced in order to avoid nonmaleficence and
promote respect for persons and justice in the medical arena. The
concept of medical futility continues to elude the medical community.
It is as individual in meaning to patients as their diagnoses. This
challenges hospitals to establish medical futility guidelines and
develop a policy that not only encompasses a patient's autonomy, but
also supports the ethical principles of respect for persons, beneficence
and justice. These principles are the basis of the physician-patient
relationship. Autonomy gives the patient the right to determine what
course of action is preferable, based on their own value system. The
ethics of medicine refers not only to the rules, customs and beliefs of
a society; it also attempts to enunciate and evaluate those rules,
customs and beliefs.9 Englehardt and Beauchamp elaborated on the
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ethical principles that have become the foundation of the physician-
patient relationship.9 233 AUGUST 2003 CATEGORY 1 For more
than a decade, bioethics and health care professionals have struggled
to define the exact meaning of medical futility.14 Often, by the time
the physician is comfortable in labeling a patient's treatment medically
futile, success of the treatment is nonexistent. The word "futile" is
derived from the Latin word "futilis," meaning that which easily melts.
The common usage developed from the Greek legend in which the
daughters of Danaus, King of Argos, murdered their husbands and as
punishment, were condemned to collect water for eternity in leaking
buckets. To arrive at a destination with an empty bucket, when the
goal was to bring water, offers the definition of futile as something
that is useless or ineffective.l Two questions often arise. 1) Have we
taken the respect for patient autonomy too far? 2) Does patient
autonomy automatically require the physician to provide any
treatment plan that the patient or surrogate desires? Treating the
patient with interventions that will not improve physiologic
functioning could be construed as unethical. Hippocrates advised us
to refuse to treat those who are overmastered by their disease.
According to the American Medical Association's Code of Ethics,
physicians have no obligation to suggest futile intervention based
upon the ethical principle of beneficence. We can also ascertain that
nonmaleficence disallows physicians from harming patients with
futile interventions that could infer injury to the patient.3 Yet the
challenge remains: define and incorporate medical futility guidelines
into the continuum of care, while offering medical interventions that
provide positive physiological benefit for the patient.

Four concepts of futility In bioethical literature, four basic concepts
of futility have been identified. As presented by Tomlinson and Brody
from Michigan State University, the first concept is based on
beneficence, and emphasizes physiological or strict futility.10 The
intervention is considered futile in the sense that it is unlikely to
produce a physiological benefit. For example, a patient with a
Glasgow Coma Score of 3 after an intracerebral bleed is strictly futile
as there is no expectation for spontaneous brain function to be re-
established.10 Therefore, the procedure is unlikely to be successful in
achieving its objective. The second concept introduced by
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Schneiderman identifies clinical or overall futility. The intervention is
futile when it is unlikely to restore the patient's ability to interact with
the environment and resume human development. An example is one
where the patient is in a persistent vegetative state (PVS) who has
irreversibly lost these capacities. Even though parenteral nutrition or
the dispensing of fluids is physiologically effective, the patient will
not benefit.10 An example of this would be a patient in a PVS state
who has received parenteral nutrition and remains in a PVS state
indefinitely. The case of Nancy Cruzan falls under this concept of
medical futility. Nancy Cruzan, at the age of 24, lost control of her car,
leaving her in a water-filled ditch. Paramedics arrived on the scene to
find her heart had stopped. Although they were able to shock her heart
into action, her brain had been deprived of oxygen too long, and Nancy
was PVS. Nancy was kept alive with a respirator and feeding tube for
seven years. Her care cost the state of Missouri $112,000 per year. In
those seven years, Nancy never interacted with family or friends again.
The feeding tube and respirator were merely apparatuses that
connected Nancy to this world, keeping only her body, but not her
mind, in the present time. The third concept is imminent demise
futility, which has been identified by Brody and Halevy.10 An
intervention is futile when the patient is unfailingly expected to die
without recovering consciousness before being discharged from the
clinical setting. Studies have shown that patients who have arrested
outside the clinical setting and were not successfully resuscitated on
arrival in the emergency department were dead at discharge, and few
ever regained consciousness. 10 Qualitative futility, the fourth element
of the concepts of medical futility, was presented by Tomlinson and
Brody. The intervention may be deemed futile if the quality of life
after treatment is unacceptable to the patient.10 Other guidelines
extend the scope to include when the quality of life resulting from the
treatment is exceedingly poor by the minimum standards, thereby
substantiating medical futility. Clinical paradigms of futile care will
often involve life-sustaining intervention for patients in a persistent
vegetative state or resuscitation efforts.11 This concept can also be
illustrated by treatment that is so unlikely to succeed that many people
would state that it is not worth the cost. Qualitative versus quantitative
futility Further defined in the fourth element are the distinctive aspects
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that differ between qualitative and quantitative futility. Medical
futility is associated with interventions that are unlikely to produce any
significant benefit for the patient.8 Qualitative futility is treatment that
is considered futile: if "it offers no reasonable hope of recovery or
physiological improvement or because the person is permanently
unable to "16 experience any benefit. One such example of qualitative
futility is the case of a 65-year-old retired corporate vice president who
became ill with pneumonia, needed mechanical ventilation and was
admitted to the intensive care unit (ICU). His treatment in the ICU
became complicated by adult respiratory distress syndrome, prolonged
ventilation requiring tracheostomy and subsequent chronic pulmonary
insufficiency. During his stay in the ICU, cardiopulmonary arrest
occurred. Resuscitation efforts were successful, but the patient
suffered severe anoxic encephalopathy secondary to the cardiac arrest
and remained in a persistent vegetative state. Three months after the
cardiac arrest, the neurologist concluded that the patient's chances for
a meaningful recovery were slim. The caregivers spoke to the
Orthodox Jewish family about a do-not-resuscitate (DNR) order, but
the family refused the order, stating religious obligations to preserve
life. After lengthy discussions, the health care team called in a
bioethicist. Ultimately, CPR was determined to be physiologically
futile, the DNR was written AUGUST 2003 11 against the family's
wishes, and the family sought a court injunction to remove the DNR.
The decision was upheld based on the Joint Statement on Resuscitative
Interventions, a position paper published by the Canadian Medical
Association. A second case of qualitative futility is that of Helga
Wanglie (see sidebar). The physician felt that ventilation was futile
since it could not heal her lungs, palliate her suffering, or enable the
unconscious patient to reap the benefit of the life enhanced by
respirator support.3 The husband claimed the patient only wanted to
extend her life and valued any life, therefore, she was entitled to
ventilation even though she was in a vegetative state. This case is one
of a value judgment as the physician and the patient differ in opinion.
The treatment was not futile from the husband's point of view, since
the physiological effect was the extension of her life. The patient's
autonomy to choose continued treatment was respected, albeit the
physician felt there was no benefit to the treatment and deemed it
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futile. Both views are value laden. Medical futility is rooted in the
belief that medical treatment will offer no physiological benefit to the
patient. When addressing medical futility, many have found there is
no clear, concise answer. To better understand qualitative futility, it is
more explicable to assign it a value. When determining if a treatment
is futile using documented futility guidelines, health care professionals
can look at the percentage or value determined for the probability of
the treatment. For example, a surgeon might deem a treatment futile,
unless it has at least a 10% chance of success, while the dilemma arises
when the patient's family or surrogate might be willing to accept a 0%
or 1% chance of success.14 Baby K is a classic case of medical futility
based on a value system. Baby K was born with the terminal condition
of anencephaly. The family felt the continuation of artificial
respiration was a benefit even though there was a 0% chance of Baby
K becoming conscious or having any quality of life. The mother felt
that the ongoing condition of life was benefit enough. According to Dr
Shelton, "Our society allows people to make irrational decisions in
many areas of their lives, even if the life plans they have chosen have
no chance of being achieved."14 Can medical futility be defined in a
society with such a tolerance for individual choice? This raises the
ethical issue of allocating scarce resources. If we allowed scarce
resources to be used on Baby K, is treatment denied to others who
would benefit?
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SUPPLEMENT 13

MEDICAL FUTILITY (PART 2)

Quantitative futility is when the likelihood or probability that an
intervention will benefit the patient is unlikely. This concept, more
evident in everyday clinical settings, is more likely to be received as
standard everyday practice. A physician who prescribes antibiotics for
a viral infection is practicing quantitative futility. The treatment will
not benefit the patient; therefore, what justification does the physician
have for prescribing the drugs? Is it accurate to assume that
quantitative futility is influenced by the economics of treating
patients? The physician is likely to prescribe antibiotics, since not
doing so might compel the patient to seek treatment from another
physician. Would the physician be culpable of medical futility if the
patient did receive benefit from the antibiotic although the outcome
was not anticipated when the drug was prescribed? Another
illustration of quantitative medical futility can be recognized in brain
death criteria. According to Dr Doty, "The diagnosis of death is
uncontroversial when made at the bedside by establishing the
irreversible cessation of heart, lung and brain functions. When CPR
and life support systems are used, brain death often occurs despite the
reversal of cardiac and respiratory arrest." It is conceivable that each
time CPR is administered on a patient showing signs of brain death,
the functions of heart, lung and brain are still reversible. The use of
chemotherapy for incurable cancer is a clear case of quantitative
futility. Despite the administration of chemotherapy treatment, the
patient will die. The empirical evidence documenting the outcome of
treatment will establish whether a treatment is futile or not.
Establishing guidelines In the 16th and 17th centuries, Roman
Catholic moral theology created a distinction between ordinary and
extraordinary care that states treatment was no longer obligatory,
when it was extraordinary.4 One defines extraordinary care as
treatment that is inappropriate. Administering CPR to a person with a
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cardiac rupture would be futile and inappropriate treatment.
Guidelines for medical futility should begin with the cessation of
inappropriate treatment. The process of death is different today than it
was 100 years ago. End-of-life care was regularly administered at the
bedside of the patient in their residence, but the advancement of
technologies has moved the location to the health care setting. It is
possible to prolong life due to the significant advances of medical
technology, yet this intervention may not lead to a meaningful
realization of goals for the patient.12 Another complication is the fact
that the majority of patients have not designated advanced directives
to guide their end-of-life care, thereby challenging the physician
administering care to act in the patient's best interest. It is also
plausible that surrogate decision making and family disagreements
will cause further debate when determining medical treatment by
caregivers. The acceptance of medical futility by the physician, patient
and family should not lessen medical care. Futility has been
established as a concept to guide physicians in avoiding the provision
of inappropriate care that could be harmful.4 Guidelines of futility
should incorporate considerations for the chance of success, cost, life
expectancy and the quality of life after treatment into the decision-
making process when determining whether therapeutic treatments
should be offered to patients. Once treatment is deemed futile, a shift
in the continuum of care should be initiated with attention to the
provision of palliative care. Palliative care can improve the quality of
a patient's life even though it may not prolong it. While assuring the
patient's autonomy is respected, the issue of pain management should
be considered the standard of care. Hospice care can be instituted to
deal with endof-life pain and symptom management. In establishing
guidelines, a patient's physician should possess initial authority to
consider treatment futile, although it should not be solely a unilateral
decision. When the physician deems treatment futile, written
guidelines will clarify issues that could arise, since each physician has
different thresholds for determining futility. First, established
treatment options should guide the physician when explaining the
reasons supporting the futility judgment. Second, written procedures
should be established for the family, if they choose to challenge the
futility judgment. Also, educating the family to the conditions of
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medical futility is essential before a policy can be enforced. Finally,
ultimate authority to determine if treatment is futile should be decided
by the medical profession and should conform to the well-established
standards of care. The institution should also recognize the need to
address the core element of the American health care system which
asserts that all Americans will be provided with adequate health care.
Good communication with the family is essential to promoting
beneficence and nonmaleficence. The design of a medical futility
policy should meet the needs of a community as a whole and not be
construed as a custom designed policy for a particular hospital. Many
hospitals are afraid of any futility policy that could be construed as a
method of saving money over providing quality health care. If
possible, the medical community should establish a community-wide
policy that would eliminate the possibility of hospitals being accused
of practicing health care rationing and cost containment as the basis of
their medical futility policy. In 1991, the Patient Self Determination
Act established advance directives to give patients and surrogates a
voice in the determination of care. While this aided patients, it also
opened the door for a new set of problems. With this principle, a new
trend evolved as families began demanding treatment and aggressive
interventions that a physician deemed inappropriate. A policy that
includes conflict resolution guidelines would aid physicians in cases
where they arrive at a decision of futility when the family is in
complete opposition. A physician making a judgment of futility might
use documented empirical evidence that reveals the outcome of an
intervention for the different groups of patients. The evidence in
futility should show that no significant likelihood exists for a
significant benefit. This approach should be supplemented with
continual dialogue with the family throughout the course of treatment.
According to Solomon, studies show that physicians who are involved
in decisions with end-of-life care find improvement in advance care
planning, quality of endof-life decision making and lower resource
utilization, when they have established an institutional routine that
requires conversation about the goals of care. Without these guidelines
in place, medical staff often communicate unrealistic hope to the
family when they fail to provide honest information regarding the
patient's condition. This can produce extremely harmful discord and
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lack of trust between the family and caregivers. Goals of care
assessment tool (GCAT) "The use of structure instruments that gather
and organize data needed to make judgment about appropriate goals
of care can be beneficial for clinicians and families." The Goals of
Care Assessment Tool (GCAT) is used to collect relevant clinical and
narrative information crucial to the formulation of rational goals of
care at the end of life. The GCAT directs the clinician to estimate the
patient's prognosis and convey whether the patient or surrogate knows
the diagnosis and prognosis. It also lists the presence or absence of do-
not-resuscitate orders and advance directives, family support and
involvement, as well as pertinent psychosocial or cultural issues. Pain
and symptom management are also addressed. Once the information
is assembled, the caregiver is instructed to formulate goals for care and
interventions that will help achieve the goals. The GCAT can also be
utilized when a change occurs in the patient's prognosis. Directions
prompt for information about patient or surrogate knowledge
regarding a terminal diagnosis or prognosis, preferences for palliative
care and whether there is an expressed desire for death. It also includes
information to complete a do-not-resuscitate order. Instruments like
the GCAT can promote a collaborative process for end-of-life decision
making in institutional settings by providing a structure for caregivers
to work with patients and families. This will assist clinicians in
obtaining pertinent information that is essential to adequate decision
making to minimize futility disputes and facilitate palliative care
interventions. Conclusion As the medical community struggles to
establish acceptable medical futility guidelines, it is important to
incorporate community values in the continuum of care and emphasize
the quality of life that will be provided by that treatment. It is possible
to provide care for the medically futile patient and yet maintain the
patient's right for autonomy? Physicians or institutions should have
the right to refuse treatment they deem to be inappropriate or
extraordinary as long as the patient's family has been informed of these
guidelines. Physicians should be honest with their patients and family
members, as this would direct treatment that would be most conducive
to the patient and alleviate much of the unrealistic hope family
members have as they accept the reality of treatment being medically
futile. Even though it has been unfeasible to agree on the terms and
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guidelines of medical futility in the past, the medical community
should continue to pursue this goal. As medical technology advances,
it provides opportunity to treat the untreatable and thus it will become
even more important to carefully designate care only to those who will
benefit and not provide tunity to those by treating medically futile
patients, forcing physicians to spend valuable medical resources on
patients who cannot benefit from them. Perhaps, health care
professionals can look to Aristotle for wisdom when creating a
discipline for medical futility, for it is he who said, "What lies in our
power to do, it lies in our power not to do."
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SUPPLEMENT 14

WHAT IS
A QUALITY ADJUSTED LIGE YEAR (QALY),
and why is it important in health economics?

The term "quality-adjusted life year" or "QALY" is a measure of
health outcomes pertaining to disease burden and is used to assess the
value of medical interventions. As health can be defined as the length
of life and the quality of life, the QALY combines the two factors into
a single figure.

In other words, quality-adjusted life year measures how many
additional months or years of life of a reasonable quality a patient or
person may gain due to treatment.

The QALY metric is essential in health economics, medical costs
calculations, program evaluations, and insurance coverage determinations.
How Is Quality-Adjusted Life Year (QALY) Calculated?

In order to calculate the QALY and conduct an adequate cost-
effectiveness analysis for treatments and clinical trials, two inputs
must be considered: the utility value and amount of time people live
in various health states. The quantifiable nature of QALY helps to
understand the quantity and quality of a patient's life, and its
calculation is based on one year of their health status.

Thus, the QALY results range from 0 to 1, where 0 means death
and 1 means perfect health in this period. In some circumstances, the
calculation may also reflect health states that would be "worse than
dead," with a value of less than 1.

The methods that measure people's willingness to trade time in
different states of health make up the utility values used in this
calculation. The following are factors proposed in the Journal of
Health Economics and are based on the answers of patients:

Time-trade-off (TTO): respondents choose between remaining in ill
health for a specific period of time or choosing perfect health with a
shorter life expectancy. Standard gamble (SG): respondents choose

163



between remaining in ill health for a specific period of time or medical
intervention that could restore them to perfect health or kill them. Visual
analog scale (VAS): respondents rate a state of ill health on a scale from
0 to 100, where 0 represents being dead, and 100 represents perfect
health. The answers can have a solid subjective factor. The weighting
of a particular health state can also be determined using standard
descriptive systems, such as the EuroQol Group's EQ-5D questionnaire.
Examples of QALY's Calculation

For example, if a patient lived in a situation with a utility of 0.5 or
0.5 QALYs, that person is only experiencing 50% of the possible value
of that year. The patient living in less than perfect health for a period
of time of one year is valued as much as the value of living half a year
in perfect health.

In the next approach, let us think about an intervention that results
in a patient living for four extra years rather than dying within one
year. In this case, their quality of life would have dropped from 1 to
0.6. The following formula would be generated:

4 years of extra life with a quality of life of 0.6 = 2.4

Reduced quality of life in less than 1 year (1 — 0.6)= 0.4

QALY value after the intervention = 2.0

This calculation serves as an indication of the benefits of medical
procedures regarding the quality of life and survival of the patient.
Therefore, it weighs the total life-years lost due to a disease or
condition and those gained by a treatment on yearly basis.

Another example would be a patient that has enjoyed 2 years of
perfect health, equaling a value of 2 QALYs. If this patient has 2 years
of a health status valued at 0.5 and followed by another two years of
perfect health, the calculation equals 3 QALYs.

Uses of QALY in Health Economics

The application and uses of QALY are mainly related to health
economic evaluations as a measure of treatment outcomes. For
example, most recently, the QALY measure has proven fundamental to
the calculation and assessment of the cost-effectiveness of the COVID-
19 vaccines in the United States. Moreover, the Pfizer-BioNTech
COVID-19 vaccine is estimated to have increased the number of
QALYs by over a million in the US, mostly by avoiding deaths.
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The data shown on medical cost evaluations are often combined
with QALY to estimate the cost-per-QALY associated with a health
care procedure. Hence, this information can be used to produce a cost-
effectiveness study for any treatment and/or model, and properly
allocate healthcare resources. With more evidence, policymakers can
review a treatment's health benefits and health-related quality of life
for individuals with a specified health condition. Cost-benefit research
can then be developed with greater emphasis placed on different life-
extending procedures and reducing the burden of disease with a better
cost-utility analysis.

In recent years, the use of QALY's has become increasingly utilized
in different European countries. For instance, The National Institute
for Health and Care Excellence (NICE) has used it to evaluate the
utility of health technologies in the United Kingdom. In the
Netherlands, the use of QALY is present on highways, local roads, and
railway crossings' security measures.

What Is the Difference Between QALY and DALY?

While Quality-Adjusted Life Year (QALY) was invented in the
1970s and has been a tool to measure life expectancy combined with
the quality of life-years remaining, Disability-Adjusted Life Year
(DALY) is a tool that emerged in the early 1990s and quantifies the
burden of disease.

DALY sums the years of life lost due to premature mortality and
the patient's years in disability or disease. Unlike QALY, DALY uses
a severity scale where 0 means perfect health and 1 means death. Both
cannot be used interchangeably and produce different results
depending on age at disease onset and disease duration.

In Conclusion

Although there is criticism about Quality-Adjusted Life Year
regarding its theoretical assumptions—utility independence, risk
neutrality, and constant proportional tradeoff behavior—and the
difficulty to define perfect health, it is an increasingly used measure
in health economics.

It is easy to calculate and it works as a measure of the value of
health outcomes. In the future, the data used to calculate it might be
extended to include factors such as well-being to value outcomes, and
explore further improvements or replacements.
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SUPPLEMENT 15

WHAT YOU SHOULD KNOW
ABOUT INFLUENZA (FLU) ANTIVIRAL DRUGS

Can flu illness be treated? Yes. There are prescription medications
called "antiviral drugs" that can be used to treat flu illness. What are
antiviral drugs? Influenza antiviral drugs are prescription medicines
(pills, liquid, or an inhaled powder) that fight against flu in your body.
Antiviral drugs are not sold over-the-counter. You can only get them
if you have a prescription from a health care provider. Antiviral drugs
are different from antibiotics, which fight against bacterial infections.
What should I do if I think I have the flu? If you get sick with flu,
antiviral drugs are a treatment option. Check with your health care
provider promptly if you are at high risk of serious flu complications
(see the next page for full list of high-risk factors) and you get flu
symptoms. Flu symptoms can include fever, cough, sore throat, runny
or stuffy nose, body aches, headache, chills, and fatigue. Your doctor
may prescribe antiviral drugs to treat your flu illness. Should I still get
a flu vaccine? Yes. Antiviral drugs are not a substitute for getting a flu
vaccine. While flu vaccine can vary in how well it works, a flu vaccine
is the first and best way to prevent influenza. Antiviral drugs are a
second line of defense to treat the flu if you get sick. What are the
benefits of antiviral drugs? Antiviral treatment works best when
started within two days of getting symptoms. Antiviral drugs can
lessen fever and other symptoms, and shorten the time you are sick by
about one day. They also can prevent serious flu complications, like
pneumonia. For people at high risk of serious flu complications,
treatment with an antiviral drug can mean the difference between
having a milder illness versus a very serious illness that could result
in a hospital stay. For adults hospitalized with flu illness, some studies
have reported that early antiviral treatment can reduce the risk of
death. What antiviral drugs are recommended this flu season? There
are four FDA-approved antiviral drugs recommended by CDC this
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season: oseltamivir phosphate (available as a generic version or under
the trade name Tamiflu® ), zanamivir (trade name Relenza® ),
peramivir (trade name Rapivab® ), and baloxavir marboxil (trade
name Xofluza® ). Oseltamivir is available as a pill or liquid and
zanamivir is a powder that is inhaled. (Zanamivir is not recommended
for people with breathing problems like asthma or COPD). Peramivir
is given intravenously by a health care provider, and baloxavir is a pill
given as a single dose by mouth. What are the possible side effects of
antiviral drugs? Side effects vary for each medication. For example,
the most common side effects for oseltamivir are nausea and vomiting,
zanamivir can cause bronchospasm, and peramivir can cause diarrhea.
Other less common side effects also have been reported. Your health
care provider can give you more information about these drugs or you
can check the Food and Drug Administration (FDA) website for
specific information about antiviral drugs, including the
manufacturer's package insert. When should antiviral drugs be taken
for treatment? Studies show that flu antiviral drugs work best for
treatment when they are started within two days of getting sick.
However, starting them later can still be helpful, especially if the sick
person is at high risk of serious flu complications or is very sick from
the flu. Follow instructions for taking these drugs. How long should
antiviral drugs be taken? To treat flu, oseltamvir and zanamivir are
usually prescribed for 5 days, although people hospitalized with flu
may need the medicine for longer than 5 days. Rapivab® is given
intravenously for 15 to 30 minutes. Baloxavir is given in a single dose.
Can children take antiviral drugs? Yes, though this varies by
medication. Oseltamivir is recommended by CDC for treatment of flu
in children beginning from birth and the American Academy of
Pediatrics (AAP) recommends oseltamivir for treatment of flu in
children 2 weeks old or older. Zanamivir is recommended for early
treatment of flu in people 7 years and older, though it is not
recommended for use in children with underlying respiratory disease,
including asthma and other chronic lung diseases. Peramivir is
recommended for early treatment of flu in people 6 months and older.
Baloxavir is recommended for early treatment of flu in children aged
5 to less than 12 years without chronic medical conditions and in all
persons aged 12 years and older. Can pregnant and breastfeeding
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women take antiviral drugs? Oral oseltamivir is recommended for
treatment of pregnant women with flu because compared to other
recommended antiviral medications, it has the most studies available
to suggest that it is safe and beneficial during pregnancy. Baloxavir is
not recommended for pregnant women or breastfeeding mothers. Who
should take antiviral drugs? It's very important that antiviral drugs be
used early to treat people who are very sick with flu (for example,
people who are in the hospital) and people who are sick with flu who
are at high risk of serious flu complications, either because of their age
or because they have a high risk medical condition. Other people also
may be treated with antiviral drugs by their health care provider this
season. Most people who are otherwise healthy and get the flu,
however, do not need to be treated with antiviral drugs.
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SUPPLEMENT 16

ANTIVIRAL TREATMENT OF INFLUENZA

Antivirals can be useful to reduce the duration of disease or
severity of symptoms due to influenza virus infection. This is
important, especially for persons at risk of developing severe disease,
as well as situations in which the vaccine fails, for example, due to:

e antigenic mismatch with the circulating virus;

e waning immunity in the elderly population;

e immunocompromised patients;

e current unavailability of the vaccine;

e an outbreak of ‘avian' influenza or an emerging pandemic, as
post-exposure for exposed people and in particular possible cases
of avian influenza infection according to national guidelines.
Influenza-specific antiviral drugs administered as therapy or

prophylaxis are an important addition to the influenza vaccine, but they
cannot be used to replace influenza vaccination. Which are the antivirals
we use in Europe against seasonal influenza, and who should get them?

Currently, three drugs are authorised and recommended for the
treatment of influenza in Europe:

e oseltamivir (Tamiflu)

e zanamivir (Relenza and Dectova)

¢ baloxavir marboxil (Xofluza).

In addition, Matrix-2 (M2) inhibitors such as adamantanes are
authorised at the national level in the EU. However, adamantanes are
not active against influenza B strains and there is widespread resistance
among all currently circulating influenza A strains. Therefore, M2
inhibitors should not be used for the treatment of influenza.

None of these medications can be obtained without a prescription.
They are often only recommended as treatment for influenza for
individuals considered to be ‘at risk' of developing more serious
complications: the elderly or those living with underlying conditions,
like asthma or heart disease. Individuals ‘at risk' may particularly
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benefit from starting the treatment within 48 hours of the onset of
symptoms of an influenza-like illness.

Zanamivir and oseltamivir belong to the neuraminidase inhibitor
family of drugs. Neuraminidase is a protein on the surface of the virus.
When the neuraminidases are blocked, the virus cannot spread. Both
oseltamivir and zanamivir are effective on the neuraminidases of
influenza A and B viruses.

Oseltamivir (e.g. Tamiflu) can be used for the treatment of influenza
in adults and children, including full-term neonates, when the influenza
virus is circulating in the community. For post-exposure prophylaxis, to
prevent flu, it can be used in adults and children aged one year and older
who have been in contact with someone who has flu. The decision to
use oseltamivir is generally taken on a case-by-case basis. In
exceptional circumstances, e.g., a pandemic situation, seasonal
prevention could be considered, also in infants younger than one year.

Relenza (inhaled Zanamivir) is approved for the treatment of adults
and children aged five years and older. It is also approved for the post-
exposure prophylaxis of influenza in adults and paediatric patients aged 5
years and older, who have been in contact with someone who has flu. In
exceptional circumstances, e.g., a pandemic situation, seasonal
prevention could be considered. Dectova (intravenous Zanamivir) can be
used in adults and children from 6 months of age for the treatment of
complicated and potentially life-threatening influenza.

Baloxavir marboxil inhibits an enzyme known as cap-dependent
endonuclease (CEN) in the acidic subunit of the viral polymerase
complex, resulting in the disruption of viral RNA transcription and
virus replication. Xoflusa (Baloxavir marboxil) can be used for the
treatment or post-exposure prophylaxis of individuals aged one year
and older. Can influenza viruses develop resistance to antiviral drugs?

Neuraminidase inhibitors (oseltamivir and zanamivir) constitute
the primary type of antiviral drugs against influenza. Strains that are
no longer sensitive to the neuraminidase inhibitors are sporadically
detected each season due to mutations in the neuraminidase (NA)
gene. However, resistant viruses that spread to others are very rare.

Matrix-2 (M2) inhibitors such as adamantanes (amantadine and
rimantadine) are authorised at the national level in the EU. However,
resistant mutants to the Matrix-2 (M2) inhibitors have been detected
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and spread globally. All currently circulating influenza type A viruses
are resistant to M2 inhibitors and therefore should not be used for the
treatment of influenza.

The polymerase (PA) inhibitor baloxavir marboxil, which belongs
to a new class of antivirals with different mechanisms of action, has
been approved in the EU/EEA. Reduced sensitivity to this drug due to
mutations in the PA gene has also been observed sporadically.

The analysis of resistance is performed phenotypically by
measuring IC50 values and/or by genotyping of viruses for detection
of known drug resistance mutations, or genotypically by looking for
specific mutations that have been associated with reduced
susceptibility to the drugs.

Antiviral resistance in Europe is monitored by ECDC and the
World Health Organization Regional Office for Europe
(WHO/Europe) based on the reports sent by influenza national
reference laboratories to The European Surveillance System (TESSy).
ECDC routinely collects, analyses and disseminates information on
antiviral resistance from influenza viruses isolated from all the
EU/EEA countries through the FEuropean respiratory virus
surveillance summary (ERVISS).

How are antivirals used against seasonal influenza? The practice
regarding the use of antivirals varies between European countries,
with 21 EU/EEA Member States having national recommendations in
place for influenza antiviral use. According to the ECDC technical
report, 'Seasonal influenza vaccination and antiviral use in EU/EEA
Member States' (2018), 16 EU/EEA countries recommended the use
of neuraminidase inhibitors as treatment for outpatients who might
have a higher risk of severe outcomes of influenza and they are usually
not recommended for otherwise healthy adults with ordinary
influenza. Health professionals typically assess each case individually
to determine the necessity and potential benefits of antiviral treatment.

For people in risk groups (people with chronic disease, pregnant
women, immunocompromised persons, or persons 65 years and
above), the most effective way of preventing serious complications of
influenza is to get vaccinated against influenza. However, people
belonging to a risk group who have contracted an influenza infection
should seek early advice from healthcare professionals who can
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provide guidance on the need for antivirals, as they can shorten the
duration of the illness or reduce the severity of the symptoms.

When are antivirals effective? If [ need them, how quickly should
I take them?

Scientific evidence suggests that antivirals are more effective if
they are taken early on during the illness. Antiviral drugs should be
taken within the first 48 hours of the symptom onset as this is a key
period to inhibit the replication of the virus. The effectiveness of the
antivirals decreases with the time elapsed from the symptom onset.
Early administration of antivirals after contracting an influenza
infection has greater benefits.

However, according to the ECDC expert opinion on the use of
neuraminidase inhibitors for treatment and prevention of influenza, there
is also evidence to suggest they can be beneficial even when started later
than 48 hours after symptom onset, especially in certain settings. This is
particularly relevant in cases involving severe influenza, hospitalized
patients, or those at high risk for complications from influenza. In these
cases, the benefits of starting antiviral treatment may outweigh the
reduced efficacy due to the delayed initiation.

If antivirals are so good, why don't doctors give them out more
often?

There are good reasons for this. If doctors use antivirals a lot, then
the influenza viruses that are circulating may develop resistance to
them. Also, like many other medicines, antivirals against influenza
should be prescribed by doctors based on their clinical assessment and
in adherence to national guidelines and recommendations. Excessive,
inappropriate use of antivirals may also affect their availability during
crises e.g. an influenza pandemic. Some European countries have
policies in place that allow or recommend doctors to use antivirals
against influenza only when it has been shown that influenza is
circulating in the population at a certain level.

Would it not be best if we all had antivirals at home to use when
we need them?

As with antibiotics, antivirals require a medical prescription and
are not over-the-counter drugs. They should be given according to the
national guidelines and taken only under medical supervision. I heard
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that sometimes everyone exposed to influenza has been given
antivirals — why is that?

This may happen in special circumstances where people in a risk
group have been exposed to influenza. The most common situation is
when there is a proven influenza outbreak in a long-term care facility,
a nursing home or a hospital ward. Then antivirals may be given to all
the people at risk as prophylaxis or early treatment.

Do people who have been immunised against influenza still need
antivirals?

Yes, in specific cases as foreseen/indicated by the national
guidelines on the use of antivirals against influenza and according to
medical advice.
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SUPPLEMENTARY READING

Exercise 1. Read and translate the following article.
MICROORGANISMS AS CELLS

The cell is the fundamental unit of life. A single cell is an entity,
isolated from other cells by a cell membrane (and perhaps a cell wall)
and containing within it a variety of chemicals and subcellular
structures. The cell membrane is the barrier that separates the inside
of the cell from the outside. Inside the cell membrane are the various
structures and chemicals that make it possible for the cell to function.
Key structures are the nucleus or nucleoid, where the genetic
information, deoxyribonucleic acid (DNA), needed to make more cells
is stored, and the cytoplasm, where the machinery for cell growth and
function is present.

All cells are made up of four chemical components: proteins,
nucleic acids, lipids, and polysaccharides. Collectively, these are
called macromolecules. It is the chemical nature and arrangement of
macromolecules in a cell of one organism that makes it distinct from
those of another. Although each kind of cell has a definite structure
and size, a cell is a dynamic unit, constantly undergoing change and
replacing its parts. Even when it is not growing, a cell may be
acquiring materials from its environment and incorporating them into
its own fabric. At the same time, it discards waste products into its
environment. A cell is thus an open system, forever changing yet
generally remaining the same.

Where did the first cells come from? In some way the first cell must
have come from a noncell, something before the cell, a procellular
structure. Although evolution of the first cell over 3.8 billion years ago
was an improbable event that may have taken several hundred million
years to occur, once the first cell arose, a series of highly probable
events followed, including growth and division to form populations of
cells from which evolution could select for improvements and
diversification. Then, through billions of years of evolutionary
change, the tremendous diversity of extant cell types that exist today
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arose. And, because all cells are constructed from the four basic
classes of macromolecules mentioned earlier and share many other
traits in common, it is hypothesized that all cells have descended from
a common ancestor, the universal ancestor of all life.

Exercise 2. Put 5 different types of questions to the article to reveal
its main idea.

Exercise 3. Make up the abstract of the following text.

* %k ok ok ok

Exercise 1. Read, translate and be ready to retell the following texts.

THE FANTASTIC WORLD

Microbiology is the study of microorganisms, which are
microscopic and unicellular organisms. This includes eukaryotes such
as fungi and protists, and prokaryotes. Viruses, though not classed as
living organisms, are also studied. Microbiology typically includes the
study of the immune system, or Immunology. And immune systems
obviously interact with pathogenic microbes.

Microbiology  includes virology, mycology, parasitology,
bacteriology and other branches. Microbiological procedures usually
must be aseptic, and use a variety of tools such as light microscopes with
a combination of stains and dyes, agar plates in petri dishes, biochemical
test and running tests against particular growth conditions.

Microbiology is researched actively. Many microbes are
responsible for beneficial processes such as industrial fermentation,
antibiotic production and others.

Bacteria can be used for the industrial production of amino acids.
Corynebacterium glutamicum is one of the most important bacterial
species with an annual production of more than two million tons of
amino acids.

A variety of biopolymers, such as polysaccharides, polyesters, and
polyamides, are produced by microorganisms. Microorganisms are
used for the biotechnological production of biopolymers with tailored
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properties suitable for high-value medical application such as tissue
engineering and drug delivery.

Microorganisms are beneficial for microbial biodegradation of
domestic, agricultural and industrial wastes. The ability of each
microorganism to degrade toxic waste depends on the nature of each
contaminant.

There are also various claims concerning the contributions to
human and animal health by consuming probiotics (bacteria
potentially beneficial to the digestive system) and/or prebiotics
(substances consumed to promote the growth of probiotic
microorganisms). Recent research has suggested that microorganisms
could be useful in the treatment of cancer.

THE CELL CYCLE

Despite differences between prokaryotes and eukaryotes, there are
several common features in their cell division processes. Replication
of the DNA must occur. Segregation of the "original" and its "replica"
follow. Cytokinesis ends the cell division process. Whether the cell
was eukaryotic or prokaryotic, these basic events must occur.

Cytokinesis 1is the process where one cell splits off from its sister
cell. It usually occurs after cell division. The Cell Cycle is the
sequence of growth, DNA replication, growth and cell division that all
cells go through. Beginning after cytokinesis, the daughter cells are
quite small and low on ATP. They acquire ATP and increase in size
during the G1 phase of Interphase. Most cells are observed in
Interphase, the longest part of the cell cycle. After acquiring sufficient
size and ATP, the cells then undergo DNA Synthesis (replication of
the original DNA molecules, making identical copies, one "new
molecule" eventually destined for each new cell) which occurs during
the S phase. Since the formation of new DNA is an energy draining
process, the cell undergoes a second growth and energy acquisition
stage, the G2 phase. The energy acquired during G2 is used in cell
division (in this case mitosis).

Regulation of the cell cycle is accomplished in several ways. Some
cells divide rapidly (beans, for example take 19 hours for the complete
cycle; red blood cells must divide at a rate of 2.5 million per second).
Others, such as nerve cells, lose their capability to divide once they
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reach maturity. Some cells, such as liver cells, retain but do not
normally utilize their capacity for division. Liver cells will divide if
part of the liver is removed. The division continues until the liver
reaches its former size.

Cancer cells are those which undergo a series of rapid divisions
such that the daughter cells divide before they have reached
"functional maturity”. Environmental factors such as changes in
temperature and pH, and declining nutrient levels lead to declining cell
division rates. When cells stop dividing, they stop usually at a point
late in the G1 phase, the R point (for restriction).

PROKARYOTIC CELL DIVISION

Prokaryotes are much simpler in their organization than are
eukaryotes. There are a great many more organelles in eukaryotes, also
more chromosomes. The usual method of prokaryote cell division is
termed binary fission. The prokaryotic chromosome is a single DNA
molecule that first replicates, then attaches each copy to a different
part of the cell membrane. When the cell begins to pull apart, the
replicate and original chromosomes are separated. Following cell
splitting (cytokinesis), there are then two cells of identical genetic
composition (except for the rare chance of a spontaneous mutation).

The prokaryote chromosome is much easier to manipulate than the
eukaryotic one. We thus know much more about the location of genes
and their control in prokaryotes.

One consequence of this asexual method of reproduction is that all
organisms in a colony are genetic equals. When treating a bacterial
disease, a drug that kills one bacteria (of a specific type) will also kill
all other members of that clone (colony) it comes in contact with.

EUKARYOTIC CELL DIVISION
Due to their increased numbers of chromosomes, organelles and
complexity, eukaryote cell division is more complicated, although the
same processes of replication, segregation, and cytokinesis still occur.

MITOSIS
Mitosis is the process of forming (generally) identical daughter
cells by replicating and dividing the original chromosomes, in effect
making a cellular xerox. Commonly the two processes of cell division
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are confused. Mitosis deals only with the segregation of the
chromosomes and organelles into daughter cells.

Eukaryotic chromosomes occur in the cell in greater numbers than
prokaryotic chromosomes. The condensed replicated chromosomes
have several points of interest. The kinetochore is the point where
microtubules of the spindle apparatus attach. Replicated chromosomes
consist of two molecules of DNA (along with their associated histone
proteins) known as chromatids. The area where both chromatids are in
contact with each other is known as the centromere the kinetochores
are on the outer sides of the centromere. Remember that chromosomes
are condensed chromatin (DNA plus histone proteins).

During mitosis replicated chromosomes are positioned near the
middle of the cytoplasm and then segregated so that each daughter cell
receives a copy of the original DNA (if you start with 46 in the parent
cell, you should end up with 46 chromosomes in each daughter cell).
To do this (cells utilize microtubules (referred to as the spindle
apparatus) to "pull" chromosomes into each "cell". The microtubules
have the 9+2 arrangement discussed earlier. Animal cells (except for
a group of worms known as nematodes) have a centriole. Plants and
most other eukaryotic organisms lack centrioles. Prokaryotes, of
course, lack spindles and centrioles; the cell membrane assumes this
function when it pulls the by-then replicated chromosomes apart
during binary fission. Cells that contain centrioles also have a series
of smaller microtubules, the aster, that extend from the centrioles to
the cell membrane. The aster is thought to serve as a brace for the
functioning of the spindle fibers.

The phases of mitosis are sometimes difficult to separate.
Remember that the process is a dynamic one, not the static process
displayed of necessity in a textbook.

MEIOSIS
Sexual reproduction occurs only in eukaryotes. During the formation
of gametes, the number of chromosomes is reduced by half, and returned
to the full amount when the two gametes fuse during fertilization.

PLOIDY
Haploid and diploid are terms referring to the number of sets of
chromosomes in a cell. Gregor Mendel determined his peas had two
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sets of alleles, one from each parent. Diploid organisms are those with
two (di) sets. Human beings (except for their gametes), most animals
and many plants are diploid.

We abbreviate diploid as 2n. Ploidy is a term referring to the
number of sets of chromosomes. Haploid organisms/cells have only
one set of chromosomes, abbreviated as n. Organisms with more than
two sets of chromosomes are termed polyploid. Chromosomes that
carry the same genes are termed homologous chromosomes. The
alleles on homologous chromosomes may differ, as in the case of
heterozygous individuals. Organisms (normally) receive one set of
homologous chromosomes from each parent.

Meiosis is a special type of nuclear division which segregates one
copy of each homologous chromosome into each new "gamete".
Mitosis maintains the cell's original ploidy level (for example, one
diploid 2n cell producing two diploid 2n cells; one haploid n cell
producing two haploid n cells; etc.). Meiosis, on the other hand,
reduces the number of sets of chromosomes by half, so that when
gametic recombination (fertilization) occurs the ploidy of the parents
will be reestablished.

Most cells in the human body are produced by mitosis. These are
the somatic (or vegetative) line cells. Cells that become gametes are
referred to as germ line cells. The vast majority of cell divisions in the
human body are mitotic, with meiosis being restricted to the gonads.

LIFE CYCLES

Life cycles are a diagrammatic representation of the events in the
organism's development and reproduction. When interpreting life
cycles, pay close attention to the ploidy level of particular parts of the
cycle and where in the life cycle meiosis occurs. For example, animal
life cycles have a dominant diploid phase, with the gametic (haploid)
phase being a relative few cells. Most of the cells in your body are
diploid, germ line diploid cells will undergo meiosis to produce
gametes, with fertilization closely following meiosis. Plant life cycles
have two sequential phases that are termed alternation of generations.
The sporophyte phase is "diploid", and is that part of the life cycle in
which meiosis occurs. However, many plant species are thought to
arise by polyploidy, and the use of "diploid" in the last sentence was
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meant to indicate that the greater number of chromosome sets occur in
this phase. The gametophyte phase is "haploid", and is the part of the
life cycle in which gametes are produced (by mitosis of haploid cells).
In flowering plants (angiosperms) the multicelled visible plant (leaf,
stem, etc.) is sporophyte, while pollen and ovaries contain the male
and female gametophytes, respectively. Plant life cycles differ from
animal ones by adding a phase (the haploid gametophyte) after meiosis
and before the production of gametes.

Many protists and fungi have a haploid dominated life cycle. The
dominant phase is haploid, while the diploid phase is only a few cells
(often only the single celled zygote, as in Chlamydomonas). Many
protists reproduce by mitosis until their environment deteriorates, then
they undergo sexual reproduction to produce a resting zygotic cyst.

PHASES OF MEIOSIS

Two successive nuclear divisions occur, Meiosis I (Reduction) and
Meiosis II (Division). Meiosis produces 4 haploid cells. Mitosis
produces 2 diploid cells. The old name for meiosis was reduction/
division. Meiosis I reduces the ploidy level from 2n to n (reduction)
while Meiosis II divides the remaining set of chromosomes in a
mitosis-like process (division). Most of the differences between the
processes occur during Meiosis 1.

COMPARISON OF MITOSIS AND MEIOSIS
Mitosis maintains ploidy level, while meiosis reduces it. Meiosis
may be considered a reduction phase followed by a slightly altered
mitosis. Meiosis occurs in a relatively few cells of a multicellular
organism, while mitosis is more common.

Exercise 2. Provide the evaluative aspects of the given texts.

Exercise 3. Answer the following questions.
1. What is the fundamental structural unit of all organisms?
2. Where do reside the genetic material?
3. What is mitosis?
4. What are the activities performed by all organisms?
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Exercise 1. Read and translate the text in writing.

CONCENTRATION GRADIENTS

Cells have a pretty sophisticated cell membrane, which acts as a
barrier to the outside world. We've described this membrane as
selectively permeable, meaning not just anything can get through it.
The key to this phrase is that the cell membrane is selective, but not
impermeable. This is something like how you would keep your home.
The walls of your house create a boundary and define the space, but
there are still doors and there are windows through which you can let
in your friends or some fresh air on a summer's day.

So, what crosses a cell membrane and why? There are several types
of ways to transport things across a cell membrane. When and how
things travel depends largely on the concentration of solutes in your
cells, or the dissolved molecules. Let's present the methods of
transporting solutes across a concentration gradient.

A concentration gradient is a gradual difference in solute concentration
between two areas. In this case, it's the difference in solute concentration
between the outside of the cell and the inside of the cell. Solutes here would
move by diffusion, or movement from a higher concentration of solutes to
a lower concentration of solutes in order to equalize solute concentration.
This evens out the concentration on both sides.

This is like what happens when you leave the windows of your
house open while your neighbor is having a barbeque. The smell might
diffuse from next door, where the smell is stronger in the air, into your
house, where, unfortunately, there are no hamburgers on the grill.
Diffusion occurs until the inside of your house smells like the outside.

PASSIVE TRANSPORT: SIMPLE DIFFUSION
Diffusion across a cell membrane is a type of passive transport, or
transport across the cell membrane that does not require energy.
Remember that the cell membrane is a phospholipid bilayer. Although
the inside and the outside of a cell are both water-based, there is a
hydrophobic region in the middle, and this is an important barrier to
anything large, charged, or hydrophilic. Molecules that are
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hydrophobic, just like the hydrophobic region, can pass through the
cell membrane by simple diffusion.

Therefore, simple diffusion is the unassisted passage of small,
hydrophobic, nonpolar molecules from higher concentration to a
lower concentration. Very small molecules can slip through the cell
membrane, too, even if they are hydrophilic — just like a few ants might
crawl through a crack in the wall just because they're tiny.

PASSIVE TRANSPORT: FACILITATING DIFFUSION

So how do large, charged, or hydrophilic molecules pass through
the cell membrane if they can't simply just diffuse in? Think of how
your friends come into your house. Under most circumstances, they'll
use a door. A package delivered at your residence would come through
your door, too, but it would need someone to carry it in. A fly might
come through an open window on its own, while a squirrel could come
down your chimney! There are different types of passageways into the
cell just like there are different ways to get into your home, depending
on who or what is trying to get through. Each method of passage
through the cell membrane might be useful to different molecules.

Facilitated diffusion is passive transport that uses integral
membrane proteins to help larger, charged, hydrophilic, and polar
molecules across a concentration gradient. Remember that integral
membrane proteins span the phospholipid bilayer, connecting the
inside and the outside of the cell.

There are two types of integral membrane proteins that help
transport molecules, like ions and polar molecules, that can't diffuse
on their own through the hydrophobic layer. The first are carrier
proteins, which are proteins that bind a molecule to facilitate transport
through a cell membrane. The second are channel proteins, which are
proteins that create a passageway to transport molecules and ions
through the cell membrane. This channel protein creates a pore
through the hydrophobic region that allows polar molecules to just
pass right through.

Exercise 2. Discuss with your partner informative aspect of the text.

Exercise 3. Make up an abstract of the following text in Ukrainian.
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Exercise 1. Read the following text.

EVOLUTION. THEORY OF EVOLUTION

Morgan was interested in evolution throughout his life. He wrote
his thesis on the phylogeny of sea spiders (pycnogonids) and wrote
four books about evolution. In Evolution and Adaptation (1903), he
argued the anti-Darwinist position that selection could never produce
wholly new species by acting on slight individual differences. He
rejected Darwin's theory of sexual selection and the Neo-Lamarckian
theory of the inheritance of acquired characters. Morgan was not the
only scientist attacking natural selection. The period 1875-1925 has
been called "The eclipse of Darwinism". After discovering many small
stable heritable mutations in Drosophila, Morgan gradually changed
his mind. The relevance of mutations for evolution is that only
characters that are inherited can have an effect in evolution. Since
Morgan (1915) solved the problem of heredity', he was in a unique
position to examine critically Darwin's theory of natural selection.

In "A Critique of the Theory of Evolution" (1916), Morgan
discussed questions such as: "Does selection play any role in
evolution? How can selection produce anything new? Is selection no
more than the elimination of the unfit? Is selection a creative force?"
After eliminating some misunderstandings and explaining in detail the
new science of Mendelian heredity and its chromosomal basis,
Morgan concludes, "The evidence shows clearly that the characters of
wild animals and plants, as well as those of domesticated races, are
inherited both in the wild and in domesticated forms according to the
Mendel's Law". Evolution has taken place by the incorporation into
the race of those mutations that are beneficial to the life and
reproduction of the organism" Injurious mutations have practically no
chance of becoming established. Far from rejecting evolution, as the
title of his 1916 book may suggest, Morgan laid the foundation of the
science of genetics. He also laid the theoretical foundation for the
mechanism of evolution: natural selection. Heredity was a central
plank of Darwin's theory of natural selection, but Darwin could not
provide a working theory of heredity. Darwinism could not progress
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without a correct theory of genetics. By creating that foundation,
Morgan contributed to the neo-Darwinian synthesis, despite his
criticism of Darwin at the beginning of his career. Much work on the
Evolutionary Synthesis remained to be done.

Evolution is the change in the inherited characteristics of biological
populations over successive generations. Evolutionary processes give
rise to diversity at every level of biological organization, including
species, individual organisms and molecules such as DNA and
proteins. All life on Earth is descended from a last universal ancestor
that lived approximately 3.8 billion years ago. Repeated speciation
and the divergence of life can be inferred from shared sets of
biochemical and morphological traits, or by shared DNA sequences.
These homologous traits and sequences are more similar among
species that share a more recent common ancestor, and can be used to
reconstruct evolutionary histories, using both existing species and the
fossil record. Existing patterns of biodiversity have been shaped both
by speciation and by extinction.

Charles Darwin was the first to formulate a scientific argument for
the theory of evolution by means of natural selection. Evolution by
natural selection is a process inferred from three facts about
populations: 1) more offspring are produced than can possibly survive,
2) traits vary among individuals, leading to different rates of survival
and reproduction, and 3) trait differences are heritable. Thus, when
members of a population die, they are replaced by the progeny of
parents better adapted to survive and reproduce in the environment in
which natural selection takes place. This process creates and preserves
traits that are seemingly fitted for the functional roles they perform.
Natural selection is the only known cause of adaptation, but not the
only known cause of evolution. Other, nonadaptive causes of
evolution include mutation and genetic drift.

In the early 20th century, genetics was integrated with Darwin's
theory of evolution by natural selection through the discipline of
population genetics. The importance of natural selection as a cause of
evolution was accepted into other branches of biology. Moreover,
previously held notions about evolution, such as orthogenesis and
"progress" became obsolete. Scientists continue to study various
aspects of evolution by forming and testing hypotheses, constructing
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scientific theories, using observational data, and performing
experiments in both the field and the laboratory. Biologists agree that
descent with modification is one of the most reliably established facts
in science. Discoveries in evolutionary biology have made a
significant impact not just within the traditional branches of biology,
but also in other academic disciplines (e.g., anthropology and
psychology) and on society at large.

HEREDITY. FURTHER INFORMATION:
INTRODUCTION TO GENETICS,
HEREDITY AND NORMS OF REACTION.

Evolution in organisms occurs through changes in heritable traits —
particular characteristics of an organism. In humans, for example, eye
colour is an inherited characteristic and an individual might inherit the
"brown-eye trait" from one of their parents. Inherited traits are
controlled by genes and the complete set of genes within an organism's
genome is called its genotype.

The complete set of observable traits that make up the structure and
behaviour of an organism is called its phenotype. These traits come
from the interaction of its genotype with the environment. As a result,
many aspects of an organism's phenotype are not inherited. For
example, suntanned skin comes from the interaction between a
person's genotype and sunlight; thus, suntans are not passed on to
people's children. However, some people tan more easily than others,
due to differences in their genotype; a striking example are people with
the inherited trait of albinism, who do not tan at all and are very
sensitive to sunburn.

Heritable traits are passed from one generation to the next via DNA,
a molecule that encodes genetic information. DNA is a long polymer
composed of four types of bases. The sequence of bases along a
particular DNA molecule specify the genetic information, in a manner
similar to a sequence of letters spelling out a sentence. Before a cell
divides, the DNA is copied, so that each of the resulting two cells will
inherit the DNA sequence. Portions of a DNA molecule that specify a
single functional unit are called genes; different genes have different
sequences of bases. Within cells, the long strands of DNA form
condensed structures called chromosomes. The specific location of a
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DNA sequence within a chromosome is known as a locus. If the DNA
sequence at a locus varies between individuals, the different forms of
this sequence are called alleles. DNA sequences can change through
mutations, producing new alleles. If a mutation occurs within a gene,
the new allele may affect the trait that the gene controls, altering the
phenotype of the organism. However, while this simple correspondence
between an allele and a trait works in some cases, most traits are more
complex and are controlled by multiple interacting genes.

Recent findings have confirmed important examples of heritable
changes that cannot be explained by changes to the sequence of
nucleotides in the DNA. These phenomena are classed as epigenetic
inheritance systems. DNA methylation marking chromatin, self-
sustaining metabolic loops, gene silencing by RNA interference and
the three-dimensional conformation of proteins (such as prions) are
areas where epigenetic inheritance systems have been discovered at
the organismic level. Developmental biologists suggest that complex
interactions in genetic networks and communication among cells can
lead to heritable variations that may underlay some of the mechanics
in developmental plasticity and canalization. Heritability may also
occur at even larger scales. For example, ecological inheritance
through the process of niche construction is defined by the regular and
repeated activities of organisms in their environment. This generates
a legacy of effects that modify and feed back into the selection regime
of subsequent generations. Descendants inherit genes plus
environmental characteristics generated by the ecological actions of
ancestors. Other examples of heritability in evolution that are not
under the direct control of genes include the inheritance of cultural
traits and symbiogenesis.

CAUSES AND RESULTS

OF THE CHROMOSOME THEORY OF INHERITANCE

We take it for granted today that DNA is the genetic material, and
therefore our genes must be located on chromosomes. But like all
facts in science, this idea had to be repeatedly tested and found to be
true before it could be accepted as fact. The chromosome theory of
inheritance, or the idea that genes are located on chromosomes, was
proposed based on experiments by Thomas Hunt Morgan using
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Drosophila melanogaster, or fruit flies. Drosophila are like humans in
that an individual with two X chromosomes is female and an
individual with one X and one Y chromosome is male (many
organisms have other ways of determining gender).

The results of Morgan's experiment support the chromosome
theory of inheritance because the only way to explain them is if the
eye color gene is on the X chromosome. This is sex-linkage, or
inheritance of genes that are on the sex chromosomes (X and Y). Sex-
linked traits show interesting inheritance patterns in part because
females have two copies of each X chromosome, but males only have
one. This inheritance pattern means that a male with the recessive
allele will always show the recessive trait, because he only has one
copy of the allele. In contrast, most genes are located on the
autosomes, or non sex chromosomes, where both males and females
have two copies of each gene. Recall that all the patterns of inheritance
observed by Mendel, including the principle of segregation and the
principle of independent assortment are explained by the behavior of
chromosomes during meiosis. These principles are part of the
chromosome theory of inheritance.

Thus, one of the important steps in the development of genetics
associated with the success of cytological studies, complete the proof
of the fact that the carriers of hereditary factors are the chromosomes.
Morgan formulated and experimentally proved the position of linked
genes in the chromosomes. In particular, genetic methods were found
four linkage groups in Drosophila melanogaster, which coincided with
the data of cytology. Next in line was a question about the order of
genes in the chromosomes.

VARIATION

An individual organism's phenotype results from both its genotype
and the influence from the environment it has lived in. A substantial
part of the variation in phenotypes in a population is caused by the
differences between their genotypes. The modern evolutionary
synthesis defines evolution as the change over time in this genetic
variation. The frequency of one particular allele will become more or
less prevalent relative to other forms of that gene. Variation disappears
when a new allele reaches the point of fixation — when it either
disappears from the population or replaces the ancestral allele entirely.
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Natural selection will only cause evolution if there is enough
genetic variation in a population. Before the discovery of Mendelian
genetics, one common hypothesis was blending inheritance. But with
blending inheritance, genetic variance would be rapidly lost, making
evolution by natural selection implausible. The Hardy-Weinberg
principle provides the solution to how variation is maintained in a
population with Mendelian inheritance. The frequencies of alleles
(variations in a gene) will remain constant in the absence of selection,
mutation, migration and genetic drift. Variation comes from mutations
in genetic material, reshuffling of genes through sexual reproduction
and migration between populations (gene flow). Despite the constant
introduction of new variation through mutation and gene flow, most
of the genome of a species is identical in all individuals of that species.
However, even relatively small differences in genotype can lead to
dramatic differences in phenotype: for example, chimpanzees and
humans differ in only about 5% of their genomes.

Gregor Mendel's principles of inheritance form the cornerstone of
modern genetics: explain the significant importance of Mendel's
discovery and enumerate Mendel's Laws of Inheritance.

The way in which traits are passed from one generation to the next-
and sometimes skip generations-was first explained by Gregor
Mendel. By experimenting with pea plant breeding, Mendel developed
three principles of inheritance that described the transmission of
genetic traits, before anyone knew genes existed. Mendel's insight
greatly expanded the understanding of genetic inheritance, and led to
the development of new experimental methods.

Mendel's laws form the theoretical basis of our understanding of
the genetics of inheritance. Mendel made two innovations to the
science of genetics: developed pure lines, counted his results and kept
statistical notes. After eight years of tedious experiments with these
plants, Mendel proposed three foundational principles of inheritance.
Today, whether you are talking about pea plants or human beings,
genetic traits that follow the rules of inheritance that Mendel proposed
are called Mendelian, these are Mendel's First Law of Genetics (Law
of Segregation), Mendel's Second Law (Law of Independent
Assortment) and finally, Mendel's Third Law or Law of Dominance.
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Not all organisms pass on genes in the same way as the garden pea
plant. However, many organisms do indeed show inheritance patterns
similar to the seminal ones described by Mendel in the pea. In fact, the
three principles of inheritance that Mendel laid out have had far greater
impact than his original data from pea plant manipulations. To this
day, scientists use Mendel's principles to explain the most basic
phenomena of inheritance.

Exercise 2. Write the summary of the article.

Exercise 3. State the main idea of each passage of the article given
above and support your ideas. Look through the article and write
down its summary.
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Exercise 1. Read and render the article.

ENGINEERED PEA SEEDS PROTECT AGAINST PARASITES

A breed of pea seeds has been created that contains antibodies
against coccidiosis, a disease caused by a parasite that attacks
chickens. Researchers writing in the open access journal BMC
Biotechnology describe the development of the GM seeds, and
demonstrate their effectiveness in preventing this economically
important illness.

Sergej Kiprijanov worked with a team of researchers from
Novoplant GmbH, Germany, to develop the seeds. He said, "There are
a few major issues precluding the use of monoclonal antibodies for
passive immunization of chickens against infectious diseases, primarily
the costs of antibody production and treatment. Treatment costs are high
because antibodies must normally be given intravenously; otherwise,
they are destroyed in the animal's gut. By expressing the antibodies
inside pea seeds, they are protected from this degradation — allowing our
system to dramatically reduce treatment costs".

The researchers found that chickens infected with the parasite and
allowed to eat the antibody-containing pea seeds, shredded into their
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feed, were significantly less likely to contract coccidiosis than
chickens fed ordinary pea seeds in their fodder. Kiprijanov said,
"Compared with methods of active vaccination, the passive
immunization strategy described here is an easy and non-invasive
method to use in commercial settings. The cost of production is
comparatively low, utilizing current agriculture technologies, and the
strategy can be used in combination with other antiparasitic agents".
www.biology-online.org

Exercise 2. Define the main parts of the article given above
(introduction, methods, results and conclusion).

Exercise 3. Translate the following sentences.
1. l'enemuuna indicenepiss donomaeac ompumamu JiKu, sKi
HEeMOJNCIUBO NPULOMYBAMU MPAOUYIUHUMY MEXHOA02IAMU.
2. Biomexnonozii moacymo epsamysamu 1o0ei 8i0 X60poo
3. Ipayroiime 3 yumu 0obpueamu 6 iabopamopii obepesicHo ma
nio Ha2AA00M BUKIAOAYA.
4. Cenexyionepu 3acmocogyiomv mpaouilini 0iomexHoa02iuHi
MemoOuKU RIOBUUEHHSL 8POICALB.
5. 0608'a3k0680 sumuxanme yci npunadu, Koau HOKUOAEme
aabopamopiio.
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Exercise 1. Read and translate the article.

BASIC THINGS ABOUT HIV AND AIDS.

THE MOST COMMON WAYS OF HIV TRANSMISSION

HIV enters the body through open cuts, sores or breaks in the skin;
through mucous membranes, such as those inside the anus or vagina; or
through direct injection. There are several ways by which this can happen:

a) Sexual contact with an infected person. Anal or vaginal
intercourse without a condom with a partner who is either positive or
does not know his or her HIV status account for the vast majority of
sexually-transmitted HIV cases in the U.S. and elsewhere. Oral sex is
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not an efficient route of HIV transmission. To learn more about the
"theoretical risk" of oral sex and HIV transmission, click here.
Kissing, massage, masturbation and "hand jobs" do not spread HIV.
More information about safer sex to help prevent HIV transmission
can be found here.

b) Sharing needles, syringes or other injection equipment with
someone who is infected. Information on safer injecting to help
prevent the spread of HIV can be found here.

¢) Mother-to-child transmission. Babies born to HIV-positive
women can be infected with the virus before or during birth, or through
breastfeeding after birth. More information about HIV and pregnancy
can be found here.

d) Transmission in health care settings. Healthcare professionals
have been infected with HIV in the workplace, usually after being
stuck with needles or sharp objects containing HIV-infected blood. As
for HIV-positive healthcare providers infecting their patients, there
have only been six documented cases, all involving the same HIV-
positive dentist in the 1980s.

e) Transmission via donated blood or blood clotting factors.
However, this is now very rare in countries where blood is screened
for HIV antibodies, including in the United States.

HOW HIV INFECTS CELL

HIV is a retrovirus, which means it carries single-stranded RNA is
its genetic material rather than the double-stranded DNA human cells
carry. Retroviruses also have the enzyme reverse transcriptase, which
allow it to copy RNA into DNA and use that DNA "copy" to infect
human, or host, cells. When HIV infects a cell, it first attaches to and
fuses with the host cell. Then the viral RNA is converted into DNA
and the virus uses the host cell's machinery to replicate itself during a
process called reverse transcription. The new copies of HIV then leave
the host cell and move on to infect other cells.

Exercise 2. Write a synopsis using the content words of the
following article.
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Exercise 3. Answer the questions.
1. What is similar between HIV and AIDS?
2. What are the common ways of HIV transmission?
3. Is HIV a retrovirus or doubleOstranded DNA cell?
4. What is the viral RNA?

% %k %k ok 3k

Exercise 1. Read and translate the article.

APPLICATION OF NANOBIOTECHNOLOGY

Applications of nanobiotechnology include creation of targeted
nanomachines for use in nanomedicine, applications of self-assembly
to create new biomaterials, creation of molecular motors, DNA
computers, artificial life, and biosensors. Nanoparticles can be loaded
with various drugs in order to increase the efficiency of their delivery
allowing targeted delivery to a specific place in the body. Due to their
small size nanoparticles are able to remain in the blood circulation for
a longer duration of time as compared to microparticles and other
traditional drug delivery systems.

WHAT ARE THE BENEFITS OF NANOPARTICLES,
COMPARING TO THE MACROPARTICLES?
Nanomedicine uses nano sized materials in an innovative ways to
develop new approaches and treatments. Because of its small size,
structure and large surface area, nanoscale materials acquire different
physical and chemical properties. These properties allow systems of
nanoparticles to overcome existing limitations of conventional forms,
as they facilitate intracellular transport to specific cellular targets.
Nanostructured materials have dimensions from 1 to 100 nm and
show unique properties and functions because of the "size effect".
Since the most biologically active macromolecules and substances
such as viruses and membrane protein complexes are natural
nanostructures, it is assumed that nanoscale structures are capable of
enhanced interaction with cell membranes and proteins.
Nanomaterials in medicine are used for targeted drug delivery, cancer
treatment and clinical bioanalytical diagnosis and therapy.
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There are limitations in the amount of the particles passage through
the barrier of the intestinal mucosa of the gastrointestinal (GI) tract
after oral administration of drugs. Macroparticles often do not pass
through the barrier mucosa due to their large size, which makes it
impossible for their uptake by cells. Nanoparticles have an advantage
in comparison to macroparticles due to their nanoscale size.

What are the base and the use of nanobiotechnology?

The basic factors that influenced the occurrence, formation and
development of nanobiotechnology are: high growth in the
development of scientific disciplines such as microbiology, molecular
biology, and engineering, protein engineering, and, in fact,
biotechnology, which combines data subjects, as well as strong growth
in development of materials science, electronics and other areas of
nanotechnology and nanoscience nanoengineering, which is the
fundamental basis of physics.

Currently, nanobiotechnology has formed three areas, the
development of which is now at a rapid rate. These are: nanomedicine
and biomimetics.

Molecular nanomedicine. Basic research in this area are the study
and creation of the following: lab on a chip, targeted delivery of drugs
to diseased cells, new bactericidal and antiviral drugs and diagnose
diseases by using quantum dots.

Biomimetics includes the creation of nanostructures of protein use
in the construction of DNA and RNA molecules and work with viruses
when creating nanomachines.

BIOCHEMISTRY LABORATORY
Part One

What is a biochemistry laboratory?

A biochemistry lab is a facility in which people can perform tasks
related to the study of biochemistry. Biochemistry labs have
equipment which can be used to explore various topics in
biochemistry, along with space for storage of specimens, experiments,
and other activities. Such labs can be found in colleges and universities
with biochemistry departments, along with institutions which perform
biochemistry research, and as standalone structures which perform
research and analysis. Basic facilities for biochemistry can also be
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found in some criminal laboratories, as many topics in biochemistry
are useful in the analysis and evaluation of evidence.

What are the basic components of science research labs?

All biochemistry labs have the basic components of science
research labs, such a pH meter, a balance for weighing out chemicals,
a variety of buffers and other chemicals, and refrigerators and freezers
for storing supplies. They also have a special freezer kept at -94° F (-
70° C) for the long-term storage of proteins and tissues. Such facilities
have centrifuges and access to an ultracentrifuge. An ice machine is
generally essential for generating ice to keep enzymes and reagents
chilled and stable. Virtually all biochemistry labs have gel
electrophoresis supplies for examining proteins, along with the
equipment for running Western blots.

What is FPLC?

A protein biochemistry laboratory may have a fast-pressure liquid
chromatography (FPLC) system to purify large amounts of protein to
study. It would have a variety of gel matrices, with differing chemical
properties to use with the FPLC to separate the proteins. There would
be glass columns of varying proportions to hold the matrices. Protein
biochemistry laboratories generally have a cold room, so that proteins
can be isolated and purified at cold temperatures to keep them stable.

Do the biochemistry labs have special equipment to work with
microorganisms?

The lab would have agar, which forms a gel that the microorganisms
grow on. There would be a variety of other of supplies for media, and
antibiotics for growing up the genetically-altered microorganisms. It
would have incubators and shakers that could be warmed up to grow
bacteria or yeast. Also necessary is access to an autoclave, to sterilize the
supplies for growth and RNA manipulation, and to destroy the
recombinant material after the experiments are finished.

What does clinical biochemistry usually receive?

Clinical Biochemistry usually receives serum or plasma. They test
the serum for chemicals present in blood. These include a wide array
of substances, such as lipids, blood sugar, enzymes, and hormones.

A biochemistry lab is a facility in which people can perform tasks
related to the study of biochemistry. Biochemistry labs have
equipment which can be used to explore various topics in
biochemistry, along with space for storage of specimens, experiments,
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and other activities. Such labs can be found in colleges and universities
with biochemistry departments, along with institutions which perform
biochemistry research, and as standalone structures which perform
research and analysis. Basic facilities for biochemistry can also be
found in some criminal laboratories, as many topics in biochemistry
are useful in the analysis and evaluation of evidence. A typical
biochemistry lab includes workbenches for people to use, with
equipment like spectrometers, microscopes, DNA sequencers,
imagers, chromatographs, computers, and electrophoresis equipment,
along with tools which can be used to manipulate samples. The lab
also has protections such as fume hoods and isolation boxes to protect
people from hazardous substances, along with storage space and
specially equipped facilities like cold rooms and negative pressure
rooms. The biochemistry lab may be attached to offices used by
scientists affiliated with the lab Accidents and Injuries.

Accident is an unexpected event, typically sudden in nature and
associated with injury, loss, or harm. Accidents are a common feature
of the human experience and result in injury or permanent disability
to large numbers of people worldwide every year. Many accidents also
involve damage to or loss of property. Accidents can occur anywhere,
including in the home, during transportation, in the hospital, on the
sports field, or in the workplace. With appropriate safety precautions
and awareness of one's actions and environment, many accidents can
be avoided or prevented.

Exercise 2. Put 5 special questions to the text to cover the details of
revealed information.

Exercise 3. Answer the following questions.
1. What types of laboratories do you know?
2. What is biochemistry laboratory?
3. Do the biochemistry labs have special equipment?
4. What are the components of science research labs?
5. What is nanobiotechnology and how can we apply it?
6. What is the main difference between nanoparticles and
macroparticles?
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Exercise 1. Read and retell the following article.

Motor VEHICLE ACCIDENTS

Worldwide, motor vehicle accidents are a major cause of death,
and, despite improvements in automobile safety, projections have
indicated that deaths from traffic crashes will increase significantly by
2030 because of increased motor vehicle ownership. Examples of
causes of traffic accidents include speeding, drunk driving, distracted
driving, and inexperienced driving. Although seat belts can save lives,
millions of people fail to use them. Likewise, helmets are an effective
means of protecting motorcyclists from traumatic brain injury and
death, yet many riders choose not to wear a helmet.

Motor vehicle accidents result in a wide range of injuries and often
in permanent disability. In an attempt to limit some of this damage, laws
in places around the world have been enacted specifically to improve
road safety. For example, some U.S. states have imposed universal
helmet laws, requiring all motorcycle riders and passengers to wear
protective helmets. Some governments impose fines on automobile
drivers and passengers who do not use seat belts. Accidents involving
buses are also responsible for injuries to large numbers of people, and
this has led to mandatory seat belt use in some places. Safety features
on cars, including seat belts, side-impact reinforcement, and air bags,
have contributed to fewer injuries and deaths. Certain changes in the
design of car bumpers and windshields have been aimed at causing less
harm to pedestrians who may be hit. Preventive measures, such as
campaigns on the dangers of drunk driving, enforcement of speed limits,
the use of cameras to catch traffic law violators, and education of
children about road safety, have helped raise public awareness about the
importance of safety precautions on the road.

SPORTS ACCIDENTS

Accidents during sports have long been the cause of debilitating
injuries. Since the rise of modern organized sports in the 18th century,
all sports—especially those involving contact, such as boxing,
American football, and rugby—have witnessed crippling injuries,
disability, and death. Sports in which an individual is elevated off the
ground, such as horseback riding, mountain climbing, and rappelling,
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account for a high number of head and spinal injuries as well as
fractures. From the latter part of the 20th century, the number of sports
that deliberately court danger, the so-called extreme sports, grew
rapidly and resulted in a concomitant number of injuries.

For some sports, changes in rules and safety equipment have
helped to reduce the incidence and severity of accidents on the sports
field. However, such action does not eradicate injury. For example,
despite more stringent penalties for illegal checking in ice hockey and
helmet-to-helmet contact in American football, concussion remains a
major source of long-term disability in those sports.

ACCIDENTS IN THE HOME

The home is a site for many accidents. Stairways, bathrooms, and
kitchens pose special hazards, as do utility closets, medicine cabinets,
gardens, and swimming pools. Among children under age five, falls,
burns, choking, poisoning, and drowning are common causes of injury
or death at home. Falls are also common among older individuals.

A number of factors may precipitate accidents in the home. Poor
supervision or poor housing conditions can increase the risk of
accidents in the home for children. For example, unsupervised
children may choke on small objects that have been within their reach.
Likewise, poor electrical wiring and a lack of fire safety can result in
significant injury and loss of property to fire.

ACCIDENTS IN THE HOSPITAL

Accidents involving procedures or medication can occur in
hospitals and sometimes lead to permanent disability. For example,
the use of instruments such as forceps can in rare instances result in
brain trauma at birth. In some cases, medication errors may occur in
which patients are given the wrong medication or too much or too little
of a medication while in a hospital. Such errors can have severe
adverse effects on patients. Hospitalized individuals also are
susceptible to nosocomial, or health care-associated, infections, which
in extreme cases can end in death.

ACCIDENTS IN THE WORKPLACE

Occupational hazards have always existed, but they became
especially pronounced with the rise of modern factories, mines, and
foundries in the 19th century. Industries such as construction and
mining, in which heavy equipment is used, are associated with an
elevated risk for severe injury. Constant and repetitive work can

197



produce injuries such as prepatellar bursitis (or beat knee, caused by
constant kneeling) and hand-arm vibration syndrome (or vibration
white finger, caused by the handling of vibrating tools for long
periods). Long-term exposure to materials such as asbestos can lead to
chronic diseases such as mesothelioma. Occupations that involve
sitting for long periods or typing constantly come with their own sets
of risks. Carpal tunnel syndrome, for example, which can be caused
by leaning the wrists on a desk while working at a computer, is one of
the most-common repetitive stress injuries in the modern workplace.

Historically, there was little in the way of safety equipment to prevent
accidents, and long-term exposure to dangerous chemicals could cause
severe disablement and death. Before factory owners were called on to
make their workplaces safer, many workers were injured in accidents.
When permanent disability was the result, often that worker was doomed
to a life of poverty, since there was often little in the way of compensation
for his or her injury. The rise of occupational medicine in the industrial
era, accompanied by an increased recognition of occupational hazards,
led to improved measures of protection for workers.

The most effective instruments to prevent and minimize the injures
in different spheres remain the attentiveness and following the safety
rules. But if the accidents are very possible a good idea will be to have
a casualty insurance. Casualty insurance is a provision against loss to
persons and property, covering legal hazards as well as those of
accident and sickness. Major classes of casualty insurance include
health insurance and workers' compensation.

Health insurance may apply to a limited or comprehensive range of
medical services and may provide for full or partial payment of the costs
of specific services. Benefits may consist of the right to certain medical
services or reimbursement to the insured for specified medical costs.
Some types of health insurance may also include income benefits for
working time lost because of sickness (i.e., disability leave).

Workers' compensation insurance, financed by employers'
contributions, compensates workers for losses suffered as a result of
work-related injuries; compensation may include medical benefits,
temporary incapacity benefits, permanent disability benefits, and, in
an increasing number of countries, retraining benefits.
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Exercise 2. Explain the above-given article in one sentence.

Exercise 3. Answer the following questions from the article.

What are the consequences of an accident?

What are motor vehicle accidents?

What are sports accidents?

What are accidents in the home?

What are accidents in the hospital?

What are accidents in the workplace?

What is the health insurance?

. What types of insurance do you remember? What are their
szmllarmes and differences?

LN LR W~

% sk sk sk %

Exercise 1. Read and translate the article.

GOOD AND BAD HABITS AFFECTING YOUR LIFE SPAN

In recent years we have made great strides in discovering how
the aging process works. However, we still are several medical
discoveries away from finally being able to stop or reverse this
process. In the meanwhile, is there anything we can do to possibly
increase our life span and specifically our health span? The key is in
our habits. It has been proven that various behaviors can help us stay
young longer or, on the contrary, develop diseases and age faster.
When we include these behaviors in our habits, we can influence our
life spans positivey or negatively. Let's take a look together at the good
and bad practices to live (possibly) longer and healthier.

Good habits

What are the good habits we can adopt to positively influence our
longevity? In recent years, thanks to our increased scientific
knowledge, we have realized how we can actually try to influence the
functioning of our bodies by eating a specific type of food, sleeping at
specific intervals and doing a certain amount of exercise. As a
consequence, there has been a boom of publications on diets, workouts
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and longevity tips. These recommendations are not always based on
accurate scientific assumptions.

Mind your nutrition

Since every food is different, not only in appearance and taste but also
in its nutritional properties, different foods provide different amounts of
energy and nutrients to your body. An incorrect nutrition can lead to heart
diseases, diabetes, osteoporosis and some cancers, to name a few.

Eat the food your body needs

Eat a varied amount of whole-grains, legumes, seeds and nuts, fruit
and vegetables to make sure your body receives the fibers, proteins,
glucose, vitamins and minerals needed.

Reduce the amount of food containing saturated fats, trans fats,
added salt and added sugar. Your body needs way less dairy, meat,
sugary drinks, snacks and processed food than most people consume.

Remember to move

Technological innovations have enabled us to achieve incredible
things. However, there is one negative consequence: people today tend
to spend more and more time in front of a screen, while moving less.
To overcome the fact that we no longer have to run after prey in order
to survive, we have taken up sport.

Train your brain to think positive

Despite knowing that emotions are simply responses produced by
specific parts of our brain, it is often not easy to control them. Feelings,
both positive and negative, influence our life decisions and,
apparently, even our health span. While the connection is not yet
completely certain, it is clear that positive thinking and optimisms can
have positive health effects.

Get your healthy dose of social interaction

While sociability is an instinctive trait of our species, it is also able
to influence our life spans. Firstly, it influences our mental health.
Social interaction helps also reduce the risk of Alzheimer's disease and
other types of dementia.

BAD HABITS

Now that we have some good habits to start adopting, what are the ones
we should leave behind? There are many behaviors that, taken individually,
are no big deal. Yet, in the long term, they could damage our health. For
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example, if you eat fast food once per month, it is very likely that your body
will manage to deal with it. But what if you did it every day?

Smoke

Smoking is one of the most common forms of recreational drug use
and is by far the most deadly. Life expectancy for smokers is at least
10 years shorter than for nonsmokers. This also applies to people
subjected to passive smoke.

Underestimate your level of stress

For many, having a certain level of stress helps us to be productive.
Setting deadlines allows us to finish our projects and move forward in
life. For this reason, stress itself is not always a problem. The key is to
recognize your stress level and not to underestimate it.

Being constantly under stress, anxiety and worry might shorten
your lifespan. When you are chronically stressed your level of
hormones (and therefore heart rate and blood pressure) don't go back
to normal levels.

Additionally, to release the stress, people could adopt bad
behaviors that provoke instant gratification, such as drug use,
overeating, gambling etc.

Get comfortable and do not stop learning

While the brain is not a muscle (it's actually an organ) it is correct
to say that, like a muscle, you have to exercise it to keep it healthy and
functioning at its best. When you learn and exercise your brain you
improve your memory, executive functions, and processing speeds.

The effort of mastering a new discipline or starting a new hobby as
an adult may help you slow age-related changes in the brain and those
associated with neurological conditions.

Conclusion

It is not easy to start adopting a new habit or to leave an old one
behind. Yet, sometimes it may be worth trying. Especially when it
could help you live a healthier and longer life. You can start simple,
setting a sleeping schedule for the next few days or eating healthier
food at least twice a week.

Exercise 2. Role play with your partner informative and evaluative
aspects of the above-given article.
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Exercise 3. Answer the following questions
1. What is the connection between good and bad habits?
2. What good habits are mentioned in the article?
3. What bad habits are described in the article?
4. Can you add other good or bad habits to the list?
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