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ARTICLE INFO ABSTRACT

Keywords: Linguatula is a food born zoonotic parasite in which carnivores and herbivores serve as final and intermediate
Sodium chloride hosts, respectively. Human infection with Linguatula spp. occurs following consumption of raw or undercooked
Temperatire infected internal organs of the intermediate host and/or consumption of water and/or vegetables contaminated
g:;t;s with eggs released from final hosts. The aim of this study was to determine prevalence and risk factors of Lin-
Buffalo guatula spp. in sheep, cattle, buffalo, goats and camels slaughtered at the Tabriz abattoir, Iran. In addition, effect
Sheep of temperature and sodium chloride (NaCl) on survival time of Linguatula spp. nymphs was assessed. For this

Cattle purpose, 25,520 mesenteric lymph nodes from 2552 animals and the livers and lungs from 656 animals were
collected randomly and examined. To evaluate the effect of temperature and NaCl on the survival of Linguatula
spp. nymphs in infected livers and lungs, 30 g of each liver and lung with dimensions of 2 x 3 x 4 cm, were
exposed to temperatures of —20, 10, 50, 60 and 72 °C and NaCl concentrations of 5 %, 10 %, 15 % and 20 % for
3, 6,12, 24, 48 and 72 h, in triplicate. Based on the mesenteric lymph nodes, 25.7 % (656 of 2552 animals) were
infected with Linguatula spp. Of the 656 liver and lungs assessed, 141 (21.5 %) and 62 (9.5 %) were infected with
Linguatula spp., respectively. The rate of infection of mesenteric lymph nodes in all animals was significant with
age (P < 0.05), with more older animals infected. In regards to sex, except for camels, more female animals were
infected than male animals (P < 0.05). There was a significant difference in survival of nymphs based on
temperature and/or NaCl and time (P < 0.0001). At 72 h, all temperatures assessed except 10 °C, resulted in all
nymphs being inactivated. Sodium chloride was more effective against Linguatula spp. nymphs in livers than in
lungs with 100 % efficacy only achieved against nymphs in livers at 20 % concentration after 48 h and at 10 and
15 % concentration after 72 h. Based on these results, heating and application of common salt as a food pre-
servative in meat products reduces the survival time of Linguatula spp. nymphs and their use could decrease the
risk of food-born microorganisms.

Seasonality

1. Introduction throughout the internal organs of the intermediate host reaching the

mesenteric lymph nodes (MLNs), liver, lungs and spleen, where they

Belonging to the class Pentastomida, Linguatula serrata and its hap-
lotypes and potentially closely related Linguatula species are zoonotic
arthropods (Hendrix, 1998) which usually infect dogs, and occasionally,
foxes, cats and other carnivores as the final host and herbivores as the
intermediate host. The adult parasite can be detected in the upper res-
piratory system, nasal airways and frontal sinuses of the final host
(Hendrix, 1998). Nasopharyngeal discharges of the final host spread the
egg into the environment which are then consumed by the intermediate
herbivore host. Following emergence from the eggs, the larva spread

develop into infective nymphs. The final hosts are infected following
ingestion of the infested viscera of intermediate hosts (Tavassoli et al.,
2018).

Human infection with L. serrata occurs following consumption of raw
or undercooked infected liver, lungs or other infected organs of the in-
termediate host and can manifest as a nasopharyngeal or Halzoun dis-
ease. Within Iran, the consumption of a delicious food called Joghul and
Boghul, in which the liver, lungs and intestines of primarily sheep but
also other ruminants are briefly cooked, can lead to Linguatula infection
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if these organs are infected with the nymphal stage. In humans, the
nymph and/or mature parasites migrate to the nasopharyngeal tract and
frontal sinuses leading to a variety of symptoms, ranging from mild
inflammation of the upper respiratory tract to temporary conductive
deafness (Khalil et al., 2013). The visceral form of the infection occurs
when humans consume water or vegetables contaminated with eggs
and, depending on the organ system involved, a range of symptoms
including abdominal pain, chronic cough, or night sweats can be
observed (Mateva et al., 2013). Most research on the epidemiology of
Linguatula spp. and sources of human infection have focused on
mesenteric and/or mediastinal lymph nodes of ruminants (Hajipour and
Tavassoli, 2019; Nourollahi et al., 2011, 2010; Oryan et al., 2011; Sudan
et al., 2014; Tajik et al., 2008; Tavassoli et al., 2007a, 2007b). Fewer
studies have been performed on liver or lung infection of various ani-
mals with Linguatula spp. nymphs (Haddadzadeh et al., 2010; Hami
et al., 2009; Morales Munoz et al., 2020; Oryan et al., 2011; Shakerian
et al., 2008; Shekarforoush et al., 2004; Tajik and Sabet Jalali, 2010;
Yakhchali et al., 2009). Although Linguatula is a public health issue,
there is no standard and comprehensive method for diagnosing the
infection in offal during abattoir inspection. Ruminant infection has no
considerable clinical signs and such animals are major sources of
infection for humans. Hence, it is necessary to understand the preva-
lence and risk factors for the parasite in ruminants and to identify effi-
cient disinfection and inactivation methods to improve food safety and
public health.

The purpose of this research, therefore, was to assess the prevalence
of Linguatula spp. nymphal stages in liver and lungs of ruminants
slaughtered at the Tabriz abattoir in the northwest of Iran and identify
possible factors, such as season, age, and sex, associated with the
infestation. In addition, the effects of temperature and salinity on sur-
vival of Linguatula spp. nymphs in infected livers and lungs of ruminants
were investigated.

2. Materials and methods
2.1. Area of study

This study was conducted in Tabriz in East Azerbaijan Province in
northwestern Iran, a region with a population of almost 1.5 million and
geographical directions of 38° 4’ North and 46° 18 East. This city,
located between Sahand and Eynali mountains, has a humid continental
climate with regular seasons. The climate is temperate during the
summer months and the winters are long with temperatures reaching
—10 °C. Summer is categorized as the months of July, August and
September, autumn as October, November and December, winter as
January, February and March and spring as April, May and June. The
annual average rainfall is 320 mm (Mansouri Daneshvar et al., 2019).
For mean temperature and precipitation in Tabriz during the time of this
study, see supplemental Table 1.

2.2. Sampling

From April 2019 to April 2020 on three to four days of each week,
25,520 MLNs from 2552 animals and 656 livers and lungs from 656
animals were collected after slaughter at the Tabriz abattoir. Animals
were selected randomly during each visit and sex and age (based on
dentition) of each sampled animal were recorded. After the first animals
were identified and followed from preslaughter through processing, the
next available animal was selected for sampling. From each animal 10 to
12 MLNs were collected randomly. The liver and lungs of animals whose
lymph nodes were found to be infected with Linguatula spp. were
selected for examination. In all work with the Linguatula spp. nymphs,
differentiation of stage and sex was not performed.
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2.3. Mesenteric lymph node examination

The samples were cut into small pieces (approximately 2 x 2 mm)
and then incubated in saline (0.9 % NaCl) for 5 to 6 min at room tem-
perature to allow nymphs to naturally emerge from the tissue. Nymphs
were collected from the saline by forceps. After recovering nymphs, they
were flattened, dehydrated in ascending grades of ethyl alcohol, cleared
in creosote and examined under a stereomicroscope (10x and 40x
magnification) (Hajipour et al., 2019).

2.4. Liver and lung examination

The liver and lung examination was performed in two steps. In the
first step, the organ was sliced into 4 to 5 mm thick sections and
observed carefully to find encapsulated or free nymphs. In the second
step, 100 g of mixed sliced samples were digested in 200 ml of pre-
heated digestion fluid containing 5 g pepsin and 25 ml hydrochloric
acid in 1000 ml distilled water and incubated at 37 °C for 24 h. After 24
h, the contents of the container containing the digestion solution, which
included the digested liver and lungs, and the larvae released from them
during digestion, were examined for Linguatula spp. nymph under a
stereomicroscope. The remaining parts of the livers and lungs of animals
identified as positive were placed in a refrigerator at 4 °C (Fig. 1).

2.5. Effect of different temperatures on Linguatula nymphs in infected
livers and lungs

To evaluate the effect of temperature on the survival of Linguatula
spp. nymphs in infected livers and lungs, 30 g samples of the previously
identified positive liver and lung were used. Thirty grams were selected
based on the number of nymphs (approximately 50 to 60) found in the
100 g subjected to the digestion method. The 30 g sample, with di-
mensions of 2 x 3 x 4 cm, were placed in plastic bags and exposed to
temperatures of 10, 50, 60, 72 and —20 °C for 3, 6,12, 24, 48 and 72 h in
triplicate using a water bath or freezer. Infected liver and lungs stored at
4 °C were used as controls.

2.6. Effect of different concentrations of sodium chloride on Linguatula
nymphs in infected livers and lungs

To evaluate the effect of sodium chloride, 30 g samples of the pre-
viously identified positive liver and lung, with an estimated 15 to 20
nymphs, with dimensions of 2 x 3 x 4 cm, were placed in plastic bags
and exposed to concentrations of 5 %, 10 %, 15 % and 20 % for 3, 6, 12,
24, 48 and 72 h in triplicate. Infected liver and lungs stored at 4 °C were
used as controls.

2.7. Evaluation of survival rate of Linguatula nymphs in infected livers
and lungs treated to different temperatures and sodium chloride

After the infected liver and lungs were treated at different temper-
atures and concentrations of sodium chloride, they were slightly crushed
and immersed in pepsin digestion solution, then incubated at 37 °C for
24 h. The motility of nymphs was then assessed under a stereomicro-
scope as described by Mir et al. (2009) with those exhibiting movement
categorized as having survived the treatment.

2.8. Statistical analysis

The resulting data were statistically analyzed by one-way analysis of
variance (ANOVA) and if the difference in means was significant (P <
0.05), Duncan's post hoc test was used to track the difference between
groups. Data analysis was done using SPSS version 21 software. The P <
0.05 or (P < 0.001) level was considered as significant.
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Fig. 1. Linguatula nymphs in mesenteric lymph nodes (a), Infected liver digested in pepsin (b) and Infected lung digested in pepsin.

3. Results
3.1. Prevalence, risk factors

Out of 2552 animals studied, 656 (25.7 %) were infected with Lin-
guatula nymphs. The prevalence of nymphs in MLNs, livers and lungs of
the different animals are summarized by sex, age and season in
Tables 1-5. The results showed that the prevalence of infection with
Linguatula nymphs in MLNs was significantly higher in goats (63 %) than
in cattle (14.8 %), sheep (21.5 %), buffaloes (10.5 %) and camels (17.3
%) (P < 0.05). The rate of nymph infection in livers and lungs was
observed as 30.2 % and 13.3 % in goats, 19.8 % and 8.7 % in sheep, 11.1
% and 11.1 % in camels, 7.1 % and 4.8 % in buffalos and 6.8 % and 1.7 %
in cattle (P > 0.05). The results of statistical analysis showed that the
rate of infection of mesenteric lymph nodes in all animals and the level
of infection of liver and lungs in goats was significant with increasing
age and sex, with more female than male animals infected (P < 0.05).
The relationship between the level of infection and the seasons was not
significant, except in sheep and goats. However, the rate of infection in
all animals except camels was higher in the autumn than in other sea-
sons. Although a difference was seen in the infection rate between males
and females in all studied animals, it was not significant within the same
age except for camels (P > 0.05).

Table 1

3.2. Effect of temperature on Linguatula nymphs in infected livers and
lungs

Approximately 15-20 nymphs were recovered from each sample,
which were sufficient for the assessments and suggest similar distribu-
tion across the samples used. There was a significant difference in sur-
vival of nymphs based on temperature and time (P < 0.001) (Table 6). At
10 °C after 3, 6 and 12 h, survival was >90 % for nymphs in livers and
lungs. At 72 h. all temperatures, except 10 °C resulted in all nymphs
being inactivated. In general, 72 °C and — 20 °C, at all time points,
resulted in the lowest survival of the nymphs.

3.3. Effect of sodium chloride on Linguatula nymphs in infected livers and
lungs

As with the samples used for the temperature evaluation, approxi-
mately 15-20 nymphs were recovered from each sample, which were
sufficient for the assessments and suggest similar distribution across the
samples used. Sodium chloride was more effective against Linguatula
spp. nymphs in livers than in lungs with 100 % efficacy only achieved
against nymphs in livers at 20 % concentration after 48 h and at 10 and
15 % concentration after 72 h (Table 7). There was a clear relationship
of concentration and time in survival of the nymphs in livers and lungs.

The prevalence of Linguatula nymphs in liver, lungs and mesentery lymph nodes in cattle by season, age and sex from 2019 to 2020.

Organ Season Number animals No. infected animals (%) Number of infected animals (%)
Age groups (years) Sex
<2 2-4 >4 Male Female

MLNs Spring 200 19 (9.5) 2 (D 5(2.5) 12 (6.0) 7 (3.5) 12 (6.0)
Summer 200 29 (14.5) 6 (3) 9 (4.5) 14 (7.0) 10 (5.0) 19 (9.5)
Autumn 200 40 (20.0) 7 (3.5) 13 (6.5) 20 (10.0) 13 (6.5) 27 (13.5)
Winter 200 30 (15.0) 5(2.5) 8 (4.0) 17 (8.5) 14 (7.0) 16 (8.0)
Total 800 118 (14.8) 20 (2.5) 35 (4.4) 63 (7.9) 44 (5.5) 74 (9.3)
P value 0.32 0.000 0.002

Liver Spring 19 1(5.3) 0 0 1(5.3) 0 1(5.3)
Summer 29 1(3.4) 0 0 1(3.4) 0 1(3.4)
Autumn 40 4 (10) 0 1(2.5) 3(7.5) 1(2.5) 3(7.5)
Winter 30 2(6.7) 0 1(3.3) 1(3.3) 0 2(6.7)
Total 118 8 (6.8) 0 2(1.7) 6 (5.1) 1(0.8) 7 (5.9)
P value 0.745 0.023 0.025

Lung Spring 19 0 0 0 0 0 0
Summer 29 0 0 0 0 0 0
Autumn 40 1(2.5) 0 0 1(2.5) 0 1(2.5)
Winter 30 1(3.3) 0 0 1(3.3) 0 1(.3)
Total 118 2(1.7) 0 0 2(1.7) 0 2(1.7)
P value 0.690 0.287 0.154
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Table 2
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The prevalence of Linguatula nymphs in liver, lungs and mesentery lymph nodes in buffalo by season, age and sex from 2019 to 2020.

Organ Season Number animals No. infected animals (%) Number of infected animals (%)
Age groups (years) Sex
<2 2-4 >4 Male Female
MLNs Spring 100 7 (7.0) 1(1.0) 1(1.0) 5(5.0) 2(2.0) 5 (5.0)
Summer 100 8 (8.0) 1(1.0) 3(3.0) 4 (4.0) 2(2.0) 6 (6.0)
Autumn 100 17 (17.0) 2(2.0) 4 (4.0) 11 (11.0) 5(5.0) 12 (12.0)
Winter 100 10 (10.0) 1(1.0) 3(3.0) 6 (6.0) 3(3.0) 7 (7.0)
Total 400 42 (10.5) 5(1.3) 11 (2.8) 26 (6.5) 12 (3.0) 30 (7.5)
P value 0.090 0.000 0.003
Liver Spring 7 0 0 0 0 0 0
Summer 8 0 0 0 0 0 0
Autumn 17 2(11.8) 0 1(5.9 1(5.9) 1(5.9) 1(5.9
Winter 10 1 (10.0) 0 0 1 (10.0) 0 1 (10.0)
Total 42 3(7.1) 0 1(2.4) 2(4.8) 1(2.4) 2(4.8)
P value 0.610 0.327 0.549
Lung Spring 7 0 0 0 0 0 0
Summer 8 0 0 0 0 0 0
Autumn 17 1(5.9) 0 0 1(5.9) 0 1(5.9)
Winter 10 1 (10.0) 0 0 1 (10.0) 0 1(10.0)
Total 42 2(4.8) 0 0 2(4.8) 0 2(4.8)
P value 0.705 0.557 0.147
Table 3
The prevalence of Linguatula nymphs in liver, lungs and mesentery lymph nodes in camels by season, age and sex from 2019 to 2020.
Organ Season Number animals No. infected animals (%) Number of infected animals (%)
*Age groups (years) *Sex
<4 4-8 >8 Male Female
MLNs Spring 15 1(6.7) 0 0 1(6.7) 0 1(6.7)
Summer 12 5(41.7) 0 1(8.3) 4 (33.3) 1(8.3) 4(33.3)
Autumn 13 2(15.4) 0 0 2(15.4) 0 2(15.4)
Winter 12 1(8.3) 0 0 1(8.3) 0 1(8.3)
Total 52 9 (17.3) 0 1(1.9) 8(15.4) 1(1.9) 8 (15.4)
P value 0.076 0.004 0.37
Liver Spring 1 0 0 0 0 0 0
Summer 5 1 (20.0) 0 0 1 (20.0) 1 (20.0) 0
Autumn 2 0 0 0 0 0 0
Winter 1 0 0 0 0 0 0
Total 9 1(11.1) 0 0 1(11.1) 1(11.1) 0
P value 0.268 0.325 0.343
Lung Spring 1 0 0 0 0 0 0
Summer 5 1 (20.0) 0 0 1 (20.0) 0 1 (20.0)
Autumn 2 0 0 0 0 0 0
Winter 1 0 0 0 0 0 0
Total 9 1(11.1) 0 0 1(11.1) 0 1(11.1)
P value 0.268 0.325 0.343

Given the small sample size for lungs and liver, statistical analysis results must be interpreted with caution.

4. Discussion

The results of the present study showed that the Linguatula nymph
infection rate in MLNSs of cattle (14.75 %), buffaloes (10.5 %), camels
(17.3 %), sheep (21.5 %) and goats (63 %) from this region was higher
than previously reported rates in other surveys from Iran which found
6.9-12.8 % of cattle (Hashemnia et al., 2018; Tabaripour et al., 2017),
5.1-5.7 % of buffaloes (Tajik and Sabet Jalali, 2010), 13.5-16.2 % of
camels (Haddadzadeh et al., 2010; Oryan et al., 2011), 9-19.7 % (Azizi
et al., 2015; Dehkordi et al., 2014; Gharekhani et al., 2017; Hashemnia
etal., 2018; Kheirabadi et al., 2015) and 16.8-59.8 % of goats (Dehkordi
et al., 2014; Gharekhani et al., 2017; Hajipour et al., 2019; Hashemnia
et al., 2018; Nourollahi et al., 2010; Rezaei et al., 2011; Tabaripour
et al., 2017) to be infected. However, the prevalence found in different
animals in this study was low according to other reported results in
previous studies within Iran (Alborzi et al., 2013; Bamorovat et al.,
2014; Nourollahi et al., 2012, 2011; Rezaei et al., 2012, 2011; Tajik
et al., 2008; Youssefi et al., 2014). The reasons for the difference in
prevalence in the studies conducted in different regions are probably

due to different weather conditions such as annual rainfall, humidity,
and temperature; the population of dogs in the region also likely plays a
role (Hajipour and Tavassoli, 2019).

The prevalence of infection with Linguatula nymphs was significantly
higher in goats than in cattle, sheep, camels and buffaloes. The reason is
not clear but it may be related to different forage habitats of goats. Also,
goats are often grazed ahead of the other livestock, which could be
another reason for the observed increase in the risk of infection (Haji-
pour and Tavassoli, 2019; Tavassoli et al., 2014). The prevalence of
Linguatula nymphs in the MLNs of female ruminants except for camels
was significantly higher than in those of males, which may be a result of
the higher mean age of females at slaughter.

With the exception of livers and lymph nodes of sheep and goats in
the autumn, no significant difference was observed between the infec-
tion rate in different seasons (P > 0.05). However, in the autumn the
prevalence trended toward being higher than in other seasons which
was similar to the results of previously published studies (Hajipour et al.,
2019; Mirzaei et al., 2011). However, studies by Tabaripour et al. (2017)
and Kheirabadi et al. (2015), who also found seasonal differences,



N. Hajipour et al.

Table 4

International Journal of Food Microbiology 413 (2024) 110571

The prevalence of Linguatula nymphs in liver, lungs and mesentery lymph nodes in sheep by season, age and sex from 2019 to 2020.

Organ Season Number animals No. infected animals (%) Number of infected animals (%)
Age groups (years) Sex
<1 1-2 >2 Male Female
MLNs Spring 200 23 (11.5) 3(1.5) 6(3.0) 14 (7.0) 8 (4.0) 15 (7.5)
Summer 200 25 (12.5) 3(1.5) 7 (3.5) 15 (7.5) 10 (5.0) 15 (7.5)
Autumn 200 79 (39.5) 8(4.0) 16 (8.0) 55 (27.5) 25 (12.5) 54 (27.0)
Winter 200 45 (22.5) 7 (3.5) 12 (6.0) 26 (13) 17 (8.5) 28 (14.0)
Total 800 172 (21.5) 21 (2.6) 41 (5.1) 110 (13.8) 60 (7.5) 112 (14.0)
P value 0.000 0.000 0.000
Liver Spring 23 2(8.7) 0 1(4.3) 1(4.3) 1(4.3) 1(4.3)
Summer 25 3(12.0) 0 1 (4.0) 2(8.0) 1 (4.0) 2(8.0)
Autumn 79 23 (29.1) 1(1.3) 2(2.5) 20 (25.3) 5(6.3) 18 (22.8)
Winter 45 6 (13.3) 0 244 4(8.9) 1(2.2) 5(11.1)
Total 172 34 (19.8) 1(0.6) 6 (3.5) 27 (15.7) 8(4.7) 26 (15.1)
P value 0.041 0.073 0.121
Lung Spring 23 14.3) 0 0 14.3) 0 1(4.3)
Summer 25 1 (4.0) 0 0 1 (4.0) 0 1(4.0)
Autumn 79 10 (12.7) 0 1(1.3) 9(11.4) 2(2.5) 8(10.1)
Winter 45 3(6.7) 0 1(2.2) 2(4.9) 1(2.2) 2 (4.4
Total 172 15(8.7) 0 21.2) 13 (7.6) 3@1.7) 12 (7.0)
P value 0.387 0.129 0.206
Table 5
The prevalence of Linguatula nymphs in liver, lungs and mesentery lymph nodes in goats by season, age and sex from 2019 to 2020.
Organ Season Number animals No. infected animals (%) Number of infected animals (%)
Age groups (years) Sex
<1 1-2 >2 Male Female
MLNs Spring 125 43 (34.4) 5(4.0) 12 (9.6) 26 (20.8) 15 (12.0) 28 (22.4)
Summer 125 57 (45.6) 12 (9.6) 15 (12.0) 30 (24.0) 23 (18.4) 34 (27.2)
Autumn 125 120 (96.0) 23 (18.4) 35 (28.0) 62 (49.6) 25 (20.0) 95 (76.0)
Winter 125 95 (76.0) 12 (9.6) 24 (19.2) 59 (47.2) 32 (25.6) 63 (50.4)
Total 500 315 (63.0) 52 (10.4) 86 (17.2) 177 (35.4) 95 (19.0) 220 (44.0)
P value 0.000 0.000 0.002
Liver Spring 43 5(11.6) 1(2.3) 1(2.3) 3(7.0) 2(4.7) 3(7.0)
Summer 57 8(14.0) 1(1.8) 2(3.5) 5(8.8) 3(5.3) 5(8.8)
Autumn 120 61 (50.8) 5(4.2) 18 (15.0) 38 (31.7) 22 (18.3) 39 (32.5)
Winter 95 21 (22.1) 5(5.3) 6 (6.3) 10 (10.5) 9 (9.5) 12 (12.6)
Total 315 95 (30.2) 12(3.8) 27 (8.6) 56 (17.8) 36 (11.4) 59 (18.7)
P value 0.000 0.000 0.002
Lung Spring 43 3(6.9) 0 2(4.7) 1(2.3) 2(4.7) 1(2.3)
Summer 57 5(8.7) 0 1(1.8) 3(5.3) 0 5(8.8)
Autumn 120 23 (19.2) 0 8(6.7) 15 (12.5) 6 (5.0) 17 (14.2)
Winter 95 11 (11.5) 0 4(4.2) 7 (7.4) 5(5.3) 6 (6.3)
Total 315 42 (13.3) 0 15 (4.8) 26 (8.3) 13 (4.1) 29 (9.2)
P value 0.061 0.000 0.037

showed higher prevalence in summer and spring, respectively. This
seasonal difference is likely due to grazing and exposure periods. If in-
termediate hosts grazing in spring swallow the infectious eggs, Lingua-
tula nymphs will be seen in the autumn, since the time from ingestion of
eggs to formation of the nymphal stage requires 6 months. In the loca-
tion of the study reported here, suitable weather conditions for egg
development occur in the late spring, coinciding with the time of grazing
sheep, resulting in the autumn nymphs in MLNs (Hajipour et al., 2019).

Studies on means of inactivating Linguatula nymphs are needed to
identify procedures that could be implemented post-slaughter to
decrease human exposure and infection. However, few studies have
been performed on inactivation methods of Linguatula nymphs in vitro.
Heat and sodium chloride are two effective methods for inactivating
Linguatula nymphs, although the best temperature and concentration
combined with exposure times needs to be determined. Heat results in
the denaturation and coagulation of cellular proteins leading to the
death of the nymphs while exposure to sodium chloride removes water
from the body of the parasites resulting in plasmolysis and subsequent
death (Jay et al., 2008). Studies by Basti et al. (2011) and Hajimo-
hammadi et al. (2012) showed much lower survival rates of the nymphs

at similar temperatures and much quicker death with, for example, only
8 % survival after 0.5 h at 60 °C. However, in these previous studies, the
nymphs were isolated while in the study presented here in, the nymphs
were within the liver or lungs.

The survival time of the nymphs stored at the high temperatures
(50 °C, 60 °C and 72 °C) were short and all the isolated nymphs were
found dead after maximum 1.5 h. The other ones stored at freezing
temperature (—18 °C) were more resistant and died after 3 h (Basti et al.,
2011).

Hajimohammadi et al. (2012) showed that the survival time of the
nymphs stored in 10 % NaCl solution was shorter compared to the
present study and all of them were dead after 3 h. But the other ones
maintained in 2 % NaCl solution were significantly more resistant (p <
0.05) and survived for 2 days. All the nymphs pertaining to each 60 °C
and 72 °C treatments were found dead after first 5-min storage interval;
the nymphs stored at 50 °C died totally after 20 min.

The time required for heat to penetrate tissues varies which is re-
flected in the higher survival rate of Linguatula nymphs in the lungs
compared to the liver at the same temperatures and treated time. In
addition, some protease enzymes can help to increase the survival time
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Table 6
Percent survival of Linguatula nymphs in infected livers and lung at different
temperatures and exposure times (Mean + SE).

Organ  Temp.
(V)]

Exposure time (hours)

3 6 12 24 48 72
Liver 10 100° 1004 93.3 20.3 79.3 56.2
+6.6° +57° + +
10.4° 28.2°
50 100° 281+ 108 97+ 55+  0.0°
7.7° +58 507 5.5%
60 579+ 453+ 47+ 47+  0.0° 0.0
14.4° 5.3 477 472
72 246+ 201+ 33+  0.0° 0.0° 0.0°
16.9° 1.1° 3.3%
-20 140+ 33+ 0.0° 0.0° 0.0° 0.0°
1.6% 3.3%
Lung 10 100° 100° 100° 87.7 74.6 66.4
+6.1° & +
12.9° 18.9°
50 100° 440+ 180 15.0 66+  0.0°
9.7° + +82% 6.6
11.72
60 626+ 361+ 66+ 66+ 0.0° 0.0°
6.4° 7.3% 6.6 6.6
72 277+ 222+ 41+  0.0° 0.0° 0.0°
114.6° 14.6%° 412
-20 133+ 6.6+ 0.0° 0.0 0.0 0.0
13.3° 6.6

Lowercase letters (a-d) in each column indicate statistical significance.

Table 7
Percent survival of Linguatula nymphs in infected livers and lung at different
concentrations of sodium chloride and exposure times (Mean + SE).

Organ  Con. Exposure time (hours)
(%)
3 6 12 24 48 72
Liver 5 100° 81.2+  61.2 59.4+  45.3 27.8
2.44 +1.2¢  2.0° +54°> +28°
10 73.6+ 542+ 440 145+ 56+  0.0°
6.1° 5.9¢ +9.7¢ 1.2° 5.6
15 340+ 384+ 248 42+ 28+  0.0°
20.2° 3.2° +1.5°  4.2° 2.8%
20 131+ 33+ 3.7+ 2.8+ 0.0° 0.0°
7.22 3.3% 3.72 2.8°
Lung 5 100° 100° 93.3 77.8+ 583 55.6
+6.7¢ 222 +83> &+
29.4°
10 86.7+ 833+  80.0 522+  17.8 11.1
13.3% 9.6 + 7.8¢ +9.74  +11.1
11.5¢
15 583+ 549+  50.0 454+ 167 8.3+
12.7% 11.3% +.0° 7.8¢ +9.6° 8.3°
20 372+ 306+ 150 133+ 67+ 6.7+
14.8% 19.4 +7.6° 13.3° 6.7° 6.7°

Lowercase letters (a-d) in each column indicate statistical significance.

of parasites such as Clonorchis sinensis metacercariae during long-time
refrigerated storage (Li et al., 2006). Protease enzymes probably play
a role in the long survival time of Linguatula nymphs stored at refrig-
eration temperature, but the detailed mechanism is not clear (Alcala-
Canto et al., 2007). In a study conducted by Mir et al. (2009), it was
shown that Linguatula nymphs can survive in PBS at room temperature
and —4 °C for 4 days (Mir et al., 2009). Negrea et al. (2009) studied the
effect of temperature on Linguatula nymphs in vitro and showed that the
nymphs were destroyed after 24 h at —18 °C. At 4 °C on the first day, 50
% and 10 % on the second day were alive, and on the third day, all of
them were dead, and those kept at the laboratory temperature
(15-25 °C) were alive on the fifth day of treatment (Negrea et al., 2009).

The results of our studies showed that the survival rate of nymphs in
liver in the concentration of 5 % and 10 % of sodium chloride after 3 h,
was 100 % and 73.6 %, respectively, which was not in line with the
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results obtained from the studies of Hajimohammadi et al. (2017). They
reported 6.6 % and 0 % survival rate of Linguatula nymphs in 5 % and 10
% sodium chloride concentrations after 3 h of treatment, respectively.
However, with the increase in sodium chloride concentration and the
duration of treatment, the survival rate of the parasite decreases, which
is consistent with other studies (Hajimohammadi et al., 2017).

A limitation of the study presented herein, due to funding limita-
tions, is a lack of morphological descriptions combined with molecular
analysis to confirm the Linguatula species. Based on previous publica-
tions, it is most likely Linguatula serrata (Yektaseresht et al., 2023;
Shamsi et al., 2020: Bamorovat et al., 2021; Ghorashi et al., 2016).
However, mixed infections or different infections among the hosts
cannot be ruled out.

5. Conclusion

In conclusion, the high prevalence of infestation observed in rumi-
nants, especially goats, is critical due to the zoonotic nature of Lingua-
tula. Considering the results, it can be concluded that the prevalence of
Linguatula in animals in Tabriz is high which could play an important
role in the epidemiology of linguatulosis in people. Further studies are
needed for subtyping, speciating and determining existence of mixed
infestations to expand the epidemiological understanding of the para-
site. The risk of linguatulosis in people in the region could potentially be
decreased through heating or the application of common salt as a food
preservative, since these decrease motility of the nymphs. In regions
where raw or undercooked organs may be eaten and Linguatula preva-
lence is high the people should be warned of the risk of linguatulosis and
post-slaughter disinfecting methods implemented.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijfoodmicro.2024.110571.
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