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Abstract
In recent years, Acinetobacter isolates have frequently been obtained from foods of different origins, and the relevance of 
their presence and their role as a foodborne pathogen are rarely discussed. Surviving the passage through the gastrointestinal 
system is paramount to its intestinal colonization and, consequently, to triggering foodborne illnesses and other subsequent 
infections in the consumer. This work evaluated food isolates of Acinetobacter spp. (from ready-to-eat salads and goat milk) 
for their ability to survive in simulated gastrointestinal conditions. The isolates were exposed for 40 min at pH 2.0 in the 
presence of pepsin to simulate gastric conditions, followed by subsequent exposure to simulated intestinal fluid (with bile salts 
and trypsin) for 120 min. In general, reductions of 4.2–48.1% in viable counts of isolates were observed after exposure to the 
simulated gastrointestinal conditions. It is worth noting that six isolates showed a population reduction of less than 1 log CFU.
mL-1. This study points out that some isolates of Acinetobacter spp. found in food could reach the intestine after ingestion of 
contaminated food, remaining viable and at high counts, therefore posing a potential risk as a food pathogen, being able to 
develop infections in consumers, especially in the most vulnerable ones.

Keywords: gastrointestinal digestion, opportunistic foodborne pathogen, goat milk, ready-to-eat salad, A. baumannii.

Practical Application: Acinetobacter may be an opportunistic foodborne pathogen by surviving the gastrointestinal tract.

Survival of Acinetobacter spp. isolated from food to simulated gastrointestinal conditions
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1 INTRODUCTION
Acinetobacter spp. has been isolated from different foods 

of plant and animal origin, including foods that do not un-
dergo heat treatment before ingestion. Many of these isolates 
are resistant and multiresistant to antibiotics (Ababneh et al., 
2022; Carvalheira, Casquete et al., 2017; Carvalheira, Silva, & 
Teixeira, 2017; Malta et  al., 2020, 2021; Marí-Almirall et  al., 
2019). However, little is known about Acinetobacter’s ability to 
colonize the gastrointestinal system. 

Some studies carried out in different countries with 
hospitalized patients report indications that this may occur. 
The studies highlighted very similar cases: Patients generally 
under 5 years of age or elderly were admitted to hospitals 
initially presenting with gastrointestinal infections. Acineto-
bacter strains were isolated from feces, and, in some cases, 
the patient’s clinical condition progressed to bacteremia, also 
caused by Acinetobacter spp. Bloodstream infections are closely 
associated with previous infections from the respiratory tract 
and infections related to intravenous devices (Regalado et al., 
2009; Thom et al., 2010; Yakut et al., 2016). This may be why 
the association between previously developed gastrointestinal 
tract infections caused by Acinetobacter spp. and bloodstream 
infections is underinvestigated.

One of the primary routes for Acinetobacter spp. to enter 
the gastrointestinal tract is through food. Recent global studies 
have demonstrated that various foods of plant and animal origin 

could serve as entry points for Acinetobacter spp. in the human 
body. This mode of transmission has also been observed in other 
bacterial species, such as Escherichia coli.  

In recent decades, the number of individuals with weakened 
immune systems, such as in cases of HIV, cancer, tuberculosis, 
transplants, chemotherapy, and carriers of autoimmune diseases, 
among others, has increased thanks to advances in medicine 
and, therefore, greater life expectancy. These conditions further 
predispose affected individuals to infectious diseases (Cant & 
Cole 2010; Dropulic & Lederman 2016). Thus, the contact by 
the ingestion and subsequent colonization of these individuals 
with resistant and multiresistant bacteria, such as Acinetobacter 
spp., can be highly critical. 

As the existing literature is limited, our study fills a cru-
cial gap by providing evidence that Acinetobacter spp. could 
potentially bypass gastrointestinal defenses and emerge as an 
opportunistic foodborne pathogen. Our research is novel in 
that it investigates the survival capacity of Acinetobacter spp. 
isolated from food to simulated gastrointestinal conditions, 
thereby suggesting its potential as a food-associated pathogen.

1.1 Relevance of the work

Milk and ready-to-eat salads could serve as entry points 
for Acinetobacter spp. in the human body. Our research in-
vestigated the survival capacity of Acinetobacter spp. from 
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food to simulated gastrointestinal conditions. The results 
showed that this pathogen could reach the intestine after 
ingestion of contaminated food, remaining viable and at high 
counts, thus highlighting its potential as an opportunistic 
foodborne pathogen.

2 MATERIALS AND METHODS

2.1 Bacterial isolates

Acinetobacter spp. used in this work came from raw goat’s 
milk and ready-to-eat salads, identified by MALDI-TOF mass 
spectrometry in previous studies (Beltrão, 2019; Ramos & Nasci-
mento, 2019) in Rio de Janeiro, Brazil, and are shown in Table 1. 
The isolates were activated from stocks frozen at –20°C using 
inoculation onto plates containing Casoy agar (tripticase soy 
agar, HiMedia, São Paulo, Brazil). The plates were incubated at 
37°C for 18–24 h.

2.2 Digestion fluid stock solution

The components and concentrations proposed by Minekus 
et al. (2014) were used to prepare the digestion fluid stock solu-
tion for simulated gastric juice (SGJ) and simulated intestinal 
fluid (SIF). The solution was autoclaved, aliquoted into Falcon 
tubes, and frozen at –20°C until use.

2.3 Assessment of tolerance to simulated gastric juice

To compose the SGJ, a pepsin solution (Sigma-Aldrich, 
USA) was added to the digestion fluid at the time of use. The so-
lution was sterilized by filtration through a nitrocellulose mem-
brane (0.22 μm) up to a final concentration of 2,000 U/mL and 
with the pH adjusted to 2.0.

Tolerance to SGJ was assessed as described by Pettersen et 
al. (2019), exposing 1 mL of saline solution containing a cell 
suspension of approximately 8.0 log CFU.mL-1 of Acinetobac-
ter spp. to 9 mL of SGJ, previously warmed to 37°C. Exposure 
was performed for 40 min at 37°C and agitation at 100 rpm to 
simulate peristaltic movement.

Suspension aliquots were collected at time zero and after 
40 min of exposure for quantification, as described by Mao et 

al. (2006). Serial dilutions were performed and inoculated, in 
duplicate, on plates containing Casoy agar. Plates were incubated 
at 37°C for 24 h. After the incubation time, the colony count 
was performed.

 2.4 Assessment of simulated intestinal fluid tolerance

In order to mimic what happens in the human body, the 
isolates were subjected to SIF action, as described by Pettersen 
et al. (2019), with minor changes. After the time of exposure to 
SGJ, the pH of the medium was adjusted to 7.0 using a sterile 
solution of 1.0 M NaOH, and, subsequently, the intestinal fluid 
was simulated from the addition of bovine pancreas trypsin 
(Sigma-Aldrich, USA) in order to reach a final concentration 
of 100 U/mL and bile salts (ox gall, Sigma-Aldrich, USA) at a 
final concentration of 0.3% (w/v), as adapted by Madureira et al. 
(2005). The SIF was maintained at 37°C for 120 min with 100 rpm 
stirring. The quantification of viable cells was performed after 
60 and 120 min of bacteria exposure to SIF, following the same 
methodology used to quantify viable cells after exposure to SGJ.

2.5 Statistical analysis

Differences in the counting values between the isolates 
obtained from salads and raw milk were compared using an 
unpaired t-test using GraphPad software. p-values < .05 were 
considered significant.

3 RESULTS AND DISCUSSION
Unlike classic foodborne pathogens, Acinetobacter is rarely 

described as associated with diarrheal disease. However, the 
main reason for this disparity lies in the fact that these bacteria 
usually cause much more severe infections, and even when they 
are detected in the gastrointestinal system, their presence is 
usually overshadowed by the co-occurrence of more common 
infectious agents, which are then collectively treated as oppor-
tunistic pathogens (Amorim & Nascimento, 2017).

Notably, seven isolates from salads and four from goat’s 
milk were used in this study to investigate the survival capacity 
of food Acinetobacter spp. The initial counts of Acinetobacter 
spp. from ready-to-eat salads before treatments ranged from 
7.99 to 8.67 log CFU.mL–1. After 40 min of exposure to SGJ, the 
obtained counts varied between 6.70 and 7.68 log CFU.mL–1. 
Except for the isolates F3R13/1, F5R14/3, and F3R18/7, which 
presented a reduction higher than 1.0 log CFU.mL–1, reductions Table 1. Acinetobacter spp. used in this study.

Identification Isolates Source

Acinetobacter baumannii
F3R18/7 S
F3R13/1 S
F1R13/6 S

Acinetobacter gerneri F5R14/3 S

Acinetobacter guillouiae
1708 M
1715 M

Acinetobacter nosocomialis
F4R15/7 S
F4R15/6 S
F1R13/7 S

Acinetobacter ursingii
2008 M
2017 M

M: samples from raw goat milk; S: amples from ready-to-eat salads.

SGJ: simulated gastric juice; SIF: simulated intestinal fluid; ¢: initial inoculum; ¢: 
exposure to SGJ for 40 min; ¢: exposure to SIF for 1 h; £: exposure to SIF for 2 h. 
Figure 1. Survival of Acinetobacter spp. in the simulated gastrointes-
tinal system. 
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lower than this value were observed for the other isolates from 
salads (Figure 1).

This study breaks new ground by examining the tolerance 
of Acinetobacter spp. from raw and fresh food to simulated 
gastrointestinal fluids. This unique approach makes it difficult 
to directly compare our findings with other studies on the same 
microorganism. However, our results align with those of stu-
dies conducted on classic food pathogens, providing valuable 
insights into the survival mechanisms of these organisms.

Pienaar and his team conducted a comprehensive analysis of 
two groups of isolates of enteropathogenic and enterotoxigenic E. 
coli. These isolates were subjected to gastric conditions with varying 
pH levels for a duration of 180 min. The researchers discovered that 
both groups of E. coli demonstrated remarkable resilience, surviving 
even with membrane damage. They also observed that strains of 
enterotoxigenic E. coli remained viable and cultivable across all pH 
levels, a finding of significant interest (Pienaar et al., 2016).

In our studies, Acinetobacter isolates isolated from food 
showed good tolerance to SGJ at pH 2.0, reducing a maximum 
of 19.7% of the initial inoculum. Low pH also does not seem 
decisive for the survival of food pathogens such as Shigella 
flexneri, S. dysenteriae, Salmonella Typhimurium, and Vibrio 
cholerae. Even though they suffer some damage to their cells, 
these pathogens can tolerate exposure to gastric juice for 30–180 
min (Singh & Barnard, 2016, 2017).

However, for a food pathogen to establish colonization in 
the human intestinal tract, it must be able to resist local stress, 
which includes changes in pH, concentration of bile salts (which 
play a detergent role in the emulsification of fats, facilitating 
the degradation of lipids present in the plasma membrane), 
and the presence of trypsin in pancreatic juice, which is crucial 
in this process, since this proteolytic enzyme plays the role of 
proteolysis, promoting the breakdown of proteins into amino 
acids (Joffre et al., 2019; Zhang et al., 2016).

Mimicking the passage from the stomach to the intes-
tine, when the isolates were exposed to the action of bile 
salts and trypsin (SIF composition) for 60 min, the counting 
of the log CFU.mL–1 varied little for seven of the salads’s 
isolates tested.

The isolates were kept in the same condition for another 
60 min, obtaining, at the end of the incubation, reductions of 
about 0.53 and 4.17 log CFU.mL–1 compared with the initial 
inoculum. In general, the isolates showed a population reduction 
higher than 1.5 log CFU.mL–1 in the last hour, except for isolate 
F1R13/7, whose reduction was only 0.53 CFU.mL–1. The A. bau-
mannii F3R18/7 isolate showed a higher sensitivity to simulated 
gastrointestinal conditions, with an average final reduction of 
4.17 log CFU.ml-1 (48.1% of the initial concentration), followed 
by the isolate F3R13/1, also A. baumannii, whose counts after 
treatment showed a reduction of 3.05 log CFU.mL–1 (36.6% of 
the initial concentration).

The other group of Acinetobacter spp. from raw goat milk 
was also subjected to simulated gastrointestinal conditions (Fi-
gure 1). At the beginning of the experiments, before exposure 
to SGJ, counts of 8.59, 8.27, 7.12, and 6.92 log CFU.mL–1 were 

obtained for isolates 1708, 1715, 2008, and 2017, respectively. 
When exposed to SGJ for 40 min, the population of isolates 
slightly dropped, reaching counts of 7.75, 8.45, 6.84, and 6.71 
log CFU.mL–1, respectively.

When exposed to SIF for 2 h, it was observed that the po-
pulation of the isolates suffered a decrease, with reductions from 
0.30 to 2.46 CFU.mL–1 compared to those obtained after exposure 
to SGJ. The A. ursingii 2008 isolate was the one that showed the 
highest tolerance to the simulated gastrointestinal conditions 
since, throughout the entire exposure, there was a reduction 
of only 0.30 log CFU.mL–1 (4.2 % of the initial concentration).

In general, reductions of 3.0–19.7% in viable counts of 
isolates from both sources were observed during exposure to 
SGJ. In comparison, 4.2–48.1% reductions were obtained after 
exposure to SIF for the subsequent 2 h. The analysis of the sur-
vival fractions in the simulated stomach and intestine revealed 
the difference between the two groups of Acinetobacter spp. 
isolates from goat’s milk and salad were not considered statis-
tically significant (p = .1621). 

In our study, all isolates from raw goat’s milk and six salad 
isolates showed a reduction of less than 1 log CFU.mL–1 when 
exposed to FIS, suggesting greater tolerance to these conditions. 
The total reduction in the population of these isolates after the total 
exposure to simulated gastrointestinal conditions corresponded to 
a survival of 51.9–95.6% of the initial inoculum. This high tolerance 
has also been observed with other foodborne pathogens. Mathipa 
and Thantsha (2015) described the behavior of strains of enterohe-
morrhagic E. coli in a simulated gastrointestinal model, where tole-
rance of these bacteria was verified after 120 min of exposure. The 
tolerance of Salmonella spp. and Listeria monocytogenes under the 
same conditions was investigated in another study, in which the au-
thors highlighted the high tolerance of these pathogens to bile salts  
(Akritidou et al., 2022).

4 CONCLUSION
Our results demonstrate that some isolates of Acinetobacter 

spp. studied in this work, both isolated from raw goat’s milk 
and ready-to-eat salads, could reach the intestine and remain 
viable under the action of bile salts and proteolytic enzymes 
in concentrations very similar to the initial inoculum (e.g., 
isolates F1R13/7 and 2008), being highly tolerable under these 
conditions. Our data also show that the total reduction in values 
from the initial inoculum of most of the isolates until the end 
of exposure to the simulated gastrointestinal conditions was 
not remarkable, reaching a median of 24%, highlighting that 
only one isolate proved to be more sensitive, with a reduction 
near to 50% (F3R18/7). This work alerts to the ability of Acine-
tobacter spp. to circumvent the primary defenses of the human 
gastrointestinal system, especially in the elderly, young children, 
and immunocompromised individuals, who could be more sus-
ceptible to gastrointestinal infections caused by Acinetobacter.
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