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TOM TAT: Vi khuan c6 vai trd quan trong trong vi lui thirc an & bién va chiu sy chi phéi top-
down béi hai nhém chinh virus va dong vat nguyén sinh. Ty Ié chét cua vi khuan (TLCVK) do
phan giai cia virus va sy an moi cua dong vat nguyén sinh trong vinh Nha Trang, Khanh Hoa,
dugc danh gia s dung cac thi nghiém nudi pha lodng. TLCVK c6 bién dong khac nhau theo dac
trung moi trudng cua vi tri thu mau va theo do sau trong cot nude. Tuong tw nhu nhiéu nghién ciu
truéc, TLCVK do phan giai cua virus cao & khu vuc ¢ mat d cao cua vat chu chinh 13 vi khuan
nhu & tang mat va front cira séng trong vinh Nha Trang. Toc do sinh trwong cua vi khuan thap o
viing cira song Cai va cao hon & vung front cira song ciing nhu tram Hon Tam. Lwong vi khuan
trong ving nghién cau mat di chu yéu boi sy phan giai cua virus (TLCVK bién thién 1,59-
2,05/ngay) hon 1a do an mdi bai dong vat nguyén sinh (TLCVK bién thién 0,00-0,36/ngay). O tram
ctra song Cai, TLCVK do dn mdi cua dong vat nguyén sinh cao hon dang ké so voi cac tram khao
sat con lai (0,36/ngay so vai 0,00-0,05/ngay).

Tur khoa: Phan giai virus, ty 16 chét, vi khuan, vinh Nha Trang.

MG PAU

Thuat nglr vi lugi thire an (microbial loop)
dugc dua ra tir nhitng nim dau cua thap nién
1980 boi Azam et al. (1983) [2] va sau do6, cac
nghién ctru sdu hon da lam rd vai tro quan trong
cua vi khuan (VK) trong cac chu trinh sinh dia
héa nhu C, N, va P ¢ cac thuy vuc [7, 8, 11].
VK c6 thé phan huy tat ca cac hop chat hitu co
va lam tang hiéu suat sinh thai trong luéi thuc
an & bién [11].

Trong thap sinh thai, VK chiu su chi phéi
cta co ché diéu hoa top-down [2, 8]. Azam et al.
(1983) [2], nhan dinh ring su phan giai cua virus
va su an mdi cua dong vat nguyén sinh (BVNS)
la nhitng tac nhan quan trong trong TLCVK
trong dai duong. Trong cac thuy vuc bién ven
b, mot sb nghién ciu cho thay, toc do phan giai
ciia virus va téc do an mdi cua DVNS dén
TLCVK twong ty nhau [7, 18]. Tuy nhién, nhiéu
nghién ctu khac lai cho thdy, TLCVK cha yéu
do su phan giai cua virus [9, 23, 24] hay chu yéu
do DVNS [1]. Sy lay nhidm cua virus vao té bao
VK phu thuéc vao mat do6 VK va tinh tuong
thich giira virus va VK [31]. Trong nhiéu truong
hop, virus phan giai mét nhom VK dac hiéu, giai
phéng cé4c chat hitu co hoa tan vao moi truong,
cung cap diéu kién dinh dudng thuan loi cho céc
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nhém VK khac sinh trudng va do d6 virus lam
thay do6i @6 phong phi ciing nhu cau trdc quan xa
cua VK [3, 20, 28].

O Viét Nam, nhitng nghién ctru dinh luong
céc qua trinh sinh hoc (nhu toc do sinh trudng, tir
vong hay dn mdi) con rét it so vai thé gisi, dic
biét 1a viéc nghién ctu vé TLCVK do virus va
DVNS trong hé sinh thai bién. Nghién ctu nay
tinh todn TLCVK do su phan giai cta virus va su
an moi cia DVNS trong vinh Nha Trang, Khanh
Hoa, nhim 1a gop phan ting cuong hiéu biét vé
vi ludi thire dn & viing bién ven bo Viét Nam.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Khao sat va thu mau tai 3 tram trong vinh
Nha Trang vao thang 12/2014, thoi diém cudi
mua kho va giita thoi ky gié mua déng béc. Cac
tram thu mau ¢ ting mat (1 m) va sat day. Riéng
tram 9 chi thu ¢ tang mat. Vi tri tram thu mau
chira ¢ bang 1 va hinh 1.

Thiét bj CTD (Conductivity Temperature
Depth) Seabird 19 plus (Seabird, USA) dugc s
dung dé do cac thong sb nhiét do, do mudi,
cuong do anh sang trong toan cot nudc tai tram
truge khi tién hanh thu miu nude & cac do sau
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xéac dinh bang binh thu mau Niskin. Mau thu
duoc chua trong chai Nalgene 1L mau nau va

Bang 1. Théng tin vé tram thu mau

duoc bao quan trong tdi va mat truéc khi dung
trong cac thi nghiém.

Tram thu mau Toa do bic diém tram

Tram 9 12°15°24 N Gan cua soéng Cai, dic trung boi d6 mudi thip va ham
(d6 sau 10 m) 109°12°56"" E  lugng mudi dinh dudng thudng cao

Tram 11 12°15’08” N Tram giita vinh Nha Trang, thuong c6 d6 mudi cao va
(46 sau 19 m) 109°15°34" E  ndng d6 mubi dinh dudng thap hon cira séng Cai

Hon Tam 12°11°05 N Tram gan dao HOon Tam, gan khu vuc nudi trong thiy san
(d6 sau 22 m) 109°14’25” E  va du lich.

100 102 104 108 108 110 11
R —— == -

TRUNG QUOC

Hinh 1. Ban db vi tri 3 tram khao sat trong vinh Nha Trang, Khanh Hoa

Thiét ké thi nghiém nudi pha lodng va tinh
toan

Thi nghiém nudi pha lodng duoc tién hanh
theo Landry & Hassett (1982) [12] va Tremaine
& Mills (1987) [26]. K§ thuat nay bao gom viéc
pha lodng toan b quan x& sinh vat phd du
(SVPD) véi nudc bién da duoc loc (thuong 1a
qua mang 0,2 um) theo cac ndng do giam dan
dé tao ra cac mirc do bat gap khac nhau gitra
nhém sinh vat dn mdi va con méi, trong khi tbc
do tang trudng cua con moi duoc mic dinh nhu
nhau. Trong nghién cau nay, thi nghiém pha
lodng dé danh gia TLCVK do sy phan giai cua
virus va su an mdi cua DVNS duoc thiét ké

theo Taira et al. (2009) [23] va Domingues &
Barbosa (2009) [6]. Hai 16 thi nghiém duoc
thiét ké cung lic, trong dé, 16 thi nghiém 1:
nuée bién loc qua mang 3 pm nham loai bod
DVNS (chi con lai virus va VK) pha véi nudc
bién d4 loc qua mang 0,02 pum (loai bo virus)
nhim xac dinh TLCVK do sy phan giai cua
virus; 16 thi nghiém 2: nudc bién loc qua ray
250 um (chi con lai BVNS kich thudc micro,
virus va VK) pha véi nuéc bién loc qua mang
0,02 um nham xé4c dinh tong TLCVK do bj
DVNS an va phan giai cua virus; cac 16 thi
nghiém 3 lan lap véi 2 mac pha loing 20% va
100%. T4t ca cac mau dugc dat trong ta moi
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treong MLR-351H (Sanyo, Nhat Ban) trong 24
gio theo md phong didu kién nhiét do va anh
sang cua moi truong tu nhién dua vao cac thdng
s6 do dac tir thuc dia & 3 tram. Tai thoi diém 0
gio va 24 gio nudi, thu mau vao cac eppendorf
2 ml va cé dinh bang dung dich glutaraldehyde.
Mau sau d6 duoc phén tich ngay hoic dugc
dong lanh nhanh trong nito long va luu gitt &
-80°C cho dén khi phan tich.

Tinh toan téc d6 sinh truéng thuc va ty 18
chét cua VK theo Landry & Hassett (1982)
[12]: k = [In(N/N)]/(t-to). Trong do, k 1a toc do
sinh truong thuc cua VK; Ny va N; lan luot 13
mat d¢ VK & thoi diém ban dau va & thoi diém t
(tb/mL); téc do sinh truong thuc cua VK cd
quan hé tuyén tinh véi hé sé pha lodng theo
phuong trinh: y = ax + b. Trong dé y 1a téc d6
sinh truong thyc cua VK; a 1a TLCVK; b la téc
d6 sinh truong tac thoi cia VK, x 1a hé sé pha
lodng (%); TLCVK do sy an mdi cia DVNS
duoc tinh 1a hiéu sé ty 18 chét gira 2 16 thi
nghiém [6, 12].

Phwong phap phan tich

Vi khuin duoc dém bing may do dong té
bao (Flowcytometry, FACSCanto Il, BD, USA).
Mot thé tich mau xac dinh dugc cho vao 6ng
chay mau chuyén dung, nhuém VK bang thudc
nhuom SYBR Green | (Invitrogen, Anh) trong
ti trong 15 phut. Sau d6 thém 1 thé tich xéac
dinh dung dich hat bead (mat d6 hat chuin) va
chay miu ¢ téc do kiém soat dudi 1.000
hat/giay [14]. DNA cua vi khuan sau khi nhuém
s& phat huynh quang duéi kich thich anh sang
xanh (488 nm). Phan biét cac nhom VK va sinh
vat khac dua vao dic trung cac thong sb phat
huynh quang [15].

Cac mau dinh dudng duoc phan tich tai
phong thi nghiém thuy dia hda, vién Hai duong
hoc theo phuong phap hién hanh (APHA 2005).
Céc mau POC va PON duoc phan tich bang
may phan tich da phin t§ EA1112
(Thermofinnigan, Hoa Ky).

KET QUA VA THAO LUAN
M@t sé dic trueng méi trwedng va sinh vat caa
vung nghién ciru

Trong cot nudc, nhiét d6 ting mit cao hon
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tang day (27,05-27,15°C so véi 26,52-26,83°C)
va d6 mudi thi nguoc lai (32,42-33,22 psu so
véi 33,40-33,61 psu). Tuy nhién, chénh léch
nay khong dang ké va bién dong nhiét - mudi
trong cot nudc cho thdy khong cé su phan ting
cot nuoc trong thoi diém khao sat. D6 mubi
thip & ctra song Cai (tram 9) va cao hon vé phia
ngoai khoi (tram 11) va khu vuc xa ctra séng
(tram Hon Tam). Cuong dd &nh sang ¢ do sau
gan 20m cua tang day (6,54-6,87 PE/m?s) van
chua suy giam hoan toan chung té6 d¢ duc
khéng cao ¢ cac tram 11 va Hon Tam trong thoi
diém thu miu. Ham luong carbon hiru co lo
ltng (Particular organic carbon-POC) va nito
hiru co lo lung (Particular organic nitrogen-
PON) & tang day cao hon dang ké so vai tang
mit & cac tram (lan luot 14 2,3-4,2 mg/L so voi
0,7-1,5 mg/L d6i véi POC, va 20,1-25,5 mg/L
so v&i 12,0-16,1 mg/L dbi voi PON). O tang
mat, ham lugng POC va PON ¢ tram cira song
Céi cao nhit (Iém luot la 2,1 mg/L va 20,9
mg/L). Trong cac mudi dinh dudng, muol silicat
& ting mit cao hon dang ké so voi tang day
(137-225 pg/L so voi 100-121 mg/L) va mubi
nitrate ¢ tang dy cao hon ting mat (34-35 pg/L
so v6i 31-32 mg/L). Ham lwong mudi
phosphate ¢ tram 11 cao hon so vGi Cac tram
khao sat con lai (3,8-6,7 ug/L so véi 2,8-3,4
ng/L. Mat d6 VK bién thién trong khoang 8,15-
11,47x10° t& bao/mL va chénh léch khong déng
ké giita cac tram va giita cac tang. O tram 11 va
Hon Tam, nhém thuc vat nhan that siéu nho
(TVNTSN-eukaryote picophytoplankton) ¢ tang
mit thdp hon ting day (0,07-0,09x10° so voi
0,08-0,11x10° té bao/mL) trong khi nhém vi
khuan lam Synechococcus ¢ tang mit cao hon
tang day (2,03-2,46x10° so véi 1,33-1,77x10° té
bao/mL) (bang 2).

Mat d6 VK & nhidu ving bién bién thién
trong khoang 10°-10" té bao/mL [10, 29]. Mat
d6 VK va vi khuian lam Synechococcus trung
binh & vinh Nha Trang & nghién ciu nay lan
luot 1a 8,34-11,47x10° va 1,33-3,46x10° té
bao/mL. Trong nghién cuau cua Tsai et al.
(2012) [25] & ving bién tay Théai Binh Duong,
C4c gia tri twong ung nay trong khoang 4,1-
8,6x10° té bao/mL va 0,06-0,51x10° té bao/mL.
Mat d6 vi khuan lam Synechococcus & vinh Nha
Trang cao hon khu vuc tdy Thai Binh Duong va
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phu hop v6i ddc diém phan b6 cia nhom nay &
ving cura sdng so Véi bien khoi. Ket qua trong
nghién ctru nay khac khong dang ké so véi

nhitng két qua cua cac ving bién khéac trén thé
gidi [2, 10, 23], nhat la khu vyc cira sdng nhiét
doi [2, 21, 22].

Bang 2. Mot s6 dic diém méi truong va sinh vat trong viing nghién ctu, thang 12/2014

Thong sé Tram9  Tram1l Tram1l HonTam  Hon Tam
Tang mat Tang mat Tangday Tangmat  Tang day
Do sau thu mau (m) 1 1 17 1 19
Nhiét d6 ('C) 27,34 27,15 26,83 27,05 26,52
Do mudi (psu) 32,15 32,22 33,40 32,42 33,61
Anh séng (UE/m?s) 1953 1374 44 1642 68
POC (mg/L) 2,1 0,7 4,2 1,5 2,3
PON (mg/L) 20,9 16,1 25,5 12,0 20,1
PO, - P (ug/L) 2,8 3,8 6,7 3,4 3,1
SiO; - Si (ug/L) 233 225 121 137 100
NOs - N (ug/L) 32 32 35 31 34
Vi khuan (x10° té bao/mL) 9,86 8,34 9,74 11,47 8,15
TVNTSN (x10°té bao/mL) 0,13 0,09 0,11 0,07 0,08
Synechococcus (x10° t& bao/mL) 3,46 2,46 1,77 2,03 1,33

Sinh truwéng cia vi khuin

O 16 thi nghiém khéng c6 BDVNS, téc do
sinh truong cia VK thdp nhit ¢ tram 9, cia
song Cai (2,65/ngay), cao hon ¢ tram 11, gitta
vinh Nha Trang (3,12 va 4,08/ngay & ting mat
va day), va cao nhat tai tram Hon Tam (4,11 va
4,61/ngay & tang mat va day). Xu huéng bién
dong téc do6 sinh trueong cia VK & 16 thi nghiém
c6 DVNS ciing twong ty nhu 16 thi nghiém
khéng c6 DVNS. Téc d6 sinh truong trung binh
cua VK ¢ tram 9 la 2,55/ngay; tram 11 la 2,37

va 3,57/ngay (¢ tang mat va day); va tram Hon
Tam la 3,22 va 3,58/ngay (& tang mit va day)
(bang 3). Tom lai, téc d6 sinh truéng cua VK
tang dan tir tram ctra sdng vé phia giira vinh va
cao nhit & tram Hon Tam. Bén canh do, téc do
sinh truong cua VK ¢ tang miat thap hon tang
day & ca tram 11 va tram Hon Tam (3,11-4,10
va 4,08-4,61/ngay). Didu nay dwa dén gia dinh
1a didu kién sinh thai ¢ ting mat it thuan loi
cho qué trinh sinh truéng caa VK hon so véi ¢
tang day.

Bdng 3. Phuong trinh hdi quy tuyén tinh giira téc do sinh truéng thuc cia VK va h¢ s pha long ¢
thi nghiém khong c6 DVNS va ¢c6 BVNS. Ghi chi: p<0,05 ¢ tat ca cac phuong trinh

Tram khao sat

Thi nghiém khong c6 DVNS

Thi nghiém c6 BVNS

Tram 9, tang mat
Tram 11, tAng mit
Tram 11, tAng day
Hon Tam, ting mit
Hon Tam, ting day

y=-1,5877x+2,6546 (R*=0,94)
y=-2,0514x+3,1172 (R?*=0,99)
y=-1,8873x+4,0825 (R’=0,93)
y=-1,9361x+4,1083 (R?=0,98)
y=-1,9300x+4,6120 (R*=0,96)

y=-1,9466x+2,5546 (R*=0,99)
y=-2,0553x+2,3708 (R’=0,98)
y=-1,9374x+3,5787 (R*=0,99)
y=-1,7500x+3,2202 (R?=0,85)
y=-1,7631x+3,5807 (R*=0,97)

TLCVK do phan giai caa virus va TLCVK
do sy dn moi ciia PYNS

Téng TLCVK chénh léch kha rd giita cac
tram, cao nhat ¢ tram 11 (2,05 va 1,94/ngay, &
tang mat va day), ké déen la tram 9 (1,95/ngay)

va thip ¢ tram Hon Tam (1,75 va 1,76 & tang
mat va day). Toc do phan giai VK cua virus
thap nhit & tram 9 (1,59/ngay), cao hon & tram
gitra vinh (trung binh 1,97/ngay) va Hon Tam
(1,94/ngay). Nhin chung, TLCVK do phan giai
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cua virus (1,59-2,05/ngay) cao hon dang ké so
v6i &p luc dn moi cua DVNS (0,00-0,36/ngay)
va chiém ty 1é 81,54% dén 100% trong tong
TLCVK. Pang cht y la hau nhu khéng co ap
lyc an mdi ¢ tram Hon Tam & ca ting mat va
tang day. Trong cot nuéc thi TLCVK do tac
dong phan giai cua virus & ting mit cao hon
tang day (1,94-2,05/ngay so vai 1,89-1,95/ngay)
(bang 4).

Thoéng thuong, do phong phl cua virus &
ven bién cao hon so véi so v6i ving xa bo
[4, 13] va giam theo d6 sau trong cot nudce, noi
c0 it vat chu hon [20]. De Corte et al. (2010) [5]
cho rang bién dong cua virus cé tuong quan
chat ché vai do phong pha, mac hoat dong va
su da dang caa VK. Ngodi ra, tinh chat ly hoa

cua khdi nuéc anh huong dén phan bd va do
phong phu cua virus nhu mat d virus cao & 16p
dot bién nhiét [16] hay & viing chuyén gitra thay
vuc c6 oxy va thuy vuc khéng c6 oxy [28], hoic
& vung front [30]. Trong vinh Nha Trang, toc do
phén giai VK cua virus cao ¢ vung gitra vinh c6
thé lién quan dén dic trung hoa ly cua khu virc
nay va khu vgc Hon Tam la do sy phong phu
cua vat chu. Trong thoi diém khao sat & vinh
Nha Trang, tram 11 c6 thé thudc ving front cira
séng (thé hién qua chénh léch d6 mudi giira
tang mat va day 1a 1,18 psu va thoi gian thu
mau 1a vao Ildc triéu thip) nén virus co6 do
phong pht cao. O truong hgp HOn Tam, mat do
vat cha (VK) ¢ ting mat cao nhit, voi
11,47x10° té bao/mL (bang 2).

Bang 4. Ty 1& chét cua vi khuan (TLCVK) do phan giai caa virus va do sy an mdi cua dong vat

nguyén sinh (DVNS)

TLCVK do phan giai

Tram khao sat o A
caa virus (/ngay)

TLCVK do dn moi
cua DVNS (/ngay)

TLCVK do phan giai
caa virus (%)

Tram 9, tang mat 1,59
Tram 11, tAng mt 2,05
Tram 11, tﬁng day 1,89
Hon Tam, ting mit 1,94
Hon Tam, ting day 1,93

0,36 81,54
0,01 99,51
0,05 97,42
0,00 100
0,00 100

Bdng 5. Toc do sinh trueong cia vi khuan, ty 1¢ chét (TLCVK) do phan giai cua virus, va do an moi
cua dong vat nguyén sinh (BVNS) & cac vung bién lan can Viét Nam

mywe  TOOS0 ngui mmina TR T
nghién ctu khuén (/ngay) czﬁ ;/;;L;S (f/);gl:ys) virus (%) tham khao

VIR I (o65.461)  (159205)  (0,000.36)  (8L5-100) Nghién
1212008 3714080 1884017  0,08+0,16 95,7 citu ndy
Bié,'\’”';?‘ékéa;do' (0,63-1,16)  (0,53-0.98) (0,05-013)  (87,2-91,3)  Tairaetal.
(5.112000) 0.85:023  0,74019  0,10+0,03 88,9 2009 [23]
ven T g{rzﬂz' (0,00-426)  (0,00-4,32) (0,00-432)  (0,0-100)  Tsaietal.
DOlisors 2426218 1875200  154+140 42,8 2012 [25]
Vggg;f:uﬂg'a (0,70-1,70)  (0,00-0.70)  (0,00-1,03)  (0,0-459)  Tsaietal.
s sy 1202026 035:022 061036 28,6 2013 [24]

S trong ngozc don 1a bién thién, sb khong trong ngoidc don 14 trung binh#sai s6 chuan.
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Tbc d6 sinh truong trung binh cua VK va
TLCVK do phén giai cua virus ¢ vinh Nha
Trang trong dot khao sat thang 12/2014 déu cao
hon ciac khu vuc lan can nhu ving bién can
nhiét dgi ven Tay Thai Binh Duong, viing bién
phia déng Trung Qudc va ving bién Hokkaido,
Nhat Ban (bang 4). Tsai et al. (2012) [23] cho
thdy, tc d6 sinh truéng cua VK bién dong
manh gitta cac thang, cac mua, va cac nam khi
nghién ciu trong vung bién can nhiét doi ven
Tay Thai Binh Duong. Nhiéu nghién ctru trudc
day da chung minh TLCVK do tac dong phan
giai 1on cua virus va bién dong tir 20% dén 45%
[9, 19, 23, 24], nhiéu khi dén 100% [25]. Trong
nghién ctu nay, TLCVK chua yéu do phan giai
cua virus trong khi do sy in mdi cia DVNS rit
thap. TLCVK do phan giai cia virus & tang mat
cao hon ting ddy tai tat ca cac diém khao sat
trong vinh Nha Trang. Nhitng nghién ctru trudc
day cho thiy virus la nguyén nhan gay nén tu
10% dén 50% téng TLCVK trong nudc tang
mat [7, 30] va trong diéu kién bat loi cho DVNS
thi ty 1¢ nay cd thé tir 50% dén 100% [9, 27].

KET LUAN

Tuong ty nhu nhiéu nghién ciu trudc,
TLCVK do phén giai cua virus cao ¢ khu vuc
cd mat do vi khuan cao nhu tang mat va front
cua song trong vinh Nha Trang.

Tbc do sinh truong cua VK ¢6 xu huéng
tang tir ctra sdng Cai vé phia ving it bi anh
huéng caa cira song va chiu &p luc cha yéu boi
su phan giai caa virus hon 14 sy dn mdi boi
DVNS. O tram cira sdng Cai, TLTVVK do bj
DVNS in cao hon dang ké so vai cac tram khao
sat con lai.

Cac két qua trong nghién ctu nay phu hop

v6i cac két qua nghién ctu ¢ nhidu thuy vuc
khac.
Loi cdam on: Nghién ciru nay duogc tai tro boi
Quy Phat trién Khoa hoc va Cong nghé Québc
gia (NAFOSTED) trong dé tai ma s6 106.13-
2011.16.
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BACTERIAL MORTALITY CAUSED BY VIRAL LYSIS
IN NHA TRANG BAY, SOUTH CENTRAL VIETNAM

Doan Nhu Hai, Nguyen Van Thanh, Nguyen Chi Thoi, Nguyen Ngoc Lam
Institute of Oceanography, VAST

SUMMARY

Bacteria play an important role in microbial loop in marine waters and are strongly regulated by top-
down controls by two groups, virus and microprotozoa. Bacterial mortality rates, because of viral lysis and
microprotozoan grazing, were estimated using dilution method in Nha Trang bay in December 2014. The
bacterial mortality rates were marked different among sampling sites and reflected by different in
environmental conditions and layers in water column. In Nha Trang bay, the viral lysis on bacteria was, in
similar trend with previous studies, high where their main hosts abundance, such as at surface and in the
estruarine front area. Bacterial growth rate was low in Cai estuary and higher in mid of Nha Trang bay and
Hon Tam stations. The bacterial mortality rates in Nha Trang bay were mainly because of the viral lysis
(1.59-2.05 day™) rather than of microprotozoan grazing (0.00-0.36 day™). The microprotozoan grazing on
bacteria in Cai estuary was significantly higher than in others sites (0.36 day™ versus 0.00-0.05 day™).

Keywords: Bacteria, mortality rate, viral lysis, Nha Trang bay.
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