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Abstract 

Shrimp aquaculture is an important industry that experiences significant losses from Vibrio 

species and intracellular bacteria, especially at the larval and juvenile stages. This review, which 

covers the period from 2000 to 2015, summarizes the bacterial diseases in farmed shrimp in Latin 

America based on information obtained for 12 countries with semi-intensive and intensive farming 

systems. The presence of five diseases with variable prevalence was determined. The most prevalent 

disease was septic hepatopancreatic necrosis (SHPN) or “vibriosis”, caused by Vibrio harveyi, V. 

parahaemolyticus, V. alginolyticus and other species; followed by necrotising hepatopancreatitis 

(NHP), with an intracellular bacterium as the etiological agent; and then by three emerging diseases, 

streptococcosis, acute hepatopancreatic necrosis disease (AHPND) and spiroplasmosis. 
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Introduction 

Shrimp farming in Latin American countries contributes about 15 % of world 

production, with Ecuador, Mexico, Honduras, Nicaragua and Brazil as the countries with the largest 

productions and having about 180 000, 65 000, 27 397, 23 980 and 20 000 ha of shrimp farming 

ponds, respectively. Production is destined for export, mainly to markets in the United States of 

America, Europe and Japan. Although Latin American shrimp production has been increasing, the 

last decade has been characterized by high prevalence of viral and bacterial diseases in farmed 

shrimp, probably due to fluctuations in temperature, salinity, oxygen, pH and water nutrients 

(Lightner 1993). Environmental factors and confinement are two important triggers for the rapid 

multiplication of opportunistic bacteria, located in the digestive tract, gills and cuticle of shrimp and 

in the water, feed and pond sediment (Jayabalan et al. 1982; Cuéllar-Anjel et al. 1998). The 

exoskeleton provides an effective physical barrier against pathogens that try to penetrate the outer 

surface of crustaceans, while the intestine is another defense barrier to keep out pathogens. 

However, some chitinoclastic (or chitinolytic) bacteria of the genus Vibrio are associated with 

exoskeleton disease and can also enter through wounds (Álvarez et al. 2000; Barrientos 2010). The 

gills appear to be susceptible to bacterial penetration because they are covered by thin exoskeleton; 

however, they are naturally cleaned by the permanent movement of water through the gill chambers 

and by frequent molting. The midgut and hepatopancreas are not lined by exoskeleton and therefore 

seem to be likely sites for pathogen penetration via water, feed and sediment. Bacterial diseases 

reported in shrimp farming are mainly caused by Vibrio harveyi, V. parahaemolyticus, V. 

alginolyticus, V. nigripulchritudo, V. campbellii, Pseudomonas spp., Aeromonas spp., 

Micrococcus spp., Candidatus Hepatobacter penaei and Streptococcus spp. Thus, the aim of this 

study is to compile the available information on bacterial diseases affecting shrimp-producing 

countries in Latin America during the past 15 years (Varela 2013; SIVE 2014; Marroquín 2015). A 

general review conducted to obtain information from 12 Latin American countries with semi-

intensive and intensive shrimp farming systems determined the presence of five diseases with 

variable prevalence. The following are the main bacterial diseases reported, along with their 

distribution and prevalence in Latin America and their clinical signs. 

Previously Known Bacterial Diseases 

Septic Hepatopancreatic Necrosis (SHPN), Vibriosis, Systemic Vibriosis or "Seagull Syndrome" 

This shrimp disease was reported in all 12 Latin American countries during 2000 to 2015. The 

average prevalence was 45.5 % (Table 1), with infections being most prevalent in Mexico and Costa 

Rica (80 %). SHPN has been reported in hatcheries (Lightner and Redman 1994; Cuéllar-Anjel et al. 

2000) and grow-out shrimp farms. The main Vibrio spp. isolated from shrimp with SHPN 

were V. harveyi, V. parahaemolyticus, V. alginolyticus and V. campbellii. Photobacterium 

damselae (formerly classified as V. damselae), V. fluvialis and Vibrio sp. were also reported in sick 

animals (Lightner and Lewis 1975). 
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Table 1.  Prevalence of bacterial diseases infecting farmed shrimp (%) in 12 Latin American countries during the period 

2000 to 2015.
1 

Country 
SHPN or 

Vibriosis 
NHP Streptococcosis AHPND Spiroplasmosis 

Mexico 80% 75% 
 

60% 
 

Guatemala 45% 25% 10% 
  

Belize 35% 40% 
   

El Salvador 30% 
    

Honduras 60% 35% 
   

Nicaragua 30% 20% 
   

Costa Rica 80% 67% 
   

Panama 35% 40% 
   

Colombia 30% 10% 
  

10% (outbreak in 

2002)
 2
 

Venezuela 30% 10% 
   

Ecuador 55% 70% 
   

Peru 35% 80% 
   

1
 AHPND = acute hepatopancreatic necrosis disease, NHP = necrotising hepatopancreatitis, SHPN = septic                                                          

hepatopancreatic necrosis.  
2 
Source: Nunan and Lightner (2005). 

 

SHPN has been diagnosed by classical bacteriology, quantifying the presence of bacteria in 

haemolymph (1x10
4
 cfu.mL

-1
) and hepatopancreas (1x10

5
 cfu.g

-1
). The wet-mount method was also 

used for the detection of progressive tubular deformation (Fig. 1), bacterial colonization, cell 

sloughing, haemocytic nodules and melanized necrotic tubules (Lightner, 1993).  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 1. Wet mount of hepatopancreatic tubules taken from Penaeus vannamei showing tubular deformation (arrows) and 

cellular desquamation. 
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Histopathological studies complemented the diagnostic process, by which the presence of 

haemocytic infiltration and nodules with bacterial clusters; hepatopancreatic tubule lumen 

hypertrophy; cell sloughing; and tubular melanization, necrosis and atrophy (moderate to severe) 

were confirmed. Haemocyte infiltration and haemocytic nodule formation with bacterial colonies 

were also reported in the heart (Fig. 2), gills, lymphoid organ, connective tissue, antennal gland, 

musculature, and caeca, with moderate to high severity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Histological sections of the heart of Penaeus vannamei showing haemocyte infiltration (HI) and haemocytic 

nodule formation (HN) with bacterial colonies (BC).   

Necrotizing Hepatopancreatitis (NHP) 

NHP is a disease caused by an intracellular rickettsia-like bacterium recently named 

as Hepatobacter penaei. It has been reported by most Latin American countries, with an average 

prevalence of 39.27 % (Morales-Covarrubias et al. 2011); Mexico, Peru, and Ecuador reported the 

highest prevalence (see Table 1). Diagnosis of NHP is done by using a polymerase chain reaction 

(PCR) test. This was complemented by analysis of wet mounts, through which empty (non-

vacuolated) hepatopancreatic tubules, capsule formation (Fig. 3) and melanized tubules with 

haemocyte infiltration (inflammatory response) were observed (Morales-Covarrubias 2010).  
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Fig. 3. Wet mount of hepatopancreatic tubules taken from Penaeus vannamei showing capsule formation (C) and 

melanized tubules (MT). 

NHP was also diagnosed using histopathology with haematoxylin and eosin (H&E) staining, 

quantifying damage in the hepatopancreatic tubules such as cell sloughing, tubular atrophy and 

melanization, the formation of multifocal haemocytic capsules (Fig. 4) involving one or more 

affected tubules, haemocytic infiltration, presence of epithelial cells within the tubules, and in some 

cases, clusters of intracytoplasmic bacteria (Morales-Covarrubias et al. 2012). 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig. 4. Histological section of the hepatopancreas of Penaeus vannamei showing capsule formation (C) containing 

intracytoplasmic bacteria (CB) and haemocytic infiltration (HI). 
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Newly Emerging Diseases  

Streptococcosis 

This disease has been reported only in Guatemala from 2009 to 2012. It was initially 

diagnosed using histopathology with H&E staining and by observing haemocytic infiltration, cell 

sloughing, tubular necrosis and haemocytic nodules (Fig. 5) in the hepatopancreas. Haemocyte 

infiltration, liquefying necrosis and bacterial mass in the musculature were also observed.  Classical 

bacteriology has been performed to quantify the number of colony forming units (cfu) in 

haemolymph (10
4
 cfu.mL

-1
) and hepatopancreas (10

6
 cfu.g

-1
) in blood agar. Mortality during the 

first two years reached 80 %, and Streptococcus uberis and S. parauberis were identified as 

causative agents (Hasson et al. 2009; Cazares 2012).  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Histological section of the hepatopancreas of Penaeus vannamei showing haemocytic infiltration (HI), multifocal 

haemocytic nodules (HN), tubular atrophy (TA)  and melanized tubules with capsule formation . 

Acute Hepatopancreatic Necrosis Disease (AHPND) 

AHPND was confirmed in Mexico (first report in the Americas) in August 2013 by Dr Donald 

V. Lightner from the University of Arizona, during the "Sixth Meeting of the Inter-American 

Committee on Aquatic Animal Health", held in Yucatán, Mexico. The way by which AHPND came 

into the country is unknown; it has caused mass mortalities in shrimp production farms culturing 

Penaeus vannamei Boone 1931.  
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In April 2013, high mortalities were observed in shrimp farms of Nayarit State, Mexico during 

first 20 days after stocking in semi-intensive and intensive farming systems. Within a few days, 

mortalities also occurred in other states of the northwest region (i.e. Sinaloa and Sonora), which 

includes around 90 % of farmed shrimp production in Mexico.  

Currently, AHPND is also present in shrimp farms located in the states of Chiapas, Colima 

and Baja California (Mexicali Valley), the latter two in low salinity (Morales-Covarrubias 2013; 

Soto-Rodríguez et al. 2015). The first approach to the diagnosis of AHPND, which was made in 

ponds by observation of clinical signs and wet-mount analysis, established three disease stages: an 

initial phase, an acute phase and a terminal phase. The initial phase involves normal hepatopancreas 

colour, tubular deformation (Fig. 6) and hepatopancreatic tubules that are empty at the apical region; 

these changes become more severe when the shrimp enters the acute phase. In this phase, the 

hepatopancreas has whitish to pale discolouration and presents central liquefaction when dorsally 

dissected. In the terminal phase, the hepatopancreas has whitish discolouration, atrophied and 

melanized tubules, necrosis, clusters of bacteria in the tubules (capsules), and haemocytic 

encapsulation, and the gut has a whitish content. Methods for confirmatory diagnosis of AHPND 

include histopathological study of affected shrimp tissues and the use of PCR tests (Tran et al. 

2013).  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

  

Fig. 6. Wet mount of the hepatopancreatic tubules of Penaeus vannamei showing tubular deformation and tubules that 

are empty at the apical region (arrows). 

The same three phases were also observed by histopathology: an initial phase with elongated 

epithelial cells, non-haemocytic infiltration and bacteria on the gastric mill (Fig. 7).  The acute phase 

had a progressive lesion from the inner (proximal) to the outer (distal) region of the 

hepatopancreatic tubules, including sloughing of cells into the tubules (Fig. 8); also moderate 

haemocytic infiltration, cell dysfunction of R, B, F and E cells in the hepatopancreatic tubules, and 

obvious nuclear hypertrophy in E cells.  
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The terminal phase presents tubular haemocytic encapsulation, severe haemocytic infiltration 

and bacterial clusters in the tubule lumen, haemocytic nodules with and without melanization and 

severe secondary bacterial infection.  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Histological sections of the gastric mill of Penaeus vannamei showing bacterial colonies (arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8. Histological section of the hepatopancreas of Penaeus vannamei showing elongated the hepatopancreatic tubules 

and sloughing of cells into the tubules (arrows). 
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Since 2013, Mexico has been the only country in the Americas with reported scientific 

evidence of AHPND. However, in June 2015, it was suggested that according to PCR analysis in 

local and foreign laboratories, AHPND is present in populations of farmed P. vannamei in Honduras 

and Nicaragua (Undercurrent News 2015), where mass mortalities were observed in commercial 

semi-intensive systems. Nevertheless, this has not been confirmed by the competent authorities of 

these countries. 

Spiroplasmosis 

This bacterial disease of shrimp is produced by Spiroplasma penaei, which was first reported 

in Colombia in 2002 and has not been detected since in any shrimp farms in the world (Altamiranda 

et al.  2011). In 2002, spiroplasmosis produced mortalities ranging from 10 to 100 % in commercial 

shrimp ponds and was initially diagnosed by histopathological study of diseased shrimp, and 

subsequently by PCR tests (Cuéllar-Anjel et al. 2010). Affected shrimp present no external changes 

that suggest a bacterial disease; however, expanded chromatophores are sometimes observed. The 

main histological changes seen in moribund shrimp are lesions typical of systemic bacterial disease 

and include haemocytic infiltration, multifocal inflammatory foci in several tissues/organs, 

haemocytic nodules, evidence of phagocytosis, melanization and eventual fibrosis of affected areas 

(Nunan et al. 2005; Pantoja and Lightner 2014). 

Organs and tissues that are affected by S. penaei include the ventral nerve cord, skeletal 

musculature, heart, antennal gland, lymphoid organ, fibrous connective tissue within the 

hepatopancreas, perigastric spongy connective tissue, gill lamellae and subcuticular epithelium. The 

disease progression involves the presence of necrotic cells with subsequent migration and 

aggregation of phagocytic cells into necrotic areas. After necrotic cells and cell-debris phagocytosis, 

haemocytic nodules appear that degenerate to melanized nodules and finally to a fibrous 

inflammatory response. For confirmatory diagnosis of S. penaei, a combination of histopathology 

and molecular techniques that include PCR and in situ hybridization is suggested (Nunan and 

Lightner 2005). 

Conclusion 

Based on the results obtained in this review, it was determined that the highest prevalence of 

bacterial disease in Latin American farmed shrimp was for septic hepatopancreatic necrosis (SHPN) 

caused by V. harveyi, V. parahaemolyticus and V. alginolyticus. This disease is probably due to 

stress during commercial farming and/or environmental changes in recent years. It is likely that the 

presence of one or more of the reported diseases should be attributed to a deficient or suppressed 

immune system and a damaged hepatopancreas. It has been reported by Duan et al. (2015) that an 

affected hepatopancreas promotes the presence, multiplication and spread of pathogens in organs 

and tissues of farmed shrimp.  
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This happens because the hepatopancreas performs several functions that include temporary 

nutrient storage and the synthesis, absorption, secretion and metabolism of lipids and carbohydrates. 

The hepatopancreas is also involved in the production of proteins required for vital functions, such 

as the synthesis of haemocyanin, a protein responsible for oxygen transport to all shrimp cells. 

The current foci of streptococcosis infections in Guatemala and of AHPND in Mexico are 

probably due to the fact that these are new (emerging) shrimp diseases in the Americas. It is 

important to note that at present, most of the bacterial pathogens are adapted to both fresh and 

marine water, so from the point of pathology and disease control, it is difficult to establish a clear 

boundary between coastal and marine aquaculture. An inadequate farming environment (e.g. low 

water and soil quality) can influence shrimp health, increasing susceptibility to pathogens.  

The results of this study may help shrimp farmers in implementing preventive measures that 

are aimed at reducing the risk of spreading bacteria between ponds and farms and to wild 

ecosystems, thus preventing high mortalities and their associated negative economic impacts for 

shrimp farms. Because diseases of aquatic organisms may have a variety of sources, it is important 

to conduct complete and comprehensive diagnostics procedures, covering as many factors as 

possible, including those related to the production system (e.g. epizootilogical mapping, climate, 

farm management, water quality and source of postlarvae). It is also valuable to have integrated 

health programmes with frequent monitoring plans and surveillance for each country, region and 

farm to prevent pathogen dispersion. It is urgent that the competent authorities of the countries of 

Latin America take action on aquatic health and establish strict border controls to protect their own 

productions and to prevent the entry and spread of transboundary pathogens to and within shrimp 

farms 
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