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Abstract

The presence of antibiotics in the aquatic envireninis a serious concern because it may lead to the
emergence of antibiotic resistance, thus lowerirggtherapeutic effect of antibiotics. In Vietnaime t
problem is aggravated by the irrational use oftaotics in different sectors of agriculture and faum
health service. Moreover, the residues of antibsotin the aquatic environment can be spread widely
due to the lack of proper wastewater treatmentesyst In this paper, we aim to comprehensively
review all relevant sources that discharge aniitgoto the aquatic environment in Vietham. Apart
from the common source of antibiotics from aquagelt other activities that release considerable
amounts of antibiotics into water environment al® a@ncluded. Environmental concentrations of
antibiotics related to those sources are studiedetoonstrate their contributions to the presence of
antibiotics in the aquatic environment in Vietnaks. antibiotic-contained water may be used as water
supply for irrigation and even human consumptionuiral areas, the essence of wastewater treatment
is highlighted. Finally, we also discuss the newidial Action plan from the Ministry of Health for

controlling the issue of antibiotic resistance iiefdam.

Keywords:

Antibiotic resistance; pharmaceutical manufacturimgterinary antibiotics; wastewater treatment;

antibiotic contamination; emergence of resistance;
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List of abbreviation:

AZI: azithromycin, CEF: ceftazidime, CLA: clarithmycin, CIP: ciprofloxacin, DOX: Doxycycline,
ENR: enrofloxacin, ERY: erythromycin, LIN: lincomiyg; LOM: lomefloxacin, NOR: norfloxacin,
OFX: ofloxacin, OTC: oxytetracycline, ROXI: roxithmycin, SDX sulfadimethoxine, SDZ:
sulfadiazine, SMR sulfamerazine, SMT: sulfameth@zinSMX: sulfamethoxazole, SMZ
sulfamethizole, SND: sulfanilamide, SPI: spiramyc8PY: sulfapyridine; STZ sulfathiazole, TC:

tetracycline, TRI: trimethoprim
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1. Introduction

Antibiotics are effective medication for the treatmh of infectious diseases in human and animals.
Additionally, antibiotics can also be used as preéatve medicine and more and more commonly as
growth promoters in farming and husbandry (McEwed &edorka-Cray, 2002; Van Boeckel et al.,

2015). The production and use of antibiotics fomhan and animals have resulted in significant
reduction of mortality and morbidity rates, whiclene once inflicted by common infectious diseases.
But the mass production and consumption of aniidsoélso led to the situation that antibiotics are
now ubiquitous in the environment (Kimmerer, 2009&)tibiotics have been detected in aquatic
environments such as lakes, rivers, water resexveiastewater influents and effluents, groundwater
and even drinking water even though drinking watas treated (Kolpin et al., 2004; Valcarcel et al.,

2013; Sui et al., 2015). The most remarkable p@kobnsequence of environmental antibiotics is the
emergence of antibiotic resistance even at lowbaniic concentration (Kimmerer, 2009b; Gullberg

et al., 2011). Therefore, antibiotics are considezmerging environmental pollutants of substantial

consequence (Sui et al., 2015).

Antibiotics in environmental water originated fronarious sources: municipal (hospital and
municipal sewage including a large part from hoos#tluse and disposal) (Bound and Voulvoulis,
2005; Tong et al., 2011), agriculture (aquacultimesbandry) (Hirsch et al., 1999; Lin et al., 2Q08)
and pharmaceutical industry (Phillips et al., 201D)e degree of contribution of each source is
different from country to country. For example, teterinary contribution in Germany was minor
while human contribution is a major source (Hirgthal., 1999). Meanwhile in Taiwan, husbandries,
hospitals and pharmaceutical manufacturers werddhenant sources of antibiotics in comparison to

aquaculture and effluent of sewage treatment pldmset al., 2008).

Vietham’s economy has been growing and so as th@uption and consumption of antibiotics, for

both humans and livestock (Sy et al., 2017). Camsetly, more antibiotic residues are expected to be
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discharged into the environment. However, inforovaton the profile of antibiotics in aquatic
environment on Vietham was limited although the bamof antibiotic groups and the quantity of
antibiotics are considerably larger than other lieoging countries, including Indonesia and China
(Andrieu et al., 2015). There are previous revi@nsantibiotics in aquatic environment in Vietnam
(Thuy et al., 2011; Sebesvari et al., 2012; Suanki Hoa, 2012; Thuy and Nguyen, 2013). However,
they were focused mainly on the antibiotics disghdrfrom aquaculture practice and did not look
into the input side of the industries. Hence itsloet provide enough information to understand all
the potential sources of antibiotic contaminationaiquatic environment in Vietnam. Apart from
aquaculture, there are consumptions and dischafgastibiotics from other farming sectors (Dang et
al., 2011; Kim et al., 2013), hospitals (Duong kt 2008; Lien et al., 2016) and pharmaceutical
manufacturer industry (Cardoso et al., 2014; Lars@014; Binh et al., 2017) that could contribute
substantially to the load of antibiotics measunedhie aquatic environment of Vietnam (see Fig. 1)

but so far they were not discussed in details avipus reviews.
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Figure 1. Pathways of antibiotics into the aquatic envirenirin Vietnam.
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This review thus aims to provide a more compretvenpicture on the introduction of antibiotics in
environmental waters in Vietham from different sms (aquaculture, husbandry, hospital, and
pharmaceutical manufacturer industry) in orderndarstand the profile of antibiotics in the aquatic

environment and to provide the basis for any pdiccgontrol the antibiotic pollution in Vietnam.

2. Search approach

The relevant publications for this comprehensiveesg were collected by searching in the Web of
Science database for published papers in all yesirgy following key words: “antibiotic”, “water”,

and “Vietnam”. The outcome was then screened ugiagitle. This screening resulted in 34 peer-
reviewed publications in English. Additionally, walso searched for relevant documents in
Vietnamese including Government reports and guidslion the topic of antibiotic residues and
resistance. The documents in Vietnamese are thie Barsour discussion on control strategy in

Vietnam.

Our review covered 6 classes of antibiotics incigdibeta-lactams, sulfonamides, macrolides,
cyclines, lincosamides, quinolones with all potansources, the first comprehensive review of this
kind for Vietham. A summary of the antibiotics falunn the aquatic environment of Vietnam

discussed in this review is presented in Tableldvine

Table 1. Antibiotics found in the aquatic environment oktiam

Antibiotic Compounds Sour ce of antibiotics (max concentration ng L ™)
classes Aquaculture Husbandry Hospital PharmaceuJidabusehold
manufacturing| consumption
Quinolones Enrofloxacin | v (680)®
Ciprofloxacin | V (250)® v (53300)"
Oxolinic acid \ (2500000)®
Ofloxacin \ 238.6"Y v (191.2/*Y | v (19800)" |  (1184)@
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Norfloxacin ' (6060000)® | V (15.2)* | v (1500)®
Lomefloxacin v (35.9)®
Sulfonamides | Sulfamethoxazold (2390000 | v (897)© 7 (20300)" | + (1089)@ \ (4330)
Sulfadiazine
Sulfamethazine | v (2)© V (19153)@ 9 V (351)©
Sulfapyridine \ (15)®
Sulfamerazine
Trimethoprim | Trimethoprim | V' (1040000)® | v (96) © \ (7100)? \ (844.5)@ < (1808)?
Macrolides Azithromycin \ (2768)@
Erythromycin | V (4)© V (64)© ' (1200)2 \ (2246)®
Clarithromycin V(4)® \ (2445)@ \ (778)
Roxithromycin \ (125)@
Oleandomycin \(27)®
Spiramycin \ (2200)"
Tylosin \V (381)®
Cyclines Oxytetracycline | v (18)© \ (900)® \ (316)®
Tetracycline V (275)@ \ (100)? \ (258)®
Docycycline V(@)©
Others Lincomycin V (10)® \ (503)® \ (2666) ©
2-hydroxy-3- V (128.8)"?
phenylpyrazine
Metronidazol ' (130400)"
Ceftazidim v (5000)?
Cefotaxime V (349.5)@
Cephalexin \ (4137.5)@
Ceficime V (43.33)@
Ampicilin

Wandrieu et al.

(2015)? Binh et al. (2017)® Chau et al. (2015} Duong et al. (2008J® Hoa et al. (2011)® Le and

Munekage (2004)”) Lien et al. (2016)® Managaki et al. (2007b{ Shimizu et al. (2013}*? Sy et al. (2017)¢V
Takasu et al. (2011%:?Vo et al. (2016)

3. Sour ces of antibiotics to the aquatic environment

3.1. Aquaculture
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3.1.1. Antibiotic usein aquaculture

Use of antibiotics in aquaculture is a common pecadh Vietham to treat or prevent infections, and

promote growth of the batches. The utilization mensive farming method, which facilitates the
development of several bacterial diseases, hasqaastly led to an increase in antimicrobial uses.
This topic has been the focus of previous revietsua antibiotics in the aquatic environment of

Vietnam (Thuy et al., 2011; Rico et al., 2013).

In Vietnam, a range of antibiotics are approvedhgyMinistry of Agriculture and Rural Development
(MARD) to be used legally in aguaculture. More tHz(h antibiotics belonging to sulfonamidg,
lactam, quinolones, macrolides, cyclines and sotheraantibiotic groups are allowed to be used in
limited quantities (Table 2). At the same time, sorbroad spectrum-antibiotics such as
chloramphenicol, most of fluoroquinolone and nitn@azole groups are banned in aquaculture due to
their potential impacts on human health upon comdiom of the aquaculture products (MARD,
2014). The number of antibiotics that can be usedquaculture in Vietham is much higher than in
other countries such as the United States, whehg #rantibiotics (oxytetracycline, florfenicol,
sulfadimethoxine, and ormetoprim) can be used uaeglture (Chuah et al., 2016). The large number
of antibiotics allowed to be used in this industmgkes it difficult to control their use and likedy

increase the risk of irrational use and environmalepollution.

Table 2. Allowed and banned antibiotics in Vietham aquagdtpractices (MARD, 2014)

Allowed with limit use Banned
Amoxicillin Difloxacin Oxytetracycline Chloramphesul
Ampicillin Emamectin Paromomycin Dimetridazole
Benzylpenicillin Erythromycin Sarafloxacin Enrofloxacin
Ciprofloxacin Flumequine Spectinomycin Fluoroquimués
Chlortetracycline Lincomycin Sulfonamides Florfewii
Cloxacillin Neomycin Tetracycline Glycopeptides
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Colistin Ormetoprim Tilmicosin Metronidazole
Cypermethrim Oxacillin Trimethoprim Ronidazole
Danofloxacin Oxolinic acid Tylosin Ipronidazole
Dicloxacillin

The use of antibiotic in aquaculture varies with fipecies and raising stages. According to Tai4R00
there were 138 antibiotic formulations among 376dpcts for aquaculture in Vietham, accounting
for 36.7 %. The numbers of antibiotic products difeerent for each species. For example, 39 inl tota
of 98 products for production of shrimp larvae e@méd antibiotics (39.8%), while it is 14/29
(48.3%) for marine finfish, 41/74 (55.4%) for fresdter-caged fishes, and 31/67 (46.3%) for pond-
cultured fishes used. Notably, a survey by Ricalet(2013) reported 100% use of antibiotics in
Pangasius farms while only 2.9% shrimp farms used this grofigrugs. The percentage of fish farms
using antibiotics in Vietnam is considerably highiean in other countries (tilapia farm in Thailand:
9.7%; in China: 16%). Th€&angasius farms in Vietnam also used a wider variety of laintics
covering 10 different classes (penicillins, amiryagkides, cephalosporin, quinolones, tetracyclines,
amphenicols, polymyxin, diaminopyrimidines, rifanmg and sulfonamides). The most common
antibiotics are enrofloxacin (quinolones) (69% farm used), florfenicol (amphenicols) (63%),
sulfamethoxazole (sulfonamides) in combination wiimethoprim (44%), doxycycline (cyclines)
(34%). On average, each farm used 3 different mmittbproducts, with 10% used up to 5-6 antibiotic
products. Some products even contained mixture itférent antibiotics (sulfadimethoxine and

ormetoprim; sulfamethoxazole and trimethoprim; aprein and levofloxacin).

Quinolones, especially fluoroquinolones, have bée®m most widely used synthetic antibiotics
because of their relative stability in water andliseent (Le and Munekage, 2004) although
fluoroquinolones are now banned from used (MARDL,A0Quinolones antibiotics are used in larvae
stage (ciprofloxacin) and postlarvae to adult stagefloxacin, oxolinic acid) (Thuy et al., 2011) o

all stages (enrofloxacin) (Pham et al., 2015). {Dgd are used for larvae such as oxytetracycline,
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doxycycline, chlortetracycline, tetracycline (Phatmal., 2015). Sulfonamides antibiotics are used in
post-larvae to adult stage (sulfonamides, trimetinoy sulfadiazine; sulfadimethoxine (Thuy et al.,

2011; Pham et al., 2015).

3.1.2. Antibiotic residues from aquaculture

There were antibiotics of various groups deteatedater bodies that receive wastewater from shrimp
or fish farming due to their common use. AccordiagGiang et al. (201501,6% of surface water
samples taken in the Mekong Delta that receivedemasger from aquaculture contains 1 antibiotic
and 55,2% contains 3-4 antibiotics. Antibiotics ridu in aquaculture wastewater including
sulfonamides, macrolides, cyclines and quinolones gnd Munekage, 2004; Takasu et al., 2011,

Shimizu et al., 2013; Andrieu et al., 2015; Giahgle 2015) with details shown in Table S1.

Due to the wide use of fluoroquinolone antibioticsaquaculture, they have been detected frequently
in a variety of aquatic environments at differenheentration levels. It is reasonable to see that
enrofloxacin, the antibiotic consumed most freglyentas found at the highest concentration, up to
680 ng L' at the discharged point of the wastewater pipdliom aPangasius catfish farm into the
canal (Andrieu et al. 2015), higher than ofloxaaird norfloxacin (238.6 ng'tand 44.4 ng L) in

shrimp farm wastewater, respectively (Takasu €2Gl1).

It is noted that although fluoroquinolones, speailly enrofloxacin, are banned in aguaculture since
2009 (MARD, 2014), they were still reportedly usedatfish farming (Andrieu et al., 2015; Giang et
al., 2015) as well as shrimp farming (Chi et aD12). And the intensive use of antibiotics in
aquaculture not only contaminates the water bub dle sediment phase because antibiotics
accumulated in sediments along with the settlingrafonsumed feed particles. The incorporation of
fluoroquinolone antibiotics into the sediment prolyaincreases their persistence in the environment

and subsequently prolongs their adverse impactficeMunekage, 2004; Andrieu et al., 2015; Giang
10



175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

et al.,, 2015). Enrofloxacin was ubiquitous in trenals and rivers that received the aquaculture
wastewater with concentrations up to 59 rig &t a canal (Giang et al., 2015). Other quinolone
antibiotics (NOR, LOM and CIP) were detected inface water and wastewater collected in shrimp
farms, fish farm sites, fishponds integrated wity @nd duck farm. The integrated farming system
may be economically beneficial but also pose thke of contaminating antibiotics from husbandry to

aquaculture (Hoa et al., 2011). Oxolinic acid ar@concentrations in surface water in shrimp pond
were from 0.01 to 2.5 mgLand from 0.06 to 6.06 mg, similar to the levels measured in surface

water in surrounding canals (Le and Munekage, 2004M was detected in fishpond integrated with

pig farms at concentrations up to 35.9 nfy(Lakasu et al., 2011). CIP and LOM was not detkirie

wastewater from shrimp farm (Takasu et al., 2011).

SMX, SDZ and TRI were detected in high frequencg @nd Munekage, 2004; Hoa et al., 2011,
Giang et al., 2015). This is in agreement with ghevalent use of sulfonamide — containing products.
Other sulfonamides such as STZ, SMR, SMZ, SDX wwedetected in any sample from shrimp
farm and pig/fish farm (Hoa et al., 2011). Maxim@&lX concentration in shrimp farm surface water
was 2.39 mg ! (Le and Munekage, 2004), several times higher thashrimp farm wastewater of
914 ng ! (Hoa et al., 2011; Shimizu et al., 2013). SMX attdm layer in surrounding canals were
as high as that in pond water (about 5.57 iy (Le and Munekage, 2004). TRI concentration in
shrimp farm water was up to 2.03 mg,labout 1.2 mg t at bottom water in surrounding canals (Le
and Munekage, 2004) and in wastewater was up tg85' (Hoa et al., 2011). SMX and SDZ were
detected at comparable concentration in canal$viegevastewater from the hatchery aPahgasius
farms (135 and 108 ngi, respectively) (Giang et al., 2015). However, istewater from fishponds
integrated with pig farm, SDZ concentration canlBetimes higher than SMX, which were 6662 ng
Lt and 625 ng Lt (Hoa et al., 2011). The difference in concentratis the two compounds was

observed in case of fish/duck pond where SDZ canaton was 28 times larger than SMX (1966 ng

11
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L't and 70 ng ) (Shimizu et al., 2013). Therefore, it is conclddeat SMX was mainly used in
shrimp ponds while SDZ was more dominant in pignfamtegrated with fish ponds (Hoa et al., 2011).
However, in another study, SMX was not detectedvastewater samples of many shrimp farms

(Shimizu et al., 2013).

Macrolides were detected in shrimp farms, fishpontisgrated with pig farms in northern Vietnam,
however, their concentration is far below thosecity canals, which were believed to be severely
impacted by human activities (Hoa et al., 2011)ytliomycin (ERY) was the most common
macrolide detected. It was found in both kinds aktewater samples from shrimp farms and pig/fish
integrated farms at the concentration up to 0.28 igand up to 63.9 ng 1, respectively. CLA
concentration was low, maximum 0.4 ng &t pig/fish farm. SPI, ROXI and AZI were not degztin

these samples (Shimizu et al., 2013).

Although cyclines antibiotics were used widely, ytheere not detected in high frequency and high
concentration probably because they degrade quasidiyare not easy to analyze. Only one study has
attempted to measure this antibiotic group in agltae in Vietnam (Shimizu et al., 2013). OTC was
the most common cycline antibiotic and was the amyg detected in wastewater of pig/fish farm with
concentration up to 36 ng'L Concentration of OTC, TC in shrimp farm wastewatere 18 ng [!

and 17 ng L%, respectively. DOX was not detected in any sample.

LIN was the only lincosamide antibiotic under intrigation in studies in Vietnam. It was found at

concentration up to 416 ng'lin pig/fish farm (Shimizu et al., 2013).

3.2. Husbandry

3.2.1. Antibiotic usein husbandry

12
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Similar to the case of aquaculture, antibiotics wsed in husbandry in Vietham in order to treat and
prevent diseases as well as promote growth. Somit@aits of high risk are banned while some are
allowed to be used in limit quantities for vetermgurpose (MARD, 2014). Those banned are
chloramphenicol, furazolidon, dimetridazole, metdazole, eprofloxacin, ciprofloxacin, ofloxacin,
carbadox, olaquidox, and bacitracin Zn while thegth limited use are spiramycin, avoparcin,
virginiamycin, meticlorpidol, flavophospholipol, lsgomycin, avilamycin, monensin, tylosin
phosphate. Additionally, there is a list of 15 hittiics for growth promotion with specific dosades
each species including bambermycins, bacitracinrhyhete disalicylate, chlortetracycline, colistin
sulphate, enramycin, kitasamycin, lasalocid sodidimgomycin, monensin, narasin, neomycin
sulphate, nosiheptide, salinomycin sodium, tylgshosphate, virginiamycin (MARD, 2016) (Table

3).
It was reported that of 1174 commercial feed préslawailable in the market, 43.7% contained at
least 1 antibiotic with 5.4% and 21.5% of chickemd ig feed formulations contained 2 or more

antibiotics, respectively (Cuong et al., 2016). iBacin and chlortetracyclines were the most common

antibiotics used in feeds for both chicken and pig.

Table 3. Allowed and banned antibiotics in Vietham aquaa@étpractices (MARD, 2016).

Allowed with limited use Forbidden

General use Growth promoters
Avilamycin Bacitracin methylene | Monensin Chloramphenical
disalicylate
Avoparcin Bambermycins Narasin Dimetridazole

Flavophospholipol

Chlortetracycline

Neomycin suligha

Metronidazole

Monensin Colistin sulphate Nosiheptide Eprofloxacin
Meticlorpidol Enramycin Salinomycin sodium  Ciprafiacin
Salinomycin Kitasamycin Tylosin phosphate Ofloxacin
Spiramycin Lasalocid sodium Virginiamycin Carbadox

13
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Tylosin phosphat Lincomycin Olaquidox

Virginiamycin Bacitracin

Antibiotics used as growth promoters for pigs wergch more common in industrial scale farms (up
to 66.7%) than in semi-industrial scale (up to 43 &nd household farms (up to 20.0%) in the North
of Vietnam (Kim et al., 2013). Similarly, the pentage of farms using antibiotics for disease
prevention for piglets, fattening pigs, breedingiiry and laying hens in household farms is lessmth

in the corresponding industrial production systekswever, a number of farms used multiple (3-6)
antibiotics for pig and chicken productions (26.@f@ 16.7%, respectively). In the Mekong Delta, all
chickens and pigs were administered antibiotideadt once in their life to prevent or treat digsas

with 50% of the products contained 2 or more aatibs (Nguyen et al., 2016).

Use of 10 antibiotic classes in the North were regzbby (Kim et al., 2013) while 8 antibiotic class
were reported in the South (Cuong et al., 2016)odig (TYL), gentamycin, colistin, enramycin,
ampicillin, salinomycin and chlortetracycline warged in high frequency (Kim et al., 2013; Nguyen
et al., 2016). Surprisingly, chloramphenicol, dyitidanned antibiotic was also found in use in a pig
farm (Nguyen et al., 2016). There were concernd #wne antibiotics like salinomycin and
spiramycin were used in a large quantity despitadoeestricted by the legislation (MARD, 2014) as
well as colistin, a critically important medicinédsr humans, had a widespread use for animal in
Vietham (Nguyen et al., 2016). A preliminary estiioa indicated that the annual amounts of
antibiotics used for chicken and pig productionavé?.2 tons and 981.3 tons, respectively (Cuong et

al., 2016).
3.2.2. Antibiotic residues from husbandry

Only three studies so far have monitored the rediduntibiotics originated from husbandry in
Vietham (Managaki et al., 2007b; Hoa et al., 20%f&imizu et al., 2013) but the findings of those
studies are important because some antibiotics ¥aened at extremely high concentrations. The

14



261 targeted compounds were limited to four classesutfonamides, macrolides, lincosamides, and
262 cyclines. It is noted that the antibiotic found lwhigh frequency in use such as spiramycin (Kim et

263 al., 2013) was not monitored in the above mentistadies.

264 SMX and SMT were the prevalent sulfonamide antibgodetected in wastewater from livestock
265 farms. In most wastewater samples from pig farrT $/as higher than SMX. In contrast, SMX was
266 the dominant in wastewater from cow, chicken anckdarms. Very high concentrations of SMT (as
267  high as 19153 ngt) were detected near pig farms (Managaki et al07a0 Hoa et al., 2011) but
268 lower concentrations were measured near other fafime maximum concentration of SMX was
269 lower than those of SMT but still very high (up2@15 ng L) near another pig farm. Trimethoprim,
270  an antibiotic usually used in combination with SMifas detected at concentration up to 96 fg L
271  (Shimizu et al., 2013). SDX was detected at lovqiiency, with maximum concentration of 4 ng L
272  (Shimizu et al., 2013). SPY, STZ and SMR were netected in any samples (Managaki et al.,

273 2007a).

274 ERY was the most commonly detected macrolide inewaglated to husbandry activities with
275  concentration up to 64 ng™L Tylosin was not detected as frequently as ERY itsumaximum
276  concentration was much higher, up to 381 fg This prevalence was in accordance with the survey
277  of Kim et al. (2013). CLA was only detected at camd duck farm at concentration below 0.4 iy L
278  (Shimizu et al., 2013). AZI, ROX were not detectgdany site (Managaki et al., 2007a; Shimizu et

279  al., 2013).

280 LIN was detected in all samples taken from pig fasow farm, chicken farm, and duck farm.

281  Maximum concentration of this antibiotic was 503Lignear a chicken farm (Shimizu et al., 2013).

282 OTC was detected at the highest frequency with eaination up to 900 ng'tin pig farm in Can Tho
283  (Shimizu et al., 2013) but not detected in pig fanm Ho Chi Minh city (Managaki et al., 2007a;

284  Shimizu et al., 2013). It was also detected in exater of a cow farm with concentration up to 726
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ng L. TC was detected at lower frequency and lower eotration than OTC with concentration up
to 275 ng ! in pig farm, 7 ng [* in cow farm. And both of them were not detectedlitken and
duck farms (Shimizu et al., 2013). DOX was deteat®ly one time at concentration of 1 ng In a

pig farm in Can Tho (Shimizu et al., 2013).

In an attempt to figure out the presencefdactam antibiotics in the environment, a degrauati
product of ampicillin and othe-lactam antibiotics with similar structure - 2-hgay-3-
phenylpyrazine was suggested as a marke-factam antibiotics in the environment. It was fdun
household ponds in Hanoi and Thaibinh, which lotaiesed to livestock farms at concentration 4.5

—128.4ng [ and 10 — 128.8 ng'L(Sy et al., 2017).

3.3. Hospitals
3.3.1. Antibiotic usein the hospitals

Vietnam has almost 1200 hospitals, most of thenlipoines, with about 200,000 beds (Anonymous,
2012; Thu et al., 2012). Pharmaceuticals used ihogipitals are regulated by the Ministry of Health
Vietnam and provided through a bidding system. &ablpresents the 2016 pharmaceutical bidding
list. There are 8 groups in total. The beta lactath 36 antibiotics is the most common followed by
the sulfonamide group (9 antibiotics). The quin@omacrolide and aminoglycoside groups share
similar number of antibiotics listed (7, 6 and éspectively). From our literature search, there7are
studies, 1 review (Nguyen et al., 2013) and 1 refamonymous, 2016) on the use of antibiotics in
hospitals in Vietnam, indicating the increasingeation on the issue of appropriate use of antitsoti
The surveys were done in 15 hospitals (national @osincial levels) by (Nguyen et al., 2013), 36
hospitals by Thu et al. (2012), 14 hospitals (Tidey and 7 provincial hospitals) by Phu et al. (@D
and 3 studies in 3 national hospitals (articled/iatnamese) (Hin et al., 2011; Hti et al., 2013;

Thing, 2013).
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Table 4. Pharmaceutical bidding list issued in Circular2Dd/6/TT-BYT, Ministry of Health

B-lactam group

B-lactam group (cont.)

Sulfonamide group

Tetracycline group

Amoxicillin Doripenem Sodium sulfacetamide Doxydye
Ampicillin Ertapenem Sulfadiazinlo Minocycline
Benzathinbenzylpenicillin Imipenem Sulfadimidin Tetracycline
Benzylpenicillin Meropenem Sulfadoxin
Cefaclor Oxacilin Sulfaguanidin Nitroimidazole
group
Cefadroxil Piperacilin Sulfamethoxazole Metronidigzo
Cefalexin Phenoxymethylpenicilin Sulfasalazin Secnidazole
Cefalothin Procainbenzylpenicilin | Pyrimethamin Tinidazole
Cefamandol Sultamicillin Pernamidin
Cefazolin Ticarcillin Others
Cefdinir Phenicol group Clindamycin
Cefepim Aminoglycoside group | Chloramphenicol Colistin
Cefmetazol Amikacin Triamphenicol Daptomycin
Cefoperazon Gentamicin Fosfomycin
Cefotaxim Neomycin Quinolone Fusafungine
Cefotiam Netilmicinsulfat Ciprofloxacin Linezolid
Cefoxitin Tobramycin Levofloxacin Nitrofurantoin
Cefpirom Spectinomycin Moxifloxacin Nitroxolin
Cefpodoxim Nalidixic acid Rifampicin
Cefradin Macrolide Norfloxacin Teicoplanin
Ceftazidim Azithromycin Ofloxacin Vancomycin
Ceftezol Clarithromycin Perfloxacin
Ceftibuten Erythromycin
Ceftizoxim Roxithromycin
Cefuroxim Spiramycin
Cloxacilin Telithromycin
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A research carried out across 36 general hosgizaiational level, 18 provincial level, and 16 didt
level) in Vietham in 2008 pointed out that 67.4%atients were prescribed antibiotic (Thu et al.,
2012). However this percentage in outpatient pnesen was much lower (29% in Bach Mai
Hospital, a national general hospital in Vietnamhihg, 2013). The use of antibiotics also varied
depending on the departments. For examples, in passs, the antibiotics were prescribed in the
departments with high risk of infections such asgety wards (93.2%), Odonto-stomatology
department (92.8 %). In 2012, in pediatric depanimef Hospital Central Thai Nguyen, 100%
children aged from 2 months to 5 years old with ampptly acute respiratory infections were
prescribed antibiotics although only 54,9% patidrds clinical infectious expression and positive to

infectious test (Hé et al., 2013).

Among the 8 antibiotic groups in the hospital-bidylist, six have been reported to be prescribed in
the hospitals {-lactam, aminoglycoside, macrolide, quinolone, iazidle and sulfonamide groups)
(Thu et al., 2012; Nguyen et al., 2013; Phu et2816). The phenicol group such as chloramphenicol
was considered the “older” antibiotics and mairtydsin pharmacy retailers (Nguyen et al., 2013).
Tetracycline group was not specifically mentionadthose studies. However, there were a group
called “other antibiotics” in those studies thatyn@ntain this antibiotic group and the rest of the
antibiotics in the Table 2. The most common présctiantibiotic group wag-lactam. Second and
third generation cephalosporins and carbapenems e most common used antibiotics at all
hospitals, followed by fluoroquinolones, broad-gp@m penicillins, aminoglycosides, and
macrolides. Expenditure of carbapenems has comddba remarkable part in the treatment budget
(12.3%) indicated that this group is been increggirused in treatment in all hospitals. Older
antibiotics such as phenicols, betalactamase sengienicillins, lincosamides are used little in
treatment. Colistin only accounted for a small ifact{about 3.3%) of general use but was frequently

used agent for specific indications such as hdspitguired infections (Phu et al., 2016). In many
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cases, combination of antibiotics was prescrib@l% outpatients in Bach Mai hospital and 66,3%
children in pediatric department of Hospital Cehirhai Nguyen were treated with more than one
type of antibiotics. In particular, 20% cases ofil@intic combination prescription for children were

composed of 4 antibiotics (Kt al., 2013; Téng, 2013).

The inappropriate antibiotic prescription appearbe common in Vietnam (Mao et al., 2015). This
can lead to the development of antibiotic resisbauteria. Approximately one third of the patieints

36 general hospitals in Vietnam received inappaipriantibiotic prescription. Antibiotics such as
carbapenems that were considered as the last dndi@ating multi-drug resistant bacteria wereduse
extensively at Department of Anesthesiology andnieation, Viet duc Hospital (24.9% patients in
2010). Carbapenems were selected as empiric schieni@s5% of patients althoughcinetobacter

spp and Pseudomonas aeruginosa were highly resistant to imipenem and meropergelién et al.,
2011). Due to the easy access to drugs in retglemacy stores, a number of patients used
antibiotics without prescription. In a study, 71.@¥patients had used antibiotics before admission
into the hospital, of which, the rate of usipdactam family was 76.2%. Notably, these patiemés a
children and their parents give them the drugsé(Btual., 2013). The fact that people can purchase
antibiotics without prescription in pharmaceuticatailers makes the difficulties in controlling the

actual use of this drug.

3.3.2. Antibiotic residues from hospitals

Despite an extensive use of antibiotics with lgpgéential of irrational use in the hospital system
Vietnam, there have been only three studies pudadistwo in Hanoi (Duong et al., 2008; Lien et al.,
2016) and one in Ho Chi Minh city (Vo et al., 2018he hospitals covered in the studies were
operated either with a wastewater treatment pEBitspital and 24 healthcare facilities) or withou
a wastewater treatment plant (5 hospitals). Howeosly in 3 hospitals, residual antibiotics were

measured in wastewater samples before and afegnmteat (Duong et al., 2008; Lien et al., 2016).
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The remaining hospitals had antibiotics measurdg iarraw wastewater even though many hospitals

had the wastewater treatment plants.

Antibiotics belonging to quinolone, sulfonamide, ard@ide, cycline andB-lactam classes were
detected in wastewater from all studied hospital¥ietham. This finding confirmed the widespread
use of antibiotics in the hospitals. However, thenber of antibiotics as targeted compounds was
limited. For examplep-lactam antibiotics, the most prescribed ones, wetancluded in all studies.

And only one study measured ceftazidim (CEF), alteneration cephalosporin (Lien et al., 2016).

CEF was detected only in 2 samples in wastewatarrafal hospital while it was not detected in any
sample from an urban hospital (Lien et al., 20TI®k low detection frequency of this new generation

antibiotic is probably a good sign that it has beeerused yet.

In contrast, concentrations of quinolone antibetwere relatively high. CIP was detected in all
samples collected from wastewater discharged fribstwadied hospitals (15 in Ho Chi Minh City and
8 in Hanoi) with the highest concentration of CF83.3ug L™ in influent and 53.3ig L™ in effluent

of a rural hospital treatment plant (Lien et abl18). NOR and OFL were also detected in most
wastewater samples in Ho Chi Minh City (Vo et &016) and in Hanoi (Duong et al., 2008) in
comparable range of severaj L™, respectively. Only one influent sample from abaur hospital in

Hanoi has a very high concentration of OFL of lfyIL™ (Lien et al., 2016).

Wastewater treatment reduced concentrations ofotprie antibiotics but CIP, NOR and OFL were
still detectable in most effluent samples, e.gmfrb.2 — 1.8ug L™ for NOR (Duong et al., 2008) or
from 0.8 — 19.8ug L™ for OFL (Lien et al., 2016). The levels of redoctivaried among the
qguinolones and varied between studies, which mightlue to the different treatment methods and

sampling uncertainties.

Only one sulfonamide, SMX, was monitored in hodpitastewaters in Vietnam. It was detected in all

raw wastewater samples in Ho Chi Minh City (0.6ttéug L) (Vo et al., 2016) and in Hanoi (0.2 —
20
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31.4pg LY (Lien et al., 2016). TRI was found in samplestaoring SMX because these two active
ingredients were commonly used in combination. TRhcentration in raw wastewater was lower
than SMX, ranging from 1.0 + 0,89 L™ in Ho Chi Minh City and from 0.1 — 224 L™ in Hanoi
respectively. Both SMX and TRI remained in thewedfit of the treatment plants in most of samples

even in relatively high concentration of 2Q@ L™ for SMX (Lien et al., 2016).

A macrolide antibiotic, spiramycin was found in abd5% to 75% samples from 2 hospitals in Hanoi
with concentrations ranging from 0.2 — 2@ L™ (Lien et al., 2016)Erythromycin was found in 80%
wastewater samples collected in Ho Chi Minh Cit2(dg L™) while tetracycline was also detected

at average concentration of Qud L™ but at lower frequency (20%) (Vo et al., 2016).

3.4. Phar maceutical manufacturers
3.4.1. Antibiotics from phar maceutical manufacturers

Vietnam has a fast growing pharmaceutical industmneet the demand of the population, which was
recently reviewed by Angelino et al. (2017). Indbrithere are 189 pharmaceutical facilities that ar
allowed to manufacture in 2017 (Drug Administratafrivietnam - 3/2017), compared to 131 in 2014
and 101 in 2010 (Angelino et al., 2017). Drug spegger capita doubled from 22.25 USD in 2010
to 44 USD in 2015, and estimated to double agaeryefive years. However, the pharmaceutical
industry in Vietnam depends largely on importedvacingredients and excipients (90%) from other
countries and is characterized mainly as producesmple dosage/generic forms with low values
(Angelino et al., 2017). With widespread use ofitaatics as described in previous section, the

industry is likely to have a very good market foeit antibiotic products.

For this review, we attempted to collect the actpabduction data of the pharmaceutical

manufacturers. However, it is not feasible throtigh Drug Administration of Vietham because the
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Administration only controls the registration oftimotics or drugs in general, not the amount of
production (MoH, 2013). To overcome this lack ofomnmation, we attempted to estimate the drug
production of through the importation data, as nudghe active ingredients, particularly antibistic

were imported from other countries (Nguyen and Reagl, 2015).

The amount of imported raw materials for productdmntibiotics can be extracted from the database
of the Vietnam Customs Department. Figure 1 presém¢ amounts of antibiotics imported into
Vietham from 2014-2016. Overall the amount of impdrantibiotics increased over the tinfle.
lactam antibiotics, especially amoxicillin, amplicii the 2° generation cephalosporin (e.g.
cefuroxime), and the'8generation cephalosporin (e.g. cefixim) antib®tieere imported in higher
guantities than the others. Quinolones antibiotiese also imported in considerable amount, in which
ciprofloxacin was the quinolone antibiotic importediargest quantity. Erythromycin, neomycin and

doxycycline were the most imported macrolide, argipcoside and cycline antibiotics.
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Figure 2. The amounts of antibiotics imported into Vietndoring 2014-2016
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3.4.2. Residual antibiotics dischar ged from pharmaceutical manufacturers

Pharmaceutical manufacturers have been identifeal gotential source of pharmaceuticals including
antibiotics in the environment (Caldwell, 2016).récent review reported that in China and India,
where most of the generic antibiotics are produtieg concentrations of popular antibiotics like OTC
or CIP in effluent from pharmaceutical facilitiesutd be more than several mg (Cardoso et al.,
2014). As Vietnam produced a large number of aatiibiproducts in its factories this industry might
also be an important source of antibiotics in theadic environment in Vietnam. However, our search
did not result in any publication on this topic\fietnam except those from our own group. The first
study in this area in 2014 only analysed a group4 afephalosporins in effluent samples from
pharmaceutical factories and reported the cond@msaof cefixime ranging from 19.24 to 43.38

L™ (Hue et al., 2014). A more recent study has fohigth concentrations of quinolones, macrolides
and sulfonamides in canals downstream from thehdig®e points of the pharmaceutical factories
(Binh et al., 2017). Popular antibiotics measureaenOFL (1.2.9 L), cefotaxime (1.3ig L), AZI
(2.8ug L), CLA (2.4pug LY, SMX (1.1pg L™, and TRI (0.9ug LY. Cephalexin is the onl§-
lactam antibiotic detected at high concentration downstream samples (44g L™). These
preliminary findings suggested that wastewater frpharmaceutical manufacturers could be an
important source of antibiotics in the environmehtietnam and a more systemic research in this

area is needed.

3.5. Residual antibiotics from household consumption in urban drainage, city canals, suburban

canalsandrivers

In Vietham, wastewater from the above-mentionedrcesiand wastewater from household were
discharged into suburban canals, city canals, amast In many cities and rural areas, this wager i
not treated by any wastewater treatment plant. @atgntly that centralized wastewater treatment
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plants have been constructed, starting in largescguch as Hanoi, Da Nang and Ho Chi Minh City.
By 2013, a total of 20 urban wastewater treatmgsiiesns were in operation, covering less than 10%
of the total wastewater generated in Vietham (Wa&dahk, 2013). Subsequently, water from these
bodies could be used as supply water for agricllfractices and in some rural areas it could lee us
for human use purpose (Giang et al., 2015), whachpose a very high risk of exposure to antibiotics
and even antibiotic resistant bacteria. As suchrethwere two studies specifically monitoring of
antibiotics in lakes (Yén et al., 2016), canals audr water (Chau et al., 2015) besides otherissud
that measured antibiotics among sampling sites theavarious sources mentioned above. Yén et al.
(2016) measured quinolones, sulfonamides and thiopeim in water of two important lakes in
Hanoi. Chau et al. (2015) monitored ampicillin, GLBRY, griseofulvin, lincomycin, oleandomycin,
ROXI, SPI, SDZ, SMX, sulfanolamide, SPY, and TRhain rivers in big cities in the North, Central
and South part in Viethnam. The concentration oibastics in canals is commonly higher than lakes

and rivers, all of which ranged from ng to someug L™.

Sulfonamide antibiotics were commonly detectedanat and river water. SMX was detected in all
samples collected in urban drainage in 3 big citre$oth North and South of Vietham (Hanoi,
Cantho, and Ho Chi Minh City) with concentratiomging from hundreds to thousands ng. L
However, SMX was not detected in any urban sampdected in Hue and Danang, 2 big cities in
central area of Vietnam (Chau et al., 2015). Theceatration was high in Hanoi 612 — 4330 nfj L
(Hoa et al., 2011) and Cantho 103-4030 fig$himizu et al., 2013) and lower in Ho Chi MinhCit
190 — 1008 ng t (Managaki et al., 2007b; Shimizu et al., 2013;r@iat al., 2015). In Hanoi, rivers
that received wastewater from industrial and doimesttivities, SMX was found at concentration
from 623 — 2159 ng £ (Chau et al., 2015). In 2 big lakes in Hanoi, whieceived directed
household wastewater, SMX was detected in highugeqy, however, at concentration lower than

city canals (104.3 ngt) (Yén et al., 2016). The concentration of SMX fe urban canals of Cantho
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was even higher than the wastewater from pig farr@antho, indicating that those canals could be
highly contaminated from different sources (Shimétual., 2013). In main city canals in Mekong
delta affected by industrial and domestic sour&4X was found with maximum concentration of
239 ng L, while in canals affected by aquaculture and déimesurces, the maximum concentration
was 185 ng ! (Giang et al., 2015). In city canals in MekongtdeBMX concentration was from 75
to 131 ng [*and from 25 to 313 ng't(Managaki et al., 2007b) (Shimizu et al., 2013)nparable to
suburban canals (11 — 308 ng)L(Shimizu et al., 2013), 63 — 313 ng (Chau et al., 2015). From
these observations, it is suggested that humaruogetgon could also contribute substantially to the
load of SMX in the environment (Hoa et al., 201ithegh we lacked the import data of sulfonamide

group to support this proposition.

The detection frequency of SMX was different amatgces. While the detection frequency was
100% in the Mekong delta (Shimizu et al., 2013)vass detected only in 1/14 samples in the Red river
(Chau et al., 2015). Fortunately, there was noatiete of SMX in ground/piped water (Giang et al.,

2015).

SMT was another sulfonamide antibiotic detected alh samples in urban drainage but at
concentration approximately 3-10 times lower th&XS18 — 88 ng [* in Hanoi (Hoa et al., 2011);

7 to 351 ng [ in Cantho (Shimizu et al., 2013), 67 - 251 nyih Ho Chi Minh City (Managaki et
al., 2007b; Shimizu et al., 2013). It is suggedteat the main source of SMT in the environment was
pig farms (Managaki et al., 2007b; Hoa et al., 20%kimizu et al., 2013); therefore it was not
detected in high concentration in urban drainagaVest Lake and Truc Bach Lake in Hanoi, which
were polluted by wastewater from household disahaB&MT was still detected but at concentration
up to only 34.8 ng & (Yén et al., 2016). Calculation based on the SMI¥Satio also suggested that
both sewage (urban drainage) and livestock wastéribated comparable amount of SMT in city

canals (ratio 0.1), suburban canals (0.4) and Mgkver (0.17 - 0.97) (Shimizu et al., 2013).
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A less prevalent sulfonamide, SDZ, was detectedain city canals in the Mekong delta affected by
industrial and domestic sources (63 i) Bnd in the city canals affected by aquacultut damestic
sources (26 ng ). More importantly, the river that located a pumpistation for human use
contained SDZ at concentration comparable to theénmanal (48 ng L) (Giang et al., 2015).
However, it was not detected in any samples inratbgearch (Chau et al., 2015). SND was found in
waste canals in Ho Chi Minh city at concentratigntai 593 ng [, much higher than almost all other
sulfonamides, however, it was not detected in otla@al and river samples (Chau et al., 2015). SMR
was detected in 2 big lakes in Hanoi (16.3 nd (Yén et al., 2016) but not detected in urban
drainage, city canals and river samples in othedies (Managaki et al., 2007a; Hoa et al., 2011,
Shimizu et al., 2013). Other sulfonamide antib®gach as STZ, SMZ, SDX were not either included
or detected at any site (Managaki et al., 2007ka Eibal., 2011; Shimizu et al., 2013; Chau et al.,

2015).

TRI is normally used in combination with SMX. Theme, it was not surprised when TRI was
detected in urban drainage with similar pattere I&MX. The distribution of TRI concentration to
some extent shared common trend with SMX: compgraigh in Hanoi (91 — 1808 ng) (Hoa et

al., 2011); high in Cantho (7 — 466 ng)L(Shimizu et al., 2013), and lower in Ho Chi MiBity (42 -
140 ng L") (Managaki et al., 2007b; Shimizu et al., 2013ar@j et al., 2015) and not present in any
urban water samples from Hue and Danang City (Gtal., 2015). In closed lakes in Hanoi, TRI
was found at concentration up to 69 n§ (Yén et al., 2016). Main city canals in Mekongtdehat
was affected by industrial and domestic sourcestandquaculture and domestic sources contained
TRI at concentration 111 ng'Land 163 ng L, respectively (Giang et al., 2015). Rivers in Hano
contained TRI at concentration from 28 — 176 fig(Chau et al., 2015). Its concentrations were lower
in Hau river (1-10 ng 1) (Shimizu et al., 2013) and Mekong river (Managetkal., 2007b) and was

not detectable in Red riverand Saigon river (Chaal.e2015). However, at a pumping station located
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in Hau River, TRI concentration was high (144 nY.LFortunately, there was no detection of these

sulfonamide antibiotics and TRI in ground/piped evdGiang et al., 2015).

The second antibiotic group that was prevalent iban drainage, city canals and rivers was
macrolide. Among the studied macrolide antibiotiERY is the most prevalent and detected in
highest concentration. It was detected in all urdesinage samples collected in three big cities in
Northern and Southern region of Vietnam: higheranoi 61-2264 ng t, lower in Cantho 28 — 231
ng L' and Ho Chi Minh city 104 — 600 ng'L(Shimizu et al., 2013), 29 — 39 ng Managaki et al.,
2007b). However, a lower detection frequency wasnted by Chau et al. (2015), in which only 1/4
waste canal in Ho Chi Minh City contained ERY ahcentration 86 ngL The distribution of ERY

in city canals shares the same pattern: highddaii 61.1 — 2246 ng't(Hoa et al., 2011), lower in
Mekong delta 31 — 41 ng’i(Managaki et al., 2007b) and not detected in HoMinh City (Chau et
al.,, 2015). ERY was not detected in suburban caf@lau et al., 2015) or detected at low
concentration 2-10 ng't(Shimizu et al., 2013). Despite the high detectite in urban drainage and
city canals in Hanoi, ERY was not detected in ®mgvreceiving waste in this city and Red River
(Chau et al.,, 2015). On the other hand, ERY wasidoin rivers in South of Vietnam at low
concentration and frequency: Hau river 1 — 12 ftghimizu et al., 2013) and Mekong river (9 — 12
ng L) (Managaki et al., 2007b). The considerably highBiYEconcentration in urban drainage in
comparison to husbandry and aquaculture wastesgetion 3.1.2 and 3.2.2) suggested that human
was a major source releasing ERY into water. Thesipte explanation was that ERY was imported in
considerable amount in 3 consecutive years 201616 for drug production (Figure 2) and macrolide
antibiotics were used at high consumption rateospitals (section 3.3.1.), while it was not enlilsés
the common antibiotic used in aquaculture and mdtya(section 3.1.1 and 3.2.1). Therefore the
urban drainage was polluted from this antibioticrenseverely than the wastewater from aquaculture

and husbandry farms were.
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541 CLA was another macrolide antibiotic commonly d&tdcin urban drainage and canals in Vietnam.
542  CLA distribution in urban drainage in big cities svthe same as ERY but at lower concentration
543  range: higher in Hanoi 2 - 778 ng-Llower in Cantho 5 - 256 ngl, (Shimizu et al., 2013), Danang
544 110 ng L*(Chau et al., 2015) and lowest in Ho Chi Minh Gty 92 ng L* (Shimizu et al., 2013), 13
545 —66 ng L' (Chau et al., 2015). However, in contrast to ERYA was found all samples collected in
546  rivers in Hanoi at concentration 29-169 ng (Chau et al., 2015). This is difficult to explaine to
547 the lack of dissipation properties of the two aiotilcs. City canals also contained CLA at different
548  concentration: as high as 1.6-778 ngjil. Hanoi (Hoa et al., 2011) and as low as 3-16 HgrLHo
549  Chi Minh city (Managaki et al., 2007b; Shimizu &t 2013). Suburban canals in Mekong delta also
550 contained CLA at very low concentration 1 - 8.7Lig(Shimizu et al., 2013; Chau et al., 2015). In
551 main rivers such as Red River, Hau River, CLA wated at low frequency (1/14 samples in Red
552  River, 3/25 samples in Hau River) at low conceirai6 ng L* in Red River (Chau et al., 2015) and
553 1 ng L* in Hau river (Shimizu et al., 2013). In other risesuch as Saigon River, Dongnai River, and
554 Mekong River, CLA was not detected. The high cotegion of CLA in urban drainage and low
555  concentration from agriculture wastewater led t® piheposition that CLA is mainly originated from

556 human consumption. The possible explanation isl@irto ERY case in the previous part.

557 A less prevalent macrolide antibiotic is ROXI. iasvdetected in urban drainage at concentration 1 —
558 125 ng L* in Hanoi (Hoa et al., 2011); 23 to 32 ng In Cantho and 2 — 55 ng'Lin Ho Chi Minh

559  City (Shimizu et al., 2013; Chau et al., 2015).#isingly, ROXI was detected in city canals in Hano
560 at very high concentration 726.9 ng &nd lower in Mekong delta at concentration 7 -871.igHoa

561 etal., 2011; Shimizu et al., 2013) and in rivéwastreceived wastewater in Hanoi 22 — 48 iig{Chau

562 et al.,, 2015). Main rivers such as Red River, Mekdtiver did not contain ROXI at detectable

563 amount. Similar to ERY and CLA, ROXI origination svbelieved to be from human consumption.
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Other macrolides were detected in city canals indilauch as AZl 90.8 ngt.(Hoa et al., 2011) or
rivers that received wastewater in Hanoi such a&ssgycin, oleandomycin (concentration 134 -621
ng L' and 369 — 530 ng't) (Chau et al., 2015), They were not detected bugwan canals and main

rivers such as Red River, Mekong river (Chau et2al15).

Another antibiotic group that was monitored andededd in city canals and rivers is quinolone.
Although the detection rate is lower than sulfordemand macrolide antibiotics, it is still worrisome
that ENR, a quinolone antibiotic was detected pti@ping station located in a river at concentration
49 ng L* (Giang et al., 2015). In lakes, ENR, CIP, OFL ah@R were detected at concentration
higher than the sulfonamides (73, 98.6, 211.7 adch@ LY). CIP, OFL, NOR and LOM were
detected in a city canal and lakes at concentratimsiderably higher than in aquaculture wastewater
(162, 255, 41.1 and 25.3 ng'lin canals, respectively) (Takasu et al., 2011; ¢érl., 2016). A
different trend was observed in case of ENR wheregas detected at lower concentration in main
canals that were affected by industrial and doroestiivities (22 ng L) than those affected by
aquacultural and domestic activities (55 rit).Lin lakes, ENR was detected at concentrationgZ8 n

! As mentioned earlier, ENR is banned in aquacelpractice. The higher concentration in canals
affected by aquaculture practice could reflect alation in using this antibiotic. The overall
concentration of quinolone in the water did notretate with the high consumption rate and import
amount of this group (see previous section 3.3dL3a#.1). This could be due to the quick absorption
of quinolone antibiotics into sediments and sollisTwas observed in a case reported by Yén et al.
(2016), the quinolone antibiotics were detectednirsediment with high frequency and at higher

concentration than the sulfonamide antibiotics iest\L_ake and Truc Bach Lake in Hanoi.

Lincomycin was the only lincosamides studied butas detected in all urban drainage and canals at
remarkable concentration. LIN was found in urbaairtage at equally extremely high concentration

in all 4 big cities in Vietnam (from North to So)ti481 ng [* in Hanoi, 748 ng L' in Danang, 132-
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2666 ng L' in Cantho, and 470-2661 ng'lin Ho Chi Minh City (Shimizu et al., 2013; Chauadt,
2015). In 5 rivers that receive wastewater in HaméN was detected in highest concentration in
comparison to the rest of all studied antibiot&87-1375 ng L. In suburban canal in Ho Chi Minh
City, LIN was also detected at concentration 110418g L* (Chau et al., 2015). In city canals and
suburban canals in Mekong delta, the concentratfdiN was lower, 9-188 ng t and 1-48 ng !
respectively, however the detection rate was 108#6ngizu et al., 2013). The ubiquitous detection
and high concentration of LIN in canals led to irevalence of this antibiotic in rivers. It was the
only antibiotic detected in Saigon River and Saipammgnai River downstream (Chau et al., 2015).
The detected concentration in Hau River and Re@Rivas 1-15 ng T (Shimizu et al., 2013) and
120 ng [* (Chau et al., 2015). Interestingly, in wastewdtem shrimp and pig/fish farm LIN was
detected but in much lower concentration (see ptesvisection 3.1.2 and 3.2.2). This led to an

assumption that other sources than this aquacwdhaédusbandry is responsible for LIN emission.

Cyclines were detected in urban drainage, city lcan@urban canal and river but in considerablyg les
frequency than the above-mentioned antibioticsurtman drainage, TC and OTC were detected in
only 2 samples at concentration 258 nfy(In Hanoi) and 316 ng't.(in Cantho), respectively. In city
canal, suburban canal and rivers, only OTC wasctisleat concentration less than 5 iy 26 ng L

Yand 7 ng [* (Shimizu et al., 2013).

Only onep-lactam antibiotic, ampicillin was studied and iasvdetected in rivers in Hanoi city at
concentration 425 - 643 ng'Lwhile it was not detected in any urban canalsusdn canals and
rivers (Chau et al.,, 2015). This is a surprisingseation since ampicillin is unstable in the
environment (Sy et al., 2017). As mentioned bef@rbydroxy-3-phenylpyrazine was suggested as a
marker for ampicillin and othd¥-lactam antibiotics in the environment. It was dé&td in Thai Binh
River (located in Red River Delta region) and Megdriver in Cantho (Mekong Delta region) at

concentration 1-8 — 413.3 ng*land 1.3 — 6.8 ng 1, respectively. The higher concentration was
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detected in locations near hospitals (Sy et all,/20This is also in accordance with the spreadofise

this antibiotic in hospital (see section 3.3.1).

3.6. Comparison with the situationsin other countries

Comparing to the concentrations of antibiotics regm in surface water all over the world
(Kimmerer, 2009a), the concentration of those bane drainage and canals in Vietnam as described
above, i.e. sulfonamides (SMX 1900 ng, ISMT 220 ng ), macrolides (AZI 20 ng t; ERY 1700

ng LY, CLA 37 ng '}, ROXI 560 ng [%), quinolones (CIP 30 ng'l, NOR 120 ng [}, OFX 20 ng L

) and cyclines (TC 110 ng™. chlortetracycline 690 ngl, OTC 340 ng [}), are comparable or
slightly higher. However, comparing to surface wateolluted with antibiotics from drug
manufacturers in China, India and Pakistan, theceotnation of antibiotics in surface water in
Vietnam is considerably lower (OTC 721 000 ri§ib China, CIP 6500000 ng'Lin India, SMX 49

000 ng L* in Pakistan) (Larsson, 2014).

In rivers and lakes in Vietnam, antibiotics werentoon (18/25 antibiotics were detected, comparing
to 14/22 antibiotics in streams susceptible to aombation in the United State) (Kolpin et al., 2D02
The concentration of some antibiotics, except ERY rfg L* in Vietnam vs 1700 ngtin the US),
especially in rivers impacted by the aforementiopeliution sources in Vietham exceeded the one in
the US (e.g. CIP: 98.6 ng'Lin Vietnam vs 30 ng tin the US, LIN: 1373 ng t vs 730 ng L}, SMX
2159 ng [* vs 1900 ng [} (Kolpin et al., 2002). In Europe, the maximum oemtzation of antibiotics
reported in river water samples considerably lathan in those in Vietnam (except SMX — 1500 ng
L™ in comparison to 2159 ngliin Vietnam) (macrolides such as AZI 16633 ri§j CLA 2330 ng L

! ERY 3847 ng [}, quinolones such as CIP 9660 ng, IOFX 1903.6 ng !, NOR 442.8 ng L,

sulfonamides such as SDZ 5000 iy BMT 5000 ng [; sulfapyridine 5000 ngL...) (Carvalho and
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Santos, 2016). However, the contamination sounctsenced on these rivers were not mentioned

clearly. There were also rivers with substantitdlyer concentrations of antibiotics than others.

4. Environmental risk of antibiotic residues

The antibiotic residues in aquatic environment ascdbed above can be taken up by plants or
organisms/animals in the environment and triggeintended effect. Like most of other active
pharmaceuticals found in the environment, antibioéisidues can pose some risks to human and

animal health.

The general potential effect of antibiotic residigesn the function of ecosystems. Because aniiisiot
are compounds that can kill or inhibit the growtmacroorganisms, they are likely to tip the balanc
of micro-organisms in the ecosystem. For examptgjcaltural farms irrigated by wastewater
contaminated with antibiotic residues can loseitgortant bacteria group for nitrogen fixation due
to the effect of residual antibiotics. Or similarigntibiotic residues in wastewater can disrupt the
activities of microorganisms involved in the treatrh of both household wastewater (septic tanks)
and community/industrial wastewater (wastewatatinent plants). A recent review about the impact
of antibiotics in the aquatic environment has réguobthat laboratory tests have shown antibiotics ca
be toxic to non-target organisms, including a raoigalgae and bacteria (Carvalho and Santos, 2016).
But further studies using real scenarios are ne@dedder to taking into account the complexity of

chemical mixture in the real environment.

However, the greatest concern about antibioti@te=s in the environment is their capacity to dgvelo
resistance to those very antibiotics in the miargaaisms. Most importantly, environmental residues
of antibiotics can initiate resistance even at lmancentration (Kimmerer, 2009b; Gullberg et al.,
2011). The novel resistance gene or resistancenean be then transferred to a human or an animal

for further dissemination thereafter.
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Although there is no study on risk assessment tibiatics in the aquatic environment of Vietham,
there are several studies identifying the presefi@ntibiotic resistance in locations with antilgot
pollution issues, many of them have been tabulateeviews by (Suzuki and Hoa, 2012; Thanh Thuy

and Nguyen, 2013; Nhung et al., 2016).

For example, (Le et al., 2005) found evidence dftdrga resistance in mud and water samples near
shrimp farms to NOR, oxolinic acid, TMP and SMXcancentration of 0.jig/mL. Among individual
antibiotics, the incidence of resistance to TMP &MX was higher than the others. However, the
relation between concentration of antibiotic ressl@nd incidence of antibiotic resistance was not
clearly established. Other study reported chlorampiol-resistant (CmR) isolates in samples near
fish and shrimp farms in Vietnam were higher thanThailand and Malaysia (Huys et al., 2007).
Meanwhile, sulfonamide resistant bacteria wereatgol from aquatic environment of northern
Vietnam (Hoa et al., 2008). Due to the frequenedibn of antibiotic resistance bacteria and gene i
Vietnam and other countries in Asia, waters in tieigion were described as a hot spot of antibiotic

resistance gene development (Suzuki, 2017).

In water samples collected in canals, shrimp p@mikpig farm integrated with fish pond where SMX
concentration was higher than ERSMX" occurrence rate was also higher than ERWaximum
94.44% in comparision to 38.8Q%Hoa et al., 2011). There was significantly posgtiorrelation
between SMX bacteria and SMX concentration. However, there wasstatistically significant

correlation between ERY concentration and the oeoge rate of ERYbacteria.

Flouroquinolone (NOR, CIP) resistant bacteria ocsaiiat all sites in Vietnam with rate of resistance
varied from 0.1 to 15%. In general, Vietnam hadhbigrate of resistance than Thailand but no
relationship was found between contamination ared dbcurrence of FQr bacteria (Takasu et al.,

2011).
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In bacteria strain isolated from 15 hospitals ietWam in 2009, 30-70% of the gram-negative bacteria
were resistant to 3rd and 4th generation cephatospaapproximately 40-60% to aminoglycosides
and fluoroquinolones. Almost 40% dcinetobacter species showed decreased susceptibility to
imipenem (GARP-VN, 2010). At the same time, (Ducetgal., 2008) reported that wastewater
treatment facilities at hospitals may be an effectharrier to reduce the residual FQ levels and the

number of resistant bacteria entering the publicatiq environment.

5. Strategy to control therisk of antibiotic resistance in the aquatic environment

Nowadays in Vietnam, the Government understandséhieusness of antibiotic resistance issue. It
has set up a National Action Plan (NAP) againstgDiResistance, which involved the Ministry of
Health and the Ministry of Agriculture and Rural\&pment (MARD) with the support of WHO,

FAO and other organisations for the period from36812020.

The NAP aims to review, amend and implement reguiatand policies to promote proper use of
antibiotics and the establishment of microbial sesice monitoring system in order to understand the
extent and reduce antibiotic resistance. It alsmdes on raising the awareness of antimicrobial use
and the risk of antimicrobial resistance infecti@msong all stakeholders including doctors, patients

and farmers in the agricultural and food industries

While the NAP of Vietnam shares many common stiagegvith the Global Action Plan on
antimicrobial resistance established by World He@ltganization (World Health Organization 2015),
it lacks the aspect of monitoring the antibiotisideies in the environment, especially in water,
wastewater (to identify the sources and developdstals), which was mentioned in Objectives 8 of
the WHO Global Action Plan. Additionally, Europe@ommission’s Action Plan against the raising
threats from antimicrobial resistance also urges thduction of environmental pollution by

antimicrobial medicines particularly from productifacilities (European Commission 2011). At the
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same time, an important review has indicated thaiew(or the aquatic environment) can be the
dissemination route for antibiotic resistance (&ynkt al., 2013). Thus, the understanding of the
prevalence of antibiotics in the aquatic environtmanVietnam is essential for the overall NAP to

fight against antibiotic resistance.

Vietnam lacks a good wastewater treatment systemnedoce the level of antibiotic residues in the
aquatic environment (Kookana et al., 2014). Thigasion increases the risk of antibiotic resistance
emergence because even simple wastewater treasystatn can considerably reduce the number of
bacteria and level of antibiotic residues to retehopen environment (Duong et al., 2008; Kookana
et al.,, 2014; Lundborg and Tamhankar, 2017). Ascrlesd in previous sections, releases of
antibiotics from human consumption, agriculturabsiand pharmaceutical manufacturing without
proper treatment have caused high level of antibresidues in the aquatic environment. Prudet et a
(2013) recommended that limiting antibiotic use aetease in agriculture, proper treatment of
household, hospital, and drug manufacturer wasesveatd promoting a healthy stock in aquaculture
were management options to reduce the spread ibictits and antibiotic resistance genes to the

environment.

Therefore, it is important for Viethamese Governtminconsider antibiotic resistance within the
“One Health” concept, which supports interdisciphy approach for better management of the issue.
The expansion of the NAP to include support fotdratvastewater treatment in around the country, or
initially at main point sources such as hospitaisl @harmaceutical manufacturing factories will

certainly lead to better control of the emergerfcantibiotic resistance.

6. Conclusions

This review has provided the most up-to-date inftion on antibiotic uses and the resulting

antibiotic concentrations in all relevant souraed/ietham. Besides the high concentrations of many
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730 antibiotics reported in the aquatic environmenYaftnam, we also found that many antibiotics which
731 are in use with high frequency were not includeérmy monitoring study. Our review also indicates
732  that antibiotic residues discharged from pharmacaiuproduction facilities in Vietnam, which has
733 not been reviewed before, can be a significantc®oaomparable to other sources such as aquaculture
734  or husbandry. The presence of antibiotic residuas fall sources, sometimes in high concentration,
735 means that the Government has to pay more attettioantrol these sources in order to prevent the

736  emergence of antibiotic resistant bacteria in \aatn
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Highlight
e Review of all sources of antibiotics discharged to the aquatic environment in
Vietnam.
e Both input and output (residues in the environment) of each source were reviewed.

* Pharmaceutical manufacturing could be an important source of antibiotics in open
waters

e Lack of wastewater treatment system in Vietham may increase the emergence
antibiotic resistance.

* Government should pay more attention to controlling discharges of antibiotics to the
environment.



