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Abstract: A ntib io tic  resistance in  bacteria  is a  grow ing problem  in b o th  hum an  an d  veterinary m edicine.
Several studies docum ented the presence o f  resistan t bacteria  in hum ans, livestock, an d  dom estic anim als; however, 
lim ited research is available on  the  presence o f  antib io tic  d ru g  resistance in wildlife species. A  cross-sectional study 
was conducted  to  estim ate the  prevalence o f  resistan t bacteria  collected from  w ild-caught, m arine p redato ry  fishes. 
Seven species o f  sharks an d  a  single teleost species were opportunistically  sam pled from  six different study sites in 
coasta l Belize, coasta l an d  n earshore  w aters o f  L ouisiana, the  F lo rid a  K eys, an d  M a rth a 's  V ineyard, 
M assachusetts. A  to ta l o f  134 viable bacteria  sam ples were isolated from  the  cloacal swabs o f  p redato ry  fishes. 
Isolates were characterized by G ram -sta in  m orphology an d  tested for resistance by using the  K irby-B auer disc 
diffusion m ethod. T hirteen  drugs (penicillin G , piperacillin, ticarcillin, cefotaxim e, ceftazidim e, ceftiofur, am ikacin, 
gentam icin, ciprofloxacin, enrofloxacin, doxycycline, chloram phenicol, an d  sulfam ethoxazole) were selected for 
this study. Prevalence was calculated as the  to ta l num ber o f  isolates resistant to  one or m ore drugs against the to ta l 
num ber o f  sam ples in  th a t study a rea  o r fish population . Sharks sam pled in the F lo rida  K eys exhibited the  greatest 
resistance to  a  wide selection o f  drugs. R esistance to  a t least one d ru g  w as found  in each o f  the  six study sites an d  in 
all o f  the  fish species sam pled. M ultid rug  resistance was also docum ented  in  m ost o f  the  study sites. Interspecific 
com parisons betw een redfish, Sciaenops ocellata, an d  sharks from  L ouisiana offshore w aters (which represent 
species o f the Carcharhinus genus) dem onstra ted  a significantly higher prevalence in redfish, w hich m ay be because 
o f  the  o lder age o f the  population . T he findings o f  this study confirm ed the  presence o f an tib io tic-resistan t bacteria  
in m arine predato ry  fishes from  m ultiple taxa an d  m ultiple geographic locations.
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INTRO DUCTIO N

A ntibio tic resistance in  bacteria is a growing 
problem  in hum an  and  veterinary medicine. Since 
the in troduction  o f  antibiotics in  the 1940s, 
bacteria have show n an  increased evolutionary  
response, a t the genetic level, to  develop resis­
tance. Several recent studies docum ented the 
presence o f  drug-resistant bacterial infections in 
hum ans21'32 and  in  dom estic an d  livestock anim al 
cases3'8'2040; however, lim ited research is available 
on  the presence o f  drug-resistant bacterial flora in 
zoo an im als18 or wildlife species.17-30 Several
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articles presented  d a ta  on  the presence o f  drug- 
resistant bacteria in  m arine m am m al species from  
the Pacific coast o f  C alifornia,22'42 W ashington  
S tate,25 F lo rida  and  S ou th  C aro lina,39 N ew  
E ngland  w aters,5 6 and  the w aters o ff E ngland.41

T o date, relatively few studies have attem pted  
to  estim ate the prevalence o f  antib io tic resistance 
in  m arine top-level p reda to ry  fishes. There is a 
m ore substantive body  o f  literature available on  
feral fishes and  aquacu ltu re operations where 
farm ed fishes m ay in teract w ith  wild fishes.26 
There is also lim ited in fo rm ation  available on  
the m echanism s fo r the acquisition, accum ula­
tion, and  transm ission o f  antib io tic resistance in 
m arine fishes, especially those unrela ted  to  fish 
farm ing operations. O ne study on w ild-caught 
fishes presented d a ta  on  tw o opportunistically  
sam pled dogfish, M ustelus mento, from  a small 
study focused on several com m ercially im portan t 
fishes and  found  th a t antib io tic-resistant bacteria 
w ere present; however, no  system atically collect­
ed d a ta  were presented in  these or o ther sharks.28

The specific objectives o f  this study w ere to  
determ ine if  antib io tic-resistant bacteria were 
present in  m arine p redato ry  fishes th a t represent 
different populations and  different species from  
different geographic locations. The hypotheses 
tested  were th a t antib io tic-resistant bacteria
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w ould  be detectable in  the flora o f  w ild p redato ry  
fish populations, th a t the prevalence o f  an tib io t­
ic-resistant bacteria w ould  decrease as p o p u la­
tions w ere collected fu rther from  shore, th a t 
sharks o f  the sam e species sam pled in  different 
geographic locations w ould  exhibit different 
resistance patterns, and  th a t patterns o f  antibiotic 
resistance w ould  vary  between species w ithin the 
sam e study sites, possibly because o f  species- 
specific biology or age.

M A T E R IA L S A ND M E T H O D S

A  cross-sectional study was conducted  to  
determ ine the prevalence o f  antibiotic-resistant 
bacteria from  cloacal/distal anus sam ples o f  wild- 
caught, m arine p reda to ry  fishes. Six study sites 
w ere used to  sam ple m arine top-level p redators. 
Five sites were selected to  sam ple sharks, and  one 
location  was opportunistically  sam pled fo r a 
teleost species. N urse sharks, Ginglymostoma  
cirratum, were collected in  no rth ern  Belize, w ithin 
the boundaries o f  the H o i C han  M arine Reserve; 
an d  in  the w estern m ost F lo rida Keys (USA), 
w ithin the boundaries o f  the D ry  T ortugas 
N atio n al P ark . Bull sharks, Carcharhinus leucas, 
blacktip  sharks, Carcharhinus limbatus, an d  a 
lem on shark, Negaprion brevirostris, were collect­
ed in  the coastal w aters o f  T im balier Bay, 
Louisiana (USA). Spinner sharks, Carcharhinus 
brevipinna, were collected near an  oil rig  in  the 
offshore w aters o f  L ouisiana (USA). Redfish, 
Sciaenops ocellata, a p reda to ry  teleost species, 
were sam pled at a second offshore oil rig in 
Louisiana (USA). D ogfish, M ustelus canis, were 
sam pled in  V ineyard H aven  H arb o r, M assachu­
setts (USA). E ach  location  represented a separate 
popu la tion  o f  fish and  a separate geographic and / 
o r ecological setting. T he locations o f  sam pling 
sites, the num ber o f  individual fishes a t each site, 
the collection m ethod, and  the to ta l num ber o f  
bacterial isolates by  G ram  stain are sum m arized 
in  Table 1. Sam pling-site description and  cap tu re 
m ethods used were sim ilar as previously de­
scribed by B lackburn.4 L ength m easurem ents and  
species-specific body  condition  were collected 
from  each individual fish to  assess age 
(sharks,23'34'37 redfish36). All anim al lengths were 
recorded  in  centim eters.

Bacterial samples were collected from  all o f  the 
fish by sw abbing the cloaca o r anus and  distal 
colon w ith  a sterile rayon-tip  applicator (C U L- 
T U R E T T E , Becton D ickinson M icrobiology 
Systems, Becton D ickinson an d  C om pany, 
Sparks, M aryland, USA ). The swab was inserted 
in to  the cloaca-anus approxim ately  5-6 cm  and

ro ta ted  several tim es. T he swab applicator was 
then  placed in to  one am pule o f  0.5-ml m odified 
S tu a rt’s tran sp o rt m edia. The swabs were held on 
w et ice an d  then  transported , on  wet ice, w ithin 1 
to  7 days to  the L ouisiana S tate U niversity 
School o f  V eterinary  M edicine (LSU -SV M ) for 
processing.

A t the conclusion o f  each sam pling trip, bacterial 
samples were inoculated on  5% blood agar plates 
(Remel, Lenexa, K ansas, USA) by using the swab 
applicator from  the transport m edia and  were 
incubated at 37°C for 24 hours under aerobic 
conditions at LSU-SVM . Presum ptive organism s 
were described by using G ram  stain and  colony 
m orphology. Gram -negative isolates were also 
cultured on M acC onkey agar for 24 hours at 37°C 
under aerobic conditions to  determ ine if  they 
ferm ented lactose. Isolates were characterized and 
described by G ram  stain and m orphology.

Bacteria were tested  for antib io tic resistance by 
using the K irby-B auer disc diffusion technique.2 
T hirteen  drugs (penicillin G  [P], piperacillin [PIP], 
ticarcillin [TIC], cefotaxim e [CTX], ceftazidim e 
[CAZ], ceftiofur [XNL], am ikacin [AN], gen ta­
m icin [GM ], ciprofloxacin [CIP], enrofloxacin 
[ENO], doxycycline [D], chloram phenicol [C], 
sulfam ethoxazole [SXT]) were evaluated in  this 
study (see T able 2 fo r dosages). The plates were 
then  incubated  at 37°C for 24 48 h r  under 
aerobic conditions. A fter the sam ples h ad  been 
incubated , the diam eter o f  the zone o f  inhibition  
around  each disc was m easured against the 
N ational C om m ittee for Clinical L abo ra to ry  
S tandards distances and  recorded  as resistant 
(R) o r susceptible (S).33

T ota l resistance (TR ) was calculated as the 
to ta l num ber o f  isolates in  each popu la tion  w ith 
resistance to  a t least one drug  divided by the to ta l 
num ber o f  isolates in  each population . M ultid rug  
resistance (M D R ) was calculated as the to ta l 
num ber o f  isolates w ith  resistance to  m ore than  
one drug  in  each popu la tion  divided by  the to ta l 
num ber o f  sam ples in  th a t population . Because 
13 drugs were tested fo r th ree m ajo r categories o f 
G ram -stain-specific organism s, the prevalence o f 
resistant bacteria  w as reported  graphically for 
each geographic region.

G iven the lim ited sam ple sizes, all g raphed 
prevalence estim ates included s tandard  erro r 
b a rs .19 T he Pearson  chi-square tests w ere calcu­
la ted  to  quantify  po ten tia l in te rpopu lation  dif­
ferences between spatially explicit groups o f 
anim als. The P earson  chi-square test was also 
used to  test fo r interspecific differences between 
Louisiana offshore sharks and  offshore redfish.
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Table 1. Sam pling locations, ecological settings, fish species collected, sam pling gear used, and  the  num ber o f 
bacteria l isolates from  each study site.

G eograph ic  location , N o . bacterial
Sam pling site longitude; la titude Ecological setting Species collected p ;a) Sam pling gear isolates

A m ber G ris 87°59'28"W ; Shallow  reef N u rse  shark, Free caught G ram +  3
Caye, Belize 17°50' 23"N with sharks 

conditioned 
to  hum an  
swimmers

Ginglyn lost on m 
cirratum  (8)

during
swim m er/
shark
interactions

G ra m — 9

D ry  T ortugas, 82°50'45"W ; Shallow  reef N u rse  shark, G. Collected in G ram +  10
F lo rida  Keys, 24°36'24"N near b oat cirratum  (7) han d  nets G ra m — 19
U SA basin  and  

tou ris t facility 
w ith dam aged 
leach field 
septic system

from
underneath  
reef crops

T im balier Bay, 90°16'32"W ; Shallow Bull sharks, Experim ental G ram +  19
coastal 29°8'19"N nearshore Carcharhinus lecuas gillnet G ra m — 27
Louisiana, w aters with (28); b lack tip  sharks,
U SA proxim ity  to 

petro leum  
support 
industry

Carcharhinus limbatus 
(3); lem on shark, 
Negaprion brevirostris
(D

O ffshore costal 89°32'58"W ; O pen  bay Site 1: spinner sharks, R o d  and  reel Site 1:
w aters o f 29°7'13"N  (site 1); w aters with Carcharhinus with bait G ram +  6
L ouisiana proxim ity  to brevipinna (7); and  tackle G ra m — 17

89°31'24"N; oil p roduction black tip  shark, C. Site 2:
29°3'17"W  (site 2 ) p latform s limbatus (1); site 2: 

R edfish, Sciaenops 
ocellata (7)

G ram +  7 
G ra m — 5

V ineyard  H aven 70°35'32"N; Shallow  w ater Sm ooth  dogfish, Experim ental G ram +  1
H arbor, 41°28'42"W bay with M ustelus canis (3) longline G ra m — 7
M a rth a ’s proxim ity  to
V ineyard, developm ent
M assachusetts, and  heavy
U SA b o a t usage

a Sam ple sizes reflect the  to ta l nu m b er o f  sharks w ith  v iable bacterial sam ples recovered  an d  tested  fo r an tib io tic  resistance.

Table 2. D ru g  nam es, dosages, and  abbreviations 
used in th is study.

D rug D osage (pig) A bbrev ia tion

Penicillin G 10 P
Piperacillin 100 P IP
Ticarcillin 75 T IC
Cefotaxim e 30 C TX
Ceftazidim e 30 C A Z
Ceftiofur 30 X N L
A m ikacin 30 A N
G entam icin 10 G M
C iprofloxacin 5 C IP
Enrofloxacin 5 E N O
Doxycycline 30 D
C hloram phenicol 30 C
Sulfam ethoxazole 25 SXT

T he F isher exact test was used to  test for 
in trapopu la tion  T R  differences betw een sexes in 
bull sharks an d  to  test fo r interspecific differences 
betw een nurse shark  populations, because some 
cell counts w ere fewer th a n  five. Pow er analysis 
w as perform ed for any com parison th a t was 
found  to  no t be significant. A  probability  value 
(P  <  0.5) w as used to  determ ine statistical 
significance. S tatistical analyses were conducted  
by using S-Plus 6.0 Professional softw are (In ­
sightful C orporation , Seattle, W ashington, 
USA).

RESULTS

A  to ta l o f  130 bacterial isolates from  the six 
populations were characterized by  G ram  stain 
and  m orphology. Seventy-seven o f  those were
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Belize, nurse  sharks G. c irratum , (n = 8 ) t Florida Keys, nu rse  sharks, G. c irru atu m , (n = 8)

I j

1  11I t  I t  T  Ù  l ñ  I  t I t !  t U  H T
GM P AN

I t  Í t  T Í  L Í t i l  i j  I t  T  t  H

CIP C D SXT CAZ ENO CTX TIC XNL*

I Gram - rods (n=3) 0  Gram + cocci (n=9)

GM P AN CIP C D SXT CAZ ENO CTX TIC 

I Gram - rods (n»3) 0  Gram * cocci (n=9)

Coastal Louisiana (T im balier Bay), m ultip le  sp ec ie s  (n = 3 2 ) Louisiana O ffshore, C. brevipinna (n = 6), C. lim batus  (n = 1)
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Louisiana O ffshore, Redfish, 5. ocellata, (n = 7) M assach u se tts, S m ooth  dogfish, M . canis, (n = 3)
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Figure 1. Antibiotic-resistance prevalence values by individual drug type for isolate groups categorized by 
Gram stain and morphology, and separated by study site. A. Belize, nurse sharks. B. Florida Keys, nurse sharks. C. 
Coastal Louisiana, bull sharks, blacktip sharks, and lemon shark. D. Offshore Louisiana, spinner sharks and 
blacktip shark. E. Offshore Louisiana, redfish. F. Massachusetts, dogfish. Error bars represent the 95% standard 
error, f  !Sample sizes in titles represent the number of fish per sample population.

G ram -negative rods, 38 w ere G ram -positive 
cocci, 14 were G ram -positive rods, a n d  a  single 
isolate w as classified as G ram -negative cocci. 
W ith  the exception o f  those bacteria  collected 
from  nurse sharks in  Belize, G ram -negative rods 
w ere the m ost com m only identified isolates 
(Fig. 1). In  the  Belizean sam ples, G ram -positive 
cocci were the m ost com m on isolates.

Twelve viable bac teria  were iso lated  from  eight 
nurse sharks from  the Belize popu la tion , five 
fem ales (63% [5/8]) and  th ree m ales (37% [3/8]), 
a n d  w ere tested  fo r resistance from  N ovem ber 
2001 (n =  5 sharks, n  =  6 isolates) and  M ay  2002

(n =  3 sharks, n  =  6 isolates). Fem ale sharks 
ranged  from  140 to  170 cm  in curved to ta l length 
(CTL) (W  =  0.898; d f  =  5, P  = 0.387), w ith  a  
m ean  length o f  152-cm C TL. M ale sharks ranged 
from  108 to  140 cm  C T L  (K olom ogorov-Sm irnov 
=  0.385; d f  =  3, P  =  0.075), w ith  a  m ean  length  o f  
129 cm. All eight sharks were characterized as 
juveniles based  on  size com parisons w ith  p u b ­
lished d a ta  on  nurse shark  rep roduction  and 
bio logy .10,12 Age estim ates in  years w ere unavail­
able, because no  cu rren t age an d  grow th  study 
w as available fo r the species. T he resistance 
pattern s fo r each G ram -sta in  g roup  and  each
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drug  are illustrated  in  F igure 1A. G ram -negative 
rods showed resistance to  eight o f  the drugs 
tested, including C, D , and  SXT. Belize w as one o f 
th ree geographic regions th a t showed resistance to  
X N L . Belize w as the only sam pling site to  show 
C IP  resistance in  G ram -positive cocci.

Tw enty-nine viable bacteria were iso lated  from  
seven nurse sharks from  the F lo rida  Keys in  M ay
2002 (n = 4 sharks, n = 22 isolates) an d  January
2003 (n = 3 sharks, n = 1 isolates). One shark  was 
female, an d  the rem aining six w ere m ale. Again, 
all sharks were classified as juveniles based on 
size.12 Several isolates from  F lo rida dem onstrated  
resistance, including resistance to  CIP, C, an d  D  
(Fig. IB). F lo rida  isolates show ed resistance to  11 
o f  the drugs tested, the m ost diverse pa tte rn  o f  
resistance from  the six study sites.

Forty-six  viable bacteria were isolated from  32 
sharks in  Louisiana coastal w aters from  A pril to  
Septem ber o f  2002. Ten fem ale bull sharks were 
sam pled w ith  fo rk  length (FL) th a t ranged  from  
65 cm  to  139 cm  (W  =  0.918; d f  =  10, P  =  0.384), 
w ith  a m ean  o f  112 cm. Sixteen m ale bull sharks 
w ere sam pled w ith  F L  th a t ranged  from  79 to  
139 cm (W  =  0.877; d f  =  16, P  =  0.038), w ith  a 
m edian  o f  97 cm  FL. Tw o female blacktip  sharks 
w ere sam pled, w ith  F Ls o f  64 cm  an d  70 cm, and  
a single m ale blacktip  was sam pled w ith  a 68 cm 
F L . A  single fem ale lem on shark  was sam pled 
w ith  a l l i  cm  FL. Bull sharks were classified as 
juveniles younger th a n  six years o f  age based on 
size com parisons w ith  published age an d  grow th 
estim ates.25 A ll o ther sharks collected in  coastal 
Louisiana were also classified as juveniles after 
published w orking definitions fo r inshore w a­
ters.24 C urren t blacktip  and  lem on sharks age and  
grow th  estim ates were no t available for the 
n o rth ern  G u lf  o f  M exico. Resistance patterns 
fo r isolates from  L ouisiana in land  w aters are 
sum m arized in  F igure 1C. In  general, T R  was 
low  (< 0 .2 ) for all drugs bu t P. This w as the only 
collection o f  isolates th a t show ed resistance to  
E N O  (G ram -negative rods).

Tw enty-three bacteria were isolated from  tw o 
fem ale spinner sharks, fou r m ale spinner sharks, 
an d  one adult fem ale blacktip  shark  from  the 
offshore w aters o f  L ouisiana from  July 2002 to  
N ovem ber 2002. Five additional isolates were 
collected from  tw o fem ale spinner sharks an d  one 
fem ale blacktip  shark  from  approxim ately  35 km  
southw est o f  the M ississippi R iver. The female 
spinner sharks w ere 82 and  167 cm  FL, 
respectively. The smallest fem ale w as estim ated 
to  be a yearling anim al, p robab ly  b o rn  in  the 
early spring o f  2002 based on  the presence o f  a

healed um bilical scar.24 The large female spinner 
w as p robab ly  a m atu re  anim al based on  the 
reported  size o f  m a tu rity .12 T he fem ale blacktip 
w as an  adult anim al based on  published age and 
grow th estim ates.12 E ighteen isolates were col­
lected from  four m ale spinner sharks a t an  oil rig 
approxim ately  10 km  from  shore. All m ale 
spinner sharks were approxim ately  60 cm  in F L  
and  classified as young o f  the year based on  the 
presence o f  a healing um bilical scar.24 Samples 
from  these offshore sharks show ed relatively little 
d rug  resistance (Fig. ID ), w ith only G ram - 
negative rods and  cocci show ing any resistance 
to  the drugs tested. O f note, samples were 
resistant to  C and  D.

Twelve viable bacteria were iso lated  from  
seven adult redfish collected at an  oil rig in  the 
offshore w aters o f  Louisiana on  29 N ovem ber 
2002. R edfish specimens ranged  from  80 to  
105 cm  standard  length  (SL) (W  — 0.563; d f  — 
7, P  = 0.01), w ith  a m edian  length  o f  105 cm SL. 
Resistance patterns from  redfish bacterial flora 
are sum m arized in  F igure IE . R edfish  isolates 
show ed high T R  to  P  in  G ram -positive rods and 
cocci, w ith  only nurse sharks in  F lo rida  showing 
sim ilarly high G ram -positive resistance to  P. 
Also, redfish isolates o f  G ram -positive cocci 
show ed relatively high prevalence to  D  (>0.6), 
w ith  F lo rid ian  isolates being the only o ther group  
to  show  resistance to  D  in  colonies o f  sim ilar 
m orphology, though  those sam pled had  a lower 
T R  (<0.3).

E ight bacterial isolates were collected from  
three sm ooth  dogfish in  V ineyard H aven  H arb o r 
on  25 Septem ber 2002. Five bacterial isolates 
w ere collected from  tw o m atu re  fem ale dogfish. 
T he female dogfish were considered adults based 
on  published age estim ates.14 T hree bacterial 
isolates were also collected from  a single adult 
m ale sm ooth  dogfish w ith  a C F L  o f 71 cm. 
D ogfish resistance patterns are sum m arized in 
F igure IF . These isolates show ed the least 
resistance to  all drugs, w ith  resistance only 
docum ented in  P, C, an d  X N L . O f note, the 
single G ram -positive cocci sam ple showed resis­
tance to  P. All o ther resistance w as docum ented 
in  G ram -negative rods. These results should  be 
considered w ith caution , because this w as the 
sm allest sam ple size o f  viable organism s from  this 
study.

R edfish had  significantly higher T R  than  
spinner sharks (P  = 0.0016, d f  =  1). T here was 
no  significant difference in  T R  betw een L ouisiana 
inshore sharks an d  offshore sharks (x2 =  2.0519; 
d f  =  1, P  = 0.152, pow er =  0.29). There was no
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significant difference in  T R  betw een m ale and  
fem ale bull sharks in  L ouisiana coastal w aters (x2 
=  0.0068; d f  =  1, P  = 0.9343, pow er =  0.05) o r 
betw een nurse sharks from  Belize an d  F lo rida  (P  
=  0.3407, pow er =  0.1).

D ISC U SSIO N

A ntibio tic-resistant bacteria were present in  all 
o f  the populations o f  top-level m arine predato rs 
exam ined in  this study. Likewise, M D R  was 
docum ented in  a t least a single sam ple from  each 
popu la tion  an d  each location  surveyed. The 
presence o f  drug-resistant bacteria in  b o th  
elasm obranchs and  teleosts w as consistent w ith 
the findings o f  previous studies on  m arine fishes 
from  Concepción Bay, Chile, w here resistance 
w as docum ented in  M. mento, a shark  species, 
an d  several teleost species.28 T hose results sug­
gested th a t resistant bacteria are present in  b o th  
dem ersal and  pelagic food  webs in  South  
A m erica. A  previous study found  antibiotic 
residues present in  the tissues o f  m arine fishes 
from  S ou th  A m erica tested  w ith in  400 m  o f  an 
experim ental aquaculture pen w here antibiotics 
w ere being adm inistered th rough  fish feed.26 
T hough  the u ltim ate fate o f  those residues is 
unknow n, they m ay provide selection pressures, 
w hich allows resistant bacteria to  evolve in  the 
environm ent. Likewise, th a t sam e study26 also 
reported  the  presence o f  antib io tic residues in 
crabs and  sm aller teleosts th a t m ay be predated  
up o n  by elasm obranchs, w hich m ight serve as an 
interm ediate step betw een antib io tic in troduction  
in to  the environm ent and  up take by apex 
predators.

A lthough there is no  know n inform ation  
regarding bacterial shedding in  elasm obranchs, 
results o f  research perform ed on  reptiles suggest 
th a t repeated  sam plings o f  the sam e individual 
are required  to  establish the actual presence o f  
specific bacteria or infection.9 O ne study did 
recover bacterial samples from  the same free- 
ranging dolphins over m ultiple tim e periods and  
found  variability, w ith  m ost m icroorganism s 
being sporadic and  only a few being confirm ed 
in  the sam e individual up o n  resam pling (e.g., 
Candida yeast).7 I t should  be noted , th a t study 
d id  n o t report on  antib io tic resistance. In  this 
curren t study, there w as no  w ay to  determ ine the 
status o f  antib io tic resistance in the bacterial flora 
o f  fish sam pled before or after the sam pling 
period. Incidentally, these findings are likely 
underestim ates o f  the true  prevalence o f  drug  
resistance, because they are based on  single 
sam ples29 and  represent relatively small sample

populations. In  addition, no  analyses were under­
taken  to  quantify  the loss o f  bacterial diversity 
from  transporting  samples on  wet ice, although  
the lim ited num ber o f  isolates in  this study 
suggests a loss. The prim ary objective o f  this 
study was to  determ ine if  bacteria from  the cloaca 
and/or distal anus o f  free-swimming apex p reda­
tors from  coastal w aters surrounding the U nited  
States and  C entral Am erica exhibit d rug resis­
tance. These findings confirm ed their presence.

A ntib io tic resistance is generally though t to  
occur either th ro u g h  m u ta tio n  o r gene transfer. 
How ever, it is im portan t to  evaluate intrinsic 
resistance. The high overall prevalence o f  d rug 
resistance found  in  this study m ay have been 
because o f  intrinsic resistance. In  m ost cases, one 
can  distinguish the effectiveness o f  a d rug  against 
bacteria based on  G ram -sta in  characteristics. 
Because P  is a d rug  th a t targets G ram -positive 
bacteria, resistance to  P  m ight no t be unexpected 
in  G ram -negative bacteria. W hen to ta l resistance 
w as calculated by excluding P, the prevalence o f 
antib io tic resistance (AB R) changed d ram atical­
ly. F o r  exam ple, to ta l resistance in  the M assa­
chusetts popu la tion  decreased by 75% w hen P 
w as excluded from  the analyses. The to ta l 
resistance o f  12.5% probab ly  m ore tru ly  repre­
sents the resistance in  the M assachusetts samples, 
because seven o f  the eight bacterial isolates were 
G ram  negative. F u rth e r characterization  o f  the 
bacteria fo r the presence o f  resistance genes 
w ould  have been beneficial b u t were beyond  the 
resources an d  scope o f  this study. A  sim ilar 
situation  was no ted  in  a study o f  h a rbo r 
porpoises, Phoecena phoecena, in  English w aters, 
w here all Salmonella isolates were resistant to  
clindam ycin.41 T he investigators no ted  th a t the 
high p ro p o rtio n  o f  resistance m ay have been 
because o f  the natu re  o f  the drug  and  its 
inh ibitory  properties relative to  the organism .

Twelve o ther drugs w ith  m ore broad-spectrum  
an tibacteria l properties w ere also tested  in  this 
study, an d  resistance was identified for all o f  the 
drugs in  a t least som e o f  the isolates. However, 
resistance to  all drugs d id  n o t occur in  all 
geographic locations, w hich suggests th a t there 
m ay be spatial differences in  the A B R  pattern s o f 
m arine p redato ry  fishes. The sam ple sizes evalu­
ated  in  this study were small, an d  the 95% 
confidence intervals w ere large, w hich m ade it 
nearly  im possible to  d raw  conclusions regarding 
spatial differences. A  larger sam ple size w ould  be 
required  to  evaluate any spatial differences.

O f the relatively few articles published on 
antib io tic resistance in  the m arine environ-
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m ent,22'25'27 m ost d id  n o t evaluate spatial patterns 
o f  resistance. One such study determ ined signif­
icant differences in  drug-resistance patterns in 
w ild-caught bottlenose dolphins, Tursiops trunca­
tus, cap tu red  in  the Ind ian  R iver Lagoon, 
F lorida, and  the estuarine w aters o f  C harleston, 
S ou th  C aro lina.29 W hereas, overall results sug­
gested resistance to  a num ber o f  drugs across 
b o th  study sites, Escherichia coli showed signif­
icantly greater resistance to  PIP , tetracycline, and  
trim ethoprim -sulfam ethoxazole in  the Ind ian  
R iver L agoon. A lthough  lim ited to  a single 
species and  tw o coastal sites, this study confirm ed 
th a t bacteria associated w ith  m arine apex p red ­
ato rs can  exhibit spatially explicit patterns o f 
d rug  resistance.

T hough  direct com parisons canno t be m ade to  
o ther m arine studies, all o f  those studies d ocu ­
m ented  resistance to  m any o f  the antibiotics 
tested  in  this study. Bacteria isolated from  
pinnipeds,22 dolphins,29'42 and  the shark  p o p u la­
tions an d  redfish from  this curren t study all 
show ed at least som e resistance to  C, w ith  the 
exception o f  M. m ento  in  Chile.28 Bacteria 
isolated from  pinnipeds,22 dolphins,42 and  the 
sharks (Belize, F lo rida Keys, and  coastal Louisi­
ana) from  this curren t study also show ed 
resistance to  CIP. In  addition , bacteria isolated 
from  pinnipeds22 an d  sharks from  this study 
show ed resistance to  G M  (F lorida Keys), A N  
(Belize, F lo rida  Keys), E N O  (C oastal Louisiana), 
an d  SXT (all sites m inus M assachusetts). The 
studies on  dolph ins2942 and  pinnipeds22 all d ocu ­
m ented  drug-resistant pathogenic bacteria th a t 
m ay  im pact hum ans. W hereas, the results o f  this 
curren t study were p rim ary  lim ited to  G ram  stain 
an d  m orphology, resistant colonies o f  Pseudomo­
nas were identified. These previous w orks and  
this curren t study support the hypothesis th a t 
m arine p redato rs can  serve as reservoirs fo r drug- 
resistant bacteria and  should  be considered for 
fu rthe r investigations as m arine environm ental 
sentinels. There were drugs tested  in  b o th  the 
p inn iped  study and  this curren t study th a t were 
n o t tested in  b o th  studies. F u tu re  w ork  should  be 
done to  address possible sim ilarities and  differ­
ences to  o ther drugs in b o th  groups o f  anim als.

N urse sharks from  b o th  Belize an d  F lo rida 
show ed a high prevalence o f  antibiotic-resistant 
bacteria , w ith  the F lo rida K eys’ isolates th a t 
exhibited the greatest am ount o f  resistance. 
D irect com parisons were m ade betw een the 
populations, because the sam e species was 
sam pled in  b o th  locations. In  addition , the ages 
o f  the sam pled sharks were sim ilar between

groups. A lthough it was n o t possible to  quantify  
differences in  the environm ents o f  b o th  locations, 
it is o f  som e in terest to  qualify them . F lo rida 
sharks w ere in  close proxim ity  to  a failing septic 
facility th a t opera ted  th rough  leaching. The 
sharks from  Belize spent a high p ro p o rtio n  o f 
their tim e w ith in  8 km  o f  the sewage system o f 
A m bergris Caye, w hich could  no t keep up  w ith 
the dem ands o f  a boom ing tourist city.27 This 
pollu ted  w ater m ay be tran sp o rted  from  the 
island sou th  th rough  longshore transpo rt. Studies 
provided evidence th a t raw  sewage an d  sludge 
from  southern  A ustria  can  h a rb o r E. coli bacteria 
resistant to  at least three drug  types sim ilar to  
those tested  in  this study.28 In  addition, sewage - 
trea tm en t processes do no t necessarily eradicate 
drug-resistant bacteria and, therefore, m ay  dis­
sem inate these species in to  the environm ent.28 
Belize sharks m ay also be directly exposed to  
antib io tic residue from  contact w ith  hum an  
swimmers; however, this could  n o t be deter­
m ined. The findings o f  this curren t study m ay 
also support the findings o f  recent seroprevalence 
studies on  selected pathogens in  m arine-foraging 
river o tte rs16 and  H aw aiian  m onk  seals,24 w hich 
provided evidence th a t proxim ity to  hum an  
popu la tion  an d  associated anthropogenic shifts 
(e.g., dom estic pet populations, ru n o ff w ater 
patterns) directly increase the likelihood o f 
exposure to  pathogens, including bacterial 
agents. W ork  should  address the po ten tia l for 
sim ilar transm ission patterns for d rug  resistance.

A lthough the samples from  M assachusetts 
represent the smallest num ber o f  isolates and  a 
sm all group  o f  coastal sharks, o ther investigators 
co rrobo ra ted  this w ork  by confirm ing antibiotic 
resistance in  pelagic m ako  sharks, Isurus paucus, 
and  th resher sharks, Aliopias vulpinus, collected 
during  pelagic sam pling o ff the coast o f  M a rth a ’s 
V ineyard.6 Like this curren t study, the investiga­
tors no ted  th a t lim ited in fo rm ation  on  target 
species’ na tu ra l h isto ry  and  m ovem ent patterns, 
coupled w ith  lim ited know ledge on native bac te­
rial flora, m akes in terpreting  or identifying the 
role o f  the environm ent, proxim ity to  coastal 
w aters, o r hum an  activity difficult. It is w orth  
no ting  th a t o ther large pelagic sharks, such as 
shortfin  m akos, Isurus oxyrinchus, are found  in 
the offshore w aters o f  L ou isiana11 and  m ay 
represent an  additional pelagic group  for sam ­
pling.

R edfish sam ples w ere collected w ith in  15 km  o f 
spinner shark  samples, yet the redfish showed 
significantly higher T R  th a n  spinner sharks. 
Because b o th  species feed on  fish in  sim ilar
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troph ic  levels, it is m ost likely th a t the redfish 
represented  older anim als and, therefore, po ten ­
tially greater periods o f  exposure. R edfish age 
estim ates ranged from  3 to  > 4  y r /  R edfish age 
estim ates for equal length redfish greater th an  
100 cm  SL can  range from  4 to  30 yr o f  age. All o f  
the spinner sharks sam pled in  this study were no  
older th a n  1 yr.

The M ississippi R iver D elta  dom inates the 
oceanographic conditions o f  L ou isiana’s coastal 
an d  nearshore environm ents. The river is the 
largest in  the U nited  States and  drains the 
m ajority  o f  the eastern U n ited  States. The 
E nvironm ental P ro tection  Agency reported  th a t 
agricultural ru n o ff  from  the M ississippi R iver is 
one o f  the prim ary  sources o f  po llu tion  to  w ater 
quality  in  the n o rth ern  G u lf o f  M exico.15 The 
M ississippi R iver m ay be a po in t source for 
antib io tic-resistant bacteria o r genetic m ateria l,1 
o r at least p rom otes the inpu t o f  genetic m aterial 
fo r resistance in to  the m arine environm ent o f  
Louisiana and  the n o rthern  G u lf o f  M exico. All 
sam pling sites used in  the analyses for this study 
w ere w ith in  the influence o f  the M ississippi R iver 
during  at least som e p o rtion  o f  the year. I f  
freshw ater ru n o ff  and  agricultural po llu tion  do 
p rom ote  the prevalence o f  antib io tic resistance in 
the m arine environm ent, sharks and  redfish in 
Louisiana m ay serve as im portan t indicators for 
antib io tic resistance from  free-ranging fishes.

C O N C LU SIO NS

D espite a lim ited sam ple size and  a lack o f  
spéciation to  the generic o r species level, the 
findings o f  this study confirm  the presence o f  
antib io tic resistance in  the bacterial flora o f  
m arine p reda to ry  fishes from  m ultiple taxa and  
m ultiple geographic locations. T he m arine envi­
ronm ent m ay be considered a reservoir for 
resistance to  such drugs, and  fu ture surveillance 
o f  p redato ry  fishes should  continue. T he m arine 
p reda to ry  fishes sam pled in  this study m ay serve 
as valuable sentinels, because they are long lived 
an d  slow grow ing and, therefore, have a po ten ­
tially long exposure to  resistant bacteria in  the 
ocean. In  addition, these d a ta  support the 
hypothesis o f  previous w ork  th a t resistance is 
p resent in  m arine species from  m ultiple food  
webs an d  hab ita ts .28 Because fisheries rem ain  an 
im portan t com ponent o f  the hum an  diet, this 
in fo rm ation  m ay be used to  determ ine zoonotic 
health  risks. F u tu re  d a ta  collection on  bacteria 
from  sharks should  focus on a greater num ber o f  
anim als from  each popu la tion  and  m ore specific 
efforts to  com pare d a ta  spatially. Collecting

sharks, however, will likely rem ain  a difficult 
p rocedure because o f  the vastness o f  the m arine 
environm ent. F u tu re  efforts should  concentrate 
on  quantifying drug  resistance and  integrate 
m ethodologies for evaluating the genetics o f 
resistance.
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