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Streptococcus agalactiae is amajor etiologic agent of septicemia andmeningoencephalitis outbreaks inNile tilapia
(Oreochromis niloticus L.) farms and the presence of carrier fish can be a significant source of infection. Nonlethal
methods to obtain samples for microbiological and molecular diagnostic tests are an option for detecting carrier
fish. The aim of this study was to standardize nonlethal samplingmethods for the diagnosis of S. agalactiae infec-
tion in Nile tilapia using microbiological and molecular assays. For this, 140 Nile tilapia juveniles were used in
three different experimental trials. In the first trial, nonlethal sampling methods – kidney aspiration, venipunc-
ture, nasal wash, gill mucus swabs, and fecal sample collection –were evaluated. The second trial was performed
to determine the routes of S. agalactiae shedding, and the third trial was conducted to evaluate the efficiency of
using nonlethal samples for the diagnosis of S. agalactiae infection in experimentally infected fish. The nonlethal
sampling methods used to collect samples from Nile tilapia were successfully standardized. There was no
mortality and no signs of infection observed in fish subjected to the samplingmethods tested (kidney aspiration,
venipuncture, nasal wash, gill mucus swabs, and fecal sample collection). S. agalactiaewas successfully reisolated
from all samples with the exception of nasal washes. The diagnostic methods used were able to detect the pres-
ence of S. agalactiae from carrier and diseased Nile tilapia. Our results demonstrate that nonlethal sampling
methods, including kidney aspiration and venipuncture, can be used for the detection of S. agalactiae by bacteri-
ology, PCR, and qPCR. Kidney aspiration and venipuncture in combinationwith qPCRwerehighly sensitive for the
detection of S. agalactiae (93.04%).
Statement of relevance: The use of nonlethal sampling is an alternative method for the detection of S. agalactiae
infection in diseased fish and carriers, allowing the diagnosis of this disease in broodstocks, or useful for surveil-
lance programs and health monitoring in hatcheries without having to sacrifice fish. This diagnosis is crucial to
avoid the maintenance of the pathogen in the culture system and the transmission of the disease to other farms.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Streptococcus agalactiae has emerged as a major etiologic agent of
septicemia and meningoencephalitis outbreaks in fish farms around
theworld (Jiménez et al., 2011;Mian et al., 2009). Currently, the diagno-
sis of S. agalactiae infection infish is based on lethal sampling of brain and
kidney tissues of diseasedfish for bacteriology or PCR assays (Evans et al.,
2002; Itsaro et al., 2012; Mata et al., 2004). Lethal sampling can be im-
practical for health monitoring and surveillance, particularly in hatcher-
ies where a large number of broodstock fish with high economic value
mayneed to be sacrificed (Cutrín et al., 2005). In addition,fish can be car-
riers of S. agalactiaewithout showing signs of disease (Evans et al., 2002)
and the clinical sensitivity of existing lethal methods for detecting the

presence of the pathogen in carrier fish is unknown at present. The pres-
ence of carrier fish can be a significant source of infection in the epidemi-
ological dynamics of streptococcosis. Thus, detection of the carrier state,
mainly among convalescing fish after outbreaks, is crucial to avoid the
maintenance of the pathogen in the culture system and the transmission
of the disease to other farms (Austin and Austin, 2007).

Nonlethalmethods to obtain samples formicrobiological andmolec-
ular diagnostic tests are an option for detecting carrier fish and have
been used previously to diagnose viral infections (Cornwell et al.,
2013; Drennan et al., 2007; Gahlawat et al., 2004; Monaghan et al.,
2015), parasitic infections (Ek-Huchim et al., 2012), and some bacterial
diseases (Altinok et al., 2001; Cipriano et al., 1996; Noga et al., 1988;
White et al., 1996). Venipuncture, biopsy, and mucus swab are the
most common nonlethal samplingmethods used to diagnose infectious
diseases in fish (Altinok et al., 2001; Cornwell et al., 2013; Monaghan
et al., 2015; Noga et al., 1988). Currently, however, there are no
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standardized nonlethal sampling methods for the diagnosis of
S. agalactiae infection in Nile tilapia (Oreochromis niloticus L.).

The aim of this study was to standardize nonlethal sampling
methods for the diagnosis of S. agalactiae infection in Nile tilapia using
microbiological, PCR, and qPCR assays.

2. Material and methods

The studywas performed using three experimental trials. In the first
trial, nonlethal sampling methods—kidney aspiration, venipuncture,
nasal wash, gill mucus swabs, and fecal sample collection—were evalu-
ated. After assessing the feasibility and safety of the sampling tech-
niques, trial 2 was performed to determine the routes of S. agalactiae
shedding, and trial 3 was conducted to evaluate the efficiency of using
nonlethal samples for the diagnosis of S. agalactiae infection in experi-
mentally infected fish.

2.1. Fish

A total of 140 juvenile Nile tilapia with an average weight of 120 g
were obtained from commercial fish farms. They were acclimated in
several 57-L aquaria supplied with flow-through dechlorinated tap
water (0.5 L h−1) at 28 °C, under a 12:12 h light/dark photoperiod,
and were fed to apparent satiation with VITAFISH 32% PB (Matsuda,
São Paulo, Brazil) twice per day. Prior to the experimental trials, five
fish were randomly collected and submitted to microbiological and
S. agalactiae-specific PCR assays (Mata et al., 2004) to demonstrate free-
dom frombacterial infections. All of the in vivo protocolswere approved
by the Ethics Committee for Animal Use of the Federal University of
Minas Gerais (CEUA-UFMG – 399/2013).

2.2. Nonlethal sampling methods (trial 1)

In trial 1, two experimental groups (test group, n=30; control group,
n = 10) were used to evaluate the following sampling methods: kidney
aspiration, venipuncture of the caudal vein, nasal wash, gill mucus
swab, and fecal collection. Fish were anesthetized by immersion in
100mg L−1 benzocaine (Sigma-Aldrich, Saint Louis, USA). Fish in the con-
trol groupwere anesthetized, but sampleswere not takenusing nonlethal
methods. All nonlethal sampling methods were applied to all fish in the
test group. Fish in the test groupwere first submitted to kidney aspiration
using a needle biopsy. The operculum was opened cranially and a 1-mL
syringe with a 22-gauge needle was inserted ventrodorsally and then in-
troduced craniocaudally at an approximate angle of 45° into the cranial
region of the kidney. Approximately 0.2mLof kidney tissuewas collected.
The presence of kidney tissue in each aspirate was confirmedmicroscop-
ically by smearing a subsample on a glass slide and staining the tissue
using a May Grünwald Giemsa stain fast kit (Laborclin, Pinhais, Brazil).
Blood samples (0.5 mL) were taken aseptically from the caudal vein
with a syringe and 22-gauge needle and dispersed into a tubewithout an-
ticoagulant. Nasal wash samples were obtained by administering and re-
covering 0.1mL of sterile saline solution in each nostril with an automatic
20–200 μL pipette (HTL,Warsaw, Poland). Thewash solutionwas admin-
istered and recovered three times in eachnostril then collected and stored
in a sterile 0.5 mL microtube. Fecal samples were obtained by squeezing
the ventral abdomen in the caudal direction. These samples were stored
in sterile 0.5 mL microtubes. Additionally, gill mucus was collected by
swabbing following the method described by Ek-Huchim et al. (2012).
Fish in both the test and control groups were monitored three times a
day for 7 days to evaluate the occurrence of clinical and behavioral alter-
ations caused by sampling.

2.3. Pathogen shedding routes (trial 2)

The fish were experimentally challenged with S. agalactiae SA 20-06
to identify possible shedding routes of the pathogen. This strain was

previously isolated from diseased Nile tilapia and identified by pheno-
typic and molecular methods (Mian et al., 2009). The LD50 of this strain
has been previously determined (6.14 × 101.17 CFU), and its complete
genome sequence is available (Godoy et al., 2013; Mian et al., 2009;
Pereira et al., 2013). A variant of SA 20-06was selected that had reduced
virulence following serial passages in culture (LD50 of 106 CFU) andwas
able to induce a carrier state in Nile tilapia (unpublished data). Two ex-
perimental groups (challenge group, n = 10; control group, n = 10)
were used in the infection assays. The experimental infection was per-
formed following Mian et al. (2009). The S. agalactiae-challenged
group were anesthetized and injected intraperitoneally with 0.1 mL of
the bacterial suspension (106 CFU fish−1). The control groupwere inoc-
ulated with 0.1 mL of sterile BHI broth (Brain Heart Infusion, Himedia,
Mumbai, India). At 2, 4, 7, 10, and 15 day post-infection (dpi), two fish
were randomly collected from each experimental group, and kidney as-
pirate, blood, nasal wash, gill mucus, and fecal samples were taken from
each fish. After sampling, fish were euthanized with an overdose of
benzocaine (250 mg L−1) in order to take brain and kidney samples.
The aseptic samples (brain, kidney, kidney aspirate, and blood) were
streaked onto 5% sheepblood agar and incubated at 28 °C for 72 h. A vol-
ume of 0.01 mL of each sample considered to be contaminated (nasal
wash, gill mucus, and feces) was inoculated into Granada biphasic
broth (BioMerieux, Madrid, Spain) immediately after collection and in-
cubated at 28 C for 48 h as an enrichment step to select S. agalactiae
fromothermicroorganisms present in these samples. Following culture,
0.1mL of the brothwas streaked onto 5% sheep blood agar and incubat-
ed at 28 °C for 72 h. The isolates were submitted to Gram stain, catalase,
and oxidase tests. S. agalactiae isolates were identified serologically
using Slidex Latex Agglutination (BioMerieux, Marcy l'Etoile, France)
and by S. agalactiae-specific PCR (Mata et al., 2004). The most efficient
nonlethal samples for bacteriological detection of S. agalactiae were
chosen for use in trial 3.

2.4. Efficiency of nonlethal sampling methods for diagnosis of S. agalactiae
(trial 3)

The fishwere experimentally challenged with S. agalactiae SA 20-06
to evaluate the effectiveness of each sampling method for the detection
of the pathogen. Two experimental groups (challenge group, n = 45;
control group, n = 30) were used in the infection assays. The experi-
mental infection was performed as described for trial 2. The fish were
monitored three times a day for 15 days to evaluate clinical signs of dis-
ease and mortality. Upon observation of severe clinical signs of disease
(moribund fish with complete loss of equilibrium and no response to
stimuli), kidney aspiration and blood sampling were conducted. Mori-
bund fish were then euthanized with an overdose of benzocaine and
subjected to bacteriological examination and tissue sampling for PCR
and qPCR. At the end of the experiment, all surviving fish were subject-
ed to nonlethal sampling methods. Immediately after taking nonlethal
samples, these fish were euthanized and subjected to the lethal sam-
pling methods.

2.5. Diagnostic methods

For bacterial isolation, samples of brain and kidney tissue (lethal
sampling method) were aseptically collected. These samples, in addi-
tion to kidney aspirate and blood samples, were streaked onto 5%
sheep blood agar and incubated at 28 °C for 48 h. The isolates were
characterized biochemically and serologically following the methods
described in trial 2.

For PCR and qPCR assays, the bacterial DNA from the tissues sampled
using lethal and nonlethal methods was extracted using a Maxwell 16
Tissue DNA purification kit (Promega, Madison, USA) according to the
manufacturer's instructions. The extracted DNA was quantified using a
Nanodrop spectrophotometer (Thermo Scientific, Wilmington, USA)
and stored at−20 °C until use.
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