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Abstract: This study provides the first description of long fecal strings in Streptococcus agalactiae-infected fish.  Nile ti-

lapia (Oreochromis niloticus) were administered an intraperitoneal injection with 0.1 mL solution containing a 10-fold di-

lution from 10
1
 to 10

6
 cfu S. agalactiae/fish.  While infected fish developed clinical signs commonly associated with S. 

agalactiae infection, up to 40% of infected fish in each group also produced considerably longer (up to 20 cm in length) 

fecal waste strings than unchallenged tilapia.  Fecal strings from these infected fish were observed trailing from the anus 

and often became increasingly opaque and white over time.  Though S. agalactiae was not isolated from the fecal strings 

themselves, all S. agalactiae-challenged fish sampled were culture-positive.  Histologic examination of the intestines of 

infected fish exhibited the presence of sloughed intestinal mucous cells and enterocytes in the feces and the absence of 

normal fecal matter.  The presence of long brown and/or white, opaque fecal strings may suggest a clinical sign of bacte-

rial disease and the need for further clinical examination. 

 Streptococcus agalactiae affects numerous wild and cul-
tured fish species worldwide and causes disease involving 
septicemia and colonization of numerous organs [1-4]. Clini-
cal signs of S. agalactiae infection include lethargy or excit-
ability, going off feed, ‘C’-shaped body posturing, erratic 
swimming and whirling, opercular clearing, spinal curvature, 
and death [2, 3, 5]. Nile tilapia (Oreochromis niloticus) are 
susceptible to S. agalactiae infection [3-5]. In a variety of 
previous S. agalactiae challenge studies at the Aquatic Ani-
mal Health Research Laboratory, Nile tilapia (n > 500; 
weight ranging from 3 to 100 g) were injected intraperito-
neally with doses ranging from 10

1
 to 10

9
 colony-forming 

units (cfu) S. agalactiae/fish and maintained at approxi-
mately 30˚C. Though these studies were not intended to ex-
clusively examine S. agalactiae-related clinical signs, it was 
nonetheless noted that numerous challenged fish produced 
long fecal strings. Since fecal strings have not been previ-
ously associated with S. agalactiae infection, a study was 
performed to examine the presence of fecal strings after ex-
perimental S. agalactiae challenge. 

 Nile tilapia (O. niloticus) with a mean weight of 13.9 ± 
0.6 g were housed at the USDA/ARS Aquatic Animal Health 
Laboratory in Chestertown, Maryland, USA. The fish were 
kept in 57 L glass aquaria supplied with flow-through 
dechlorinated tap water, maintained at a mean temperature of 
30.5 ± 0.6ºC, mean dissolved oxygen of 5.3 ± 0.9 mg/L, and 
mean ammonia concentration of 0.2 ± 0.8 mg/L. The fish  
were also fed daily to satiation with Aquamax feed (Bren-
twood, Missouri, USA) and maintained on a 12 h : 12 h light : 
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dark period. Tilapia were challenged with an S. agalactiae 
isolate obtained from a mullet, Liza klunzingeri, from Ku-
wait Bay, Kuwait [3]. The isolate was grown at 30°C for 24 
h on 5% sheep blood agar (SBA; Remel, Lenexa, Kansas, 
USA) before reconstitution in tryptic soy broth (TSB; 
Remel) to create the challenge solution. Tilapia were admin-
istered an intraperitoneal injection with 0.1 mL solution con-
taining a 10-fold dilution from 10

1
 to 10

6
 cfu S. agalac-

tiae/fish. Ten fish were used for each dose and sequestered 
into separate tanks accordingly. Ten control fish were in-
jected with TSB. The intraperitoneal challenge route was 
utilized because it is a reproducible and reliable method en-
suring challenge of all individual fish with a uniform bacte-
rial dose [6, 7]. 

 Fish were monitored for 7 days post-challenge; clinical 
signs of disease were recorded once daily while mortalities 
were removed three times daily. Swab samples were asepti-
cally obtained from the nares, brain, anterior kidney, and 
posterior intestine of 20% of dead fish from each group and 
cultured overnight on SBA at 30°C to confirm the presence 
of S. agalactiae. In order to confirm isolate identity as S. 
agalactiae, two bacterial isolates obtained from the brains of 
2 challenged fish were tested with the BIOLOG Mi-
croLog3™ system according to the manufacturer’s instruc-
tions (BIOLOG Inc., Hayward, California, USA) [3]. For 
histologic examination, intestinal tissues from 10 fish in the 
challenge groups and 5 fish from the control group were 
sampled 4 days post-challenge. Samples were fixed in 10% 
neutral buffered formalin, embedded in paraffin, sectioned at 
5 m, and stained with Harris’ hematoxylin and eosin. Any 
moribund fish in the study were humanely euthanized with 
an overdose of tricaine methanesulfonate (MS-222; Argent 
Chemical Laboratories, Redmond, Washington, USA). 
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 Within 7 days post-challenge, fish in each group devel-
oped overt clinical signs of disease, such as going off feed, 
lethargy, bilateral exophthalmia, erratic swimming, and 
death. Mortalities within each challenge group began 1 day 
post-challenge and most had occurred by 3 days post-
challenge. Several of the S. agalactiae-infected tilapia pro-
duced considerably longer (up to 20 cm in length) fecal 
waste strings (Fig. 1, Table 1) than unchallenged tilapia, irre-
spective of weight or challenge dose. Strings were observed 
trailing from the anus and often became increasingly opaque 
and white as time increased. Long but brown fecal strings 
started to appear within 2 days post-challenge and began to 
appear as white, mucoid fecal strings within 4 days post-
challenge. At this latter point, the fecal strings would contain 
intermittent sections of white, presumptively mucoid mate-
rial and brown feces or the whole fecal strings would contain 
entirely white, presumptively mucoid material devoid of 
brown feces. 

 Given that fish were not individually identified, the num-
bers of fish per group showing certain clinical signs was de-
termined as the maximum number observed exhibiting a 
clinical sign in one of the seven post-challenge days. Note 
that this may ultimately underestimate the total number of 
fish that showed a clinical sign if they stop exhibiting a 
clinical sign from one day to the next. When comparing 
maximum numbers of fish showing a certain clinical sign in 
one day with the total overall number of fish challenged (60 
fish), the percentage of fish showing a specific clinical sign 
was: mortalities (53%), confined to tank bottom (43%), leth-
argy (32%), fecal strings (28%), stationary (25%), slow or no 
feeding response (18%), darkened coloration (12%), and 
serpentine swimming (2%). Within each challenge dose 
group, the maximum percentage of fish to have fecal strings 
in one day was 20 to 40% and a higher percentage did not 
appear to be related to dose. 

 Samples for bacteriology obtained from the nares, brain, 
anterior kidney, and posterior intestines were all positive for 
bacterial growth. Bacterial cultures from all sampled organs 
elicited primarily smooth, white, circular, Gram-positive, 
oxidase-negative colonies, and isolates were identified as S. 

agalactiae with the BIOLOG system (Probability = 98 to 
99%). Control fish injected with TSB did not die or exhibit 
clinical signs of disease (including no fecal strings) and were 
negative for S. agalactiae growth. Light microscopic exami-
nation of intestinal sections from ten challenged fish did not 
reveal severe or consistent alterations. Two fish had food in 
the intestinal tract, and two fish exhibited focal areas of 
moderately increasing mucus cell numbers in the anterior 
intestine. Three fish showed mild inflammatory cell infiltra-
tion in the submucosa, and one fish exhibited mild focal en-
terocyte necrosis with sloughing of mucosal cells. No sig-
nificant changes were noted among five control fish when 
compared to normal tilapia intestinal histologic sections [8]. 

 

Fig. (1). Nile tilapia (Oreochromis niloticus) challenged with 
Streptococcus agalactiae exhibiting a long, white mucoid 
fecal string trailing from the anus. 

 Long mucoid fecal strings in S. agalactiae-infected fish 
have also not been previously described, but long fecal 

Table 1. Percentage of 10 Nile Tilapia (Oreochromis niloticus) in Each Dose Group Exhibiting Clinical Signs After Challenge with 

Streptococcus agalactiae
1
 

 

Clinical Sign 

Dose (cfu/Fish) 
Mortalities 

Confined to 

Tank Bottom 
Lethargy 

Fecal 

Strings 
Stationary 

Slow or No Feed-

ing Response 

Darkened 

Coloration 

Serpentine  

Swimming 

Control 0 0 0 0 0 0 0 0 

101 70 70 30 30 20 20 0 10 

102 60 50 30 30 10 20 10 0 

103 70 30 20 30 10 30 10 0 

104 30 30 30 20 30 20 10 0 

105 70 30 30 40 30 10 10 0 

106 20 50 50 20 50 10 30 0 

Overall Percent2 53 43 32 28 25 18 12 2 
1Tilapia were administered an intraperitoneal injection with 0.1 mL inoculum containing a 10-fold dilution from 101 to 106 colony-forming units (cfu) S. agalactiae/fish. Ten fish 
were used for each dose and sequestered into separate tanks accordingly. Ten control fish were inoculated with TSB. Fish were monitored daily for clinical signs of disease and 

mortality for 7 d post-challenge. 
2Overall percent is determined by the number of fish exhibiting a clinical sign per all 60 fish challenged. 
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strings were commonly observed in individual infected fish 
in our challenge studies. The feces were not cultured due to 
the high probability of contamination with water-borne S. 
agalactiae. While S. agalactiae was not isolated from the 
fecal strings themselves, fecal strings were only observed 
coming from S. agalactiae-challenged fish and not controls, 
all S. agalactiae-challenged fish sampled were culture-
positive (including all posterior intestine samples), and all 
control fish were culture-negative. This suggests that S. aga-
lactiae-challenged fish developed systemic infections and 
that the resulting disease included fecal string production. 
They resembled feces termed “mucoid fecal casts” described 
in select fish viral diseases, presumably created due to the 1) 
presence of sloughed intestinal mucous cells and enterocytes 
in the feces and 2) absence of normal fecal matter. This 
composition of the fecal strings are suggested by other pub-
lications [9-11] and by histologic examination of the intesti-
nal tissue of the challenged fish. Fecal strings are not fre-
quently examined or emphasized in relation to fish disease, 
though strings presumably containing sloughed intestinal 
mucosa and infectious organisms have been observed with a 
number of viral fish pathogens: Infectious Pancreatic Necro-
sis Virus, Infectious Hematopoietic Necrosis Virus, and 
Salmonid Herpesvirus Type 1 in salmonids and Spring 
Viremia of Carp [10, 11]. However, fecal strings are not rou-
tinely associated with bacterial diseases in fish. The presence 
of fecal strings can be cause for concern, suggesting a clini-
cal sign of viral or bacterial disease and the need for further 
etiological examination. Fecal analysis is commonly used for 
diagnosis of bacterial and parasitic infections in mammals 
[12], but is not so common in aquatic animal medicine. Fish 
feces have been collected in studies that measure parameters 
such as: intestinal flora composition [13], feed consumption 
and digestibility [14], and endocrine activity [15]. However, 
clinical fecal analysis and observation could add to the bat-
tery of non-invasive diagnostic tests for viral and now bacte-
rial diseases available to the aquatic animal clinician. Such 
clinical tests may be helpful because they can indicate dis-
ease presence, though they may not be as useful in acute 
disease. In this study, acutely affected fish died before the 
appearance of fecal strings. Fecal strings in the tanks may 
also promote S. agalactiae fecal-oral transmission, because 
streptococcal infections are known to occur after ingestion of 
materials containing streptococcal organisms [16, 17]. Feces-
related clinical signs and tests may be more useful for tilapia 
or other fish species maintained in clearer water (i.e. labora-
tory or aquarium tanks) than murkier water (i.e. ponds), be-
cause the strings can be readily observed as the fish swim. 
But these fecal strings have also been noted clinging to fish 
removed from water and may be analyzed even if the fish 
cannot be directly observed swimming with trailing fecal 
strings. 
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