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Objective: In China, lamb and fish are well-known triggers for an asthma attack. Our 
investigation aims at assessing whether the long-term intake of lamb meat or Basa fish would 
aggravate pulmonary inflammation as well as exploring changes in the intestinal microbiota 
and immune cells in asthmatic mice.
Materials and Methods: The murine asthmatic model was established by intraperitoneal 
injection of ovalbumin (OVA) plus aluminum on day 0 and 14 and nebulization of OVA 
from day 21 to 27. Lamb meat or fish was administered to asthmatic mice by oral gavage 
from day 0 to 27.
Results: Our results showed that long-term consumption of lamb meat or Basa fish in asthmatic 
mice increased the number of inflammatory cells in bronchoalveolar lavage fluid (BALF), 
enhanced levels of IL-5, IL-13 in BALF and total IgE in serum, aggravated pulmonary inflam-
matory cell infiltration and mucus secretion. Long-term oral lamb enhanced the proportion of type 
2 innate lymphoid cells (ILC2) from small intestine while it inhibited that of Treg from lung in 
asthmatic mice. Oral fish showed no remarkable effect on that of ILC2 from lung and small 
intestine but inhibited that of intestinal Treg in asthmatic mice. What’s more, the chao-1 and 
observed species richness as well as PD whole tree diversity increased in asthmatic mice while 
these increments were inhibited after lamb treatment. PCA analysis indicated that there were 
significant differences in the bacterial community composition after lamb or fish treatment in 
asthmatic mice. Both lamb and fish treatment enhanced the abundance of colonic Alistipes in 
asthmatic mice.
Conclusion: Collectively, long-term intake of lamb or fish shapes colonic bacterial com-
munities and aggravates pulmonary inflammation in asthmatic mice, which provides reason-
able food guidance for asthmatic patients.
Keywords: asthma, intestinal microbiota, lamb, fish, ILC2, Treg

Introduction
The prevalence of asthma has increased significantly over the decades. It affects 
more than 340 million people worldwide and causes at least 250,000 deaths. It 
creates a massive burden on public health, which leads to a reduced quantity of life 
and global economic costs. Finding new evidence-based asthma therapies is an 
effective way to reduce the burden in both developed and developing countries.1,2

Diet plays an essential role in many diseases, and it has been described that 
some kinds of food might have benefits to several diseases such as hypertension, 
diabetes, and digestive disorders.3 However, the association between foods and 
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allergic diseases is very complicated. On the one hand, 
some food, such as vegetable and fruit, has a good effect 
on asthma. On the other hand, food is also a source of 
allergies for some people.4 Studies have found that many 
ingredients in food such as n-6 polyunsaturated fatty acid 
(PUFA) are factors that cause asthma to worsen, and may 
also be the culprit of provoking asthma.5 In traditional 
Chinese medicine, particular trigger foods, including 
lamb, fish, onion, and spicy, are believed to aggravate 
inflammatory diseases, especially allergy. According to 
Huang’s research, asthma is a kind of disease that can be 
induced seriously by taking trigger food, while lamb and 
fish meat are these two typical foods.6 Zhu found that 
intake of lamb could increase the levels of TNF-α, IFN- 
γ, and IL-17 in the serum of dermatitis mice. Fish is also 
found not conducive to wound healing and instead exacer-
bates inflammation in the traumatic model.7 Additionally, 
a food allergy may be associated with allergic asthma.8 

Nevertheless, there are still few studies on the relationship 
between trigger foods and asthma.

In recent years, more and more researchers focus on 
the nutrition-gut microbiome-physiology axis. Changing 
diet patterns to shape the gut microbiota has become 
a potential treatment to alleviate diseases.9 The pork can 
induce oxidative stress and inflammation by altering gut 
microbiota while the effect and mechanism of lamb and 
fish on microbes is still not thoroughly explained.10–12 

Intestinal microbiota shows a strong relationship with sus-
ceptibility and severity of asthma.13 Studies have shown 
that the early reduction of diversity in the intestinal micro-
biota is closely related to the child’s asthma phenotype.14 

Intestinal clearance of mice by antibiotics can aggravate 
allergic airway inflammation induced by airway 
allergens.15 Besides, some probiotics such as 
Bifidobacteria and Lactobacilli have been tried in the 
treatment of asthma. The study finds Bifidobacteria 
relieves asthma by regulating Th1/Th2 balance, and sup-
plementation with Lactobacillus rhamnosus relieves air-
way inflammation of asthmatic mice.16–18 Therefore, how 
nutrition shapes intestinal microbiota is crucial to under-
stand the mechanism of the development of asthma.

Treg and ILC2 cells play essential roles in the occur-
rence of allergic diseases. Treg can downregulate the 
immune response to alleviate inflammation. Therefore, 
the decrease of Treg may be one of the pathological 
mechanisms of asthma.19,20 Recently ILC2 has been 
proved to contribute to the development of asthma. 
Although it only accounts for a small part of the immune 

cells in the lungs under normal conditions, it is the primary 
producer of IL-5 and IL-13 in the lung.21,22 ILC2 can be 
divided into two populations, including the inflammatory 
ILC2, which is marked as KLRG1+ ILC2, and natural 
ILC2 as ST2+ ILC2.23 Both KLRG1+ ILC2 and Treg 
have tissue migration function.24–27 Thus, our study aims 
at exploring whether two trigger foods, including lamb and 
fish, will aggravate pulmonary inflammation as well as 
how gut microbiota and immune cells will be shaped in 
OVA-induced asthmatic mice.

Materials and Methods
Animals
The study was conducted at the Beijing University of 
Chinese Medicine. Female BALB/c mice, 6–8 weeks old, 
were purchased from Beijing Vital River Laboratory 
Animal Technology Company (Beijing, China). Animals 
were fed in the SPF animal room of Beijing University of 
Chinese Medicine. All animal studies were approved by 
the Animal Ethics Committee of Beijing University of 
Chinese Medicine (Approval Number: BUCM- 
4-2018120601-4054). Animal experiments were con-
ducted according to the guidelines of the Animal Care 
and Use Committee of Beijing University of Chinese 
Medicine.

Preparation of Food Mixture and 
Application
The raw materials are purchased from Jindong Online 
Mall (Jingdong.com). Here lamb meat (The following 
abbreviation is lamb) and Basa fish (The following abbre-
viation is fish) are chosen as the raw materials. The HU’s 
methods were adopted and modified as followed.28 500g 
of lamb meat or Basa fish was poaching and boiling for 3 
hours after being washed. Then the boiling was homoge-
nized, and diluted with sterilized water to a final volume of 
1000mL for the stomach filling. 0.2mL of food mixture at 
a concentration of 0.5g/mL was given daily per mouse 
from day 0 to 27, according to 40g daily intake of lamb 
or fish for humans.

Establishing Allergic Asthma
The allergic asthmatic murine model was established and 
modified according to methods of Xu.29 After one week of 
adaptation to the environment, BALB/c mice were ran-
domly divided into four groups with at least six mice each, 
as follows: (1) PBS group (2) OVA group (3) OVA+Lamb 
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group (4) OVA+Fish group. On day 0 and 14, the mice in 
the OVA, OVA+Lamb, and OVA+Fish groups were sensi-
tized by intraperitoneal injection with 20μg of OVA 
(Sigma-Aldrich™, St. Louis, MO, USA) in PBS mixed 
with an equal volume of Alum as an adjuvant in a total 
volume of 200μL. On day 21–27, these mice were nebu-
lized in an atomization chamber (1% OVA in PBS) for 
30mins per day. For the PBS group, PBS is applied to 
replace OVA instead. The body weights of the mice were 
recorded daily during the experimental process.

Serum, Bronchoalveolar Fluid Collection 
and Cell Counting
On day 28, mice were anesthetized with isoflurane and 
euthanized by cervical dislocation after collecting blood. 
Serum was obtained by centrifuging the blood at 4500g for 
15 minutes at 4°C and stored at −80 ° C until analysis. The 
lungs of the mice were lavaged three times, with 1 mL of 
normal saline containing 1% FBS (FBS, Gibco). BALF 
was centrifuged (1500g) for 5 minutes at 4°C, and the 
supernatant was stored at −80 ° C for detecting cytokines. 
The precipitation was suspended by PBS, diluted 1000 
times and stained with trypan blue. Finally, the cell num-
bers of BALF were counted under the microscope.

Histological Examination of the Lungs
Histological examination is used to assess disease progres-
sion further. The lungs were washed in phosphate buffer 
and fixed in 10% formaldehyde at room temperature. The 
organs were dehydrated in a gradient of ethanol and then 
embedded in paraffin. Tissue sections of 4 μm were 
stained with hematoxylin and eosin (H&E) and periodic 
acid-Schiff (PAS) to assess pathological morphology.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
Total IgE levels in serum (Biolegend, 432401), and IL-5 
(Biolegend, 431204), IL-13 (eBioscience, KMC2221) 
levels in BALF were measured by enzyme-linked immu-
nosorbent assay (ELISA) kit according to the manufac-
turer’s instructions.

Cell Isolation from Lung and Gut Tissues 
in Mice
A single-cell suspension was obtained according to the 
reference.30 In brief, mice were anesthetized with isoflur-
ane and euthanized by cervical dislocation on day 28. 

Lungs were minced and incubated with 1 mg/mL collage-
nase IV (Worthington™, LS004189) and 50 μg/mL DNase 
I (Roche™, 11284932001) in RPMI-1640 media for 40 
min at 37°C before being mashed through 70 μm cell 
strainers. For isolation of cells from the intestine, after 
adherent fat tissue and Peyer’s patches were removed, 
the gut was opened longitudinally, cut into 5 mm pieces, 
and washed with 20 mL HBSS medium containing 5 mM 
EDTA and 1 mM DTT for 20 min at 37°C twice to remove 
epithelial cells. Then, gut tissues were digested with 2 mg/ 
mL collagenase type III (Worthington, LS004183) and 50 
μg/mL DNase I in RPMI-1640 media for 40 min. Single- 
cell suspensions from all tissues were used for subsequent 
flow cytometry staining.

Flow Cytometry Analysis
Single-cell suspensions were kept at 4°C, and nonspecific 
binding was blocked by anti-Fc receptor blocking antibody 
(anti-CD16/32) before cell surface staining. For detecting 
ILC2, cells were first stained with biotinylated monoclonal 
antibodies specific for CD3ε, CD4, CD8α, CD11c, CD11b, 
CD19, TCRβ, TCRγδ, NK1.1, Gr1, Ter119, and B220. 
Then these cells were stained with Alexa Fluor®488- 
conjugated streptavidin, APC-Cy7 conjugated anti-mouse 
CD45, PE-Cy7 conjugated anti-mouse CD90.2, Percp-5.5 
conjugated anti-mouse KLRG1.For Treg detection, cells 
were first stained with FITC anti-mouse CD3, PE anti- 
mouse CD4, and APC anti-mouse CD25. Then these cells 
were stained with Percp-5.5 anti-mouse FOXP3 after 
being fixed and permed with intracellular Fixation & 
Permeabilization Buffer (eBiosciences, 88882400). Cells 
were detected by FACS CantoTM (BD, Biosciences) and 
analyzed by FlowJo software.

16S rDNA Gene Microbiome Analysis
DNA samples taken from BALB/c mouse feces in differ-
ent groups were analyzed based on 16S rDNA gene 
sequences to examine characteristic bacterial communities 
along the intestinal tract of mice. Small fragment libraries 
with concentrations higher than 30 ng/μL were used for 
PCR amplification. After thawing on ice, the samples were 
tested before treatment, centrifuged and thoroughly mixed, 
and the Qubit test was used to test the sample concentra-
tion. The PCR program conditions were set at 95 ° C for 5 
minutes, then 95 ° C for 30 seconds, then 56 ° C for 30 
seconds, 25 cycles, then 72 ° C for 40 seconds, then 72 ° 
C for 10 minutes, and finally at 4 ° C. Detected on a 2% 
(150V, 30mins) agarose gel. The universal primers were 
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(5ʹ-ACTCCTACGGGAGGCAGCA-3ʹ) and (5ʹ- 
GGACTACHVGGGTWTCTAAT-3ʹ), based on 16S 
rDNA sequencing, using the two hypervariable regions 
of the 16S rRNA, V3 and V4 regions to identify the 
majority of bacteria, and the positive and negative read-
ings of the V3 and V4 regions of the Illumina HiSeq 2000 
platform. Only sequences longer than 50 bp were used for 
systematic analysis at the 0.03 Operational Taxonomic 
Units (OTU) level. All procedures were performed follow-
ing the manufacturer’s agreement (Allwegene Company, 
Beijing, China). Bioinformatics analysis will be performed 
along with the sequencing data.

Statistical Analysis
All data were expressed as mean ± SEM. Data analysis 
was performed using SPSS20.0 software. Data comparison 
between the two groups was performed by Student's t-test. 
Data comparison between more than two groups was ana-
lyzed by one-way ANOVA. P<0.05 are considered statis-
tically significant.

Results
Changes in the General State of the Mice
In our study, an asthmatic model was established by 
OVA sensitization and challenge (Figure 1A) Lamb 

and fish was administrated by intragastric injection to 
asthmatic mice from day 0 to 27. Considering the effect 
of foods on body weight, the body weights of all mice 
throughout the whole experiment were detected. Overall, 
OVA, OVA+Lamb, and OVA+Fish groups indicated 
a significant weight loss compared with the PBS group 
on d27 (Figure 1B). Among them, that from the OVA 
+Lamb group showed the most obvious. Although the 
comparison of the length of the small intestine of the 
four groups showed no significant difference, the length 
of the colon from the OVA+Lamb group was signifi-
cantly shortened compared with the OVA group 
(P<0.05). It indicated that lamb meat probably contrib-
uted to colonic inflammation in asthmatic mice. What’s 
more, the lung and spleen indices of the OVA group, the 
OVA+Lamb group, and the OVA+Fish group were con-
siderably higher than those of the PBS group. Compared 
with the OVA group, the spleen index of the OVA 
+Lamb group rose significantly (P<0.05) (Figure 1C).

Lamb and Fish Aggravates Pulmonary 
Inflammation in Asthmatic Mice
In the OVA-induced asthma mouse model, increasing 
serum total IgE and inflammatory cells, infiltration in 
BALF are the most characteristic of asthma. Compared 

Figure 1 Effect of lamb and fish on the body weight, gut length, lung and spleen index of mice. (A) A schematic view for the induction of allergic asthma along with lamb or 
fish treatment in mice. (B) The body weight change curve of mice. The weights among different groups were compared on d27. (C) On d28, large intestine, small intestine, 
lung, and spleen are removed. Gut length, lung and spleen index was calculated. Lung index = lung weight (g)/body weight (g)×100%; Spleen index = spleen weight (g)/body 
weight (g)×100%. All data were expressed as mean ± SEM. Compared with the PBS group, ##P <0.01; compared with the OVA group, *P < 0.05. n=6 per group.
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with the PBS group, the OVA group developed severe 
peripheral vascular and bronchial inflammation, which 
manifested as infiltration of leukocytes around the bronchi 
and secretion of mucus, as well as thickening of the 
alveolar wall and narrowing of the alveolar space (Figure 
2A). Compared with the OVA group, these damages of the 
OVA+Lamb and OVA+Fish group were more evident with 
a significantly increasing number of goblet cells by PAS 
staining and remarkable leukocyte infiltration in HE stain-
ing, especially in OVA+Lamb group. A significant 
increase in IgE concentration was observed in the OVA 
group (P<0.01), while the OVA+Lamb and OVA+Fish 
group showed a higher IgE concentration (P <0.01 of 
OVA+Lamb group, P <0.01 of the OVA+Fish group). 
Cells from BALF were collected at the end of the experi-
ment. The total numbers of inflammatory cells in the OVA 
+Lamb and OVA+Fish group were both increased signifi-
cantly compared to the OVA group (P <0.01 of OVA 
+Lamb group, P <0.05 of the OVA+Fish group). 
Furthermore, the concentration of IL-5 and IL-13 in 
BALF was significantly increased in the OVA+Lamb and 
OVA+Fish group compared with the OVA group, which is 
consistent with mucus release in pathological sections 
(Figure 2B).

Lamb and Fish Changes Gut Microbial 
Community Structure in OVA-Induced 
Asthmatic Mice
16SrDNA analysis was performed to investigate further 
how lamb and fish shape intestinal flora in asthmatic mice. 
In total, 941,480 valid sequences were measured, with an 
average of 78,456 sequences per sample. The analysis was 
performed at a level of similarity higher than 97%, and 
a total of 1076 OTUs were obtained. The PBS group has 
an average of 343 OTUs, OVA group 593, OVA+Lamb 
395, and OVA+Fish 559 (Table 1). The curves of all 
samples tend to be flat, indicating that the amount of 
sequencing data is large enough to reflect most microbial 
information in the sample.

Next, samples from four groups were compared regard-
ing the abundance and diversity of microbiota. The results 
showed that the abundance and diversity of the OVA group 
increased significantly compared with the PBS group 
(P<0.01). Compared with the OVA group, the abundance 
and diversity of the OVA+Fish group did not change 
much. Although the diversity of the OVA+Lamb group 
did not change significantly either, it is worth noting that 
Chao index and observed_species of the OVA+Lamb 
group showed a significant decrease compared with the 

Figure 2 Effect of lamb and fish on the lung inflammation of mice. (A) Lung histological effects of lamb and fish in asthmatic mice (magnification ×20); (B) IgE levels from 
serum, the total cell numbers from BALF, IL-5, and IL-13 levels from BALF. All data were expressed as mean ± SEM. Compared with the PBS group, ##P <0.01 #P <0.05; 
compared with the OVA group, **P <0.01 *P <0.05. n= 6 per group.
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OVA group, suggesting a significant reduction in the abun-
dance of gut microbes (P<0.01) (Figure 3A). PCA analysis 
found that the differences among the four groups were 
significant. The more similar the composition of the 
microbiota between samples, the closer the distance repre-
senting their coordinate points in the PCA plot. The con-
tribution rates of PC1 and PC2 in Figure 3B were 40.92 
and 24.26% respectively, with a cumulative contribution 
rate of 65.18%. The closer the PCA plot in the distribution 
principal components in Figure 3B, the more similar the 
community composition of the samples. On the PC2 axis, 

PBS and OVA+Lamb treatments were distributed towards 
the positive direction, while OVA and OVA+Fish treat-
ments were mainly distributed towards the negative direc-
tion. The PBS group was significantly different from the 
other three groups, and the OVA+Lamb group was signifi-
cantly diverse from the OVA group or OVA+Fish group 
(Figure 3B).

Lamb and Fish Changes the Taxa 
Abundance of the Intestinal Flora in 
OVA-Induced Asthmatic Mice
To explore potential probabilities of the observed changes 
in diversity, we continued to analyze the relative abun-
dance of intestinal flora. At the phylum level, we found 
that Firmicutes and Bacteroides accounted for more than 
95% of the total gut flora. There was no significant differ-
ence among the PBS group, the OVA group, and the OVA 
+Fish group (Figure 4A). However, compared with the 
OVA group, Firmicutes from the OVA+Lamb group 
increased significantly (P <0.01) while Bacteroidetes 
decreased significantly (P<0.01) (Figure 4A).

At the genus level, compared with the PBS group, the 
relative abundance of Lactobacillus (P<0.01) and 
Rikenellaceae_RC9_gut_group (P<0.05) from the OVA 
group, the OVA+Lamb group, and the OVA+Fish group 
decreased significantly, while the relative abundance of 
Lachnoclostridium (P<0.05) increased significantly. 
Compared with the OVA group, the relative abundance 

Table 1 Comparison of Bacterial Communities’ Diversity in the 
Murine Colon Among Four Groupsa

Sample ID Valid 
Sequences

Similarity Score≥0.97

OTU Chao-1 Shannon

PBS 1 28,399 327 408.42 4.46
PBS 2 42,710 373 465.63 4.76

PBS 3 22,337 329 454.28 4.62

OVA 1 80,606 594 722.33 6.41
OVA 2 97,557 589 750.62 6.03

OVA 3 79,638 597 778.06 6.47

OVA+Lamb 1 40,772 393 594.81 6.50
OVA+Lamb 2 78,561 356 476.07 5.95

OVA+Lamb 3 105,402 437 433.17 5.92

OVA+Fish 1 178,645 478 630.94 6.69
OVA+Fish 2 70,255 570 745.20 6.30

OVA+Fish 3 116,598 630 844.93 6.36

Note: aSequences with similarity scores greater than or equal to 0.97 were 
clustered into an OTU.

Figure 3 Effect of lamb and fish on the intestinal microbiota of mice. (A) Comparison of alpha diversity of Chao index, observed species, PD whole tree, and Shannon’s 
index among four groups. (B) Principal Component Analysis (PCA) of mice with ANOSIM analysis. Compared with the PBS group, ##P <0.01 #P <0.05; compared with the 
OVA group, **P <0.01. n = 3 per group.
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of Lachnospiraceae_NK4A136_group from the OVA 
+Lamb group increased significantly (P<0.01) while the 
relative abundance of Alistipes showed remarkable 
enhancement in both the OVA+Lamb group (P<0.01) and 
OVA+Fish group (P<0.01) (Figure 4B). Therefore, the 
flora in the top twelve relative abundances was listed in 
the Figure 4C, considering a vast difference in the relative 
abundance of the genus levels among the four groups.

Analysis of Intestinal Flora LEFSe
We further used linear discriminant analysis effect size 
(LEFSe) to explore the crucial flora associated with 
asthma and lamb or fish treatment. The cladogram in 
Figure 5A showed the core bacterial species with remark-
able differences at all levels. The bacterial members with 
significantly high abundance mainly belonged to the 
Bacillaceae in the PBS group. In the OVA group, there 
were two families with a significantly greater population, 
Bacteroidales_S24_7_group and Carnobacteriaceae. After 
Lamb+OVA treatment, the relative abundance of the 

bacterial taxa with a significantly greater population was 
Lachnospiraceae, Ruminococcaceae, Clostridiales and 
Clostridia. There were two families with a significantly 
greater population, Prevotellaceae and Rikenellaceae in 
OVA+Fish group.

The distribution histogram (Figure 5B) indicated that 
three specific taxa existed in the PBS group and influenced 
the bacterial composition. Two specific taxa were found in 
the OVA group, Bacteroidales_S247_group and 
Carnobacteriacear, which influenced the community 
structural composition. Five specific taxa were found 
after OVA+Lamb treatment which influenced microbial 
community structure. In the OVA+Fish group, there were 
six significant taxa found.

The Effect of Lamb and Fish on ILC2 and 
Treg in Asthmatic Mice
Considering the pivotal roles of ILC2 and Tregs in the 
development of asthma, we analyzed the proportion of 
ILC2 and Tregs in the lung and small intestine. Gating 

Figure 4 Effect of lamb and fish on the taxa abundance of intestinal flora in mice. (A) The relative abundance of the phylum level. (B) The relative abundance of genus level. 
(C) Top 12 relative bacterial abundance of four groups at the genus level. All data were expressed as mean ± SEM. Compared with the PBS group ##P <0.01 #P <0.05; 
compared with the OVA group, **P <0.01 *P <0.05. n= 3 per group.
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strategy for ILC2 and Tregs are shown in Figure 6A and B. 
Though ILC2 only accounts for a small part of CD45+ cells 
in the lung, the proportion of ILC2 in the OVA group 
increased, compared with the PBS group (P<0.05). 
However, these two trigger foods did not change the propor-
tion of lung ILC2 in asthmatic mice. There was no significant 
difference in the proportion of ILC2 from the small intestine 
between the PBS group and the OVA group, but there existed 
a significant increase in OVA+Lamb group (P<0.05) (Figure 
6C). These suggested that oral lamb treatment in asthmatic 
mice probably changed the gut microbial community and 
induced intestinal ILC2 expansion.

What’s more, there existed a significant reduction in 
the proportion of Treg in the lung from the OVA group 

compared with the PBS group, while lamb treatment exa-
cerbated this decrease (P<0.05) (Figure 6D). There was no 
significant difference in intestinal Tregs between the PBS 
group and the OVA group. However, fish treatment ren-
dered the noticeable lowering in asthmatic mice (P<0.05) 
(Figure 6D). Considering the immune inhibition of Tregs, 
these results further approved that aggravation of oral 
lamb on pulmonary inflammation might be executed by 
circulating inflammatory cytokines, not by immune cells’ 
trafficking.

Discussion
Diet is an integral part of treatment and plays a vital role in 
improving the life quality of patients. Our investigation 

Figure 5 LEFSe analysis of mouse intestinal flora among four groups. (A) Cladogram of each group. (B) LDA values of each group. The LDA significant threshold was 4.0. 
Blue, green, purple, and red represented PBS, OVA, OVA+Lamb and OVA+Fish, respectively. n = 3 per group.
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demonstrates the effects of two typical foods on asthmatic 
mice. It shows that both lamb meat and Basa fish can 
aggravate pulmonary inflammation of asthmatic mice, but 
the impact of lamb on asthma is more apparent. Lamb and 
fish worsened the pathological inflammatory cell exuda-
tion and mucus distribution in asthmatic mice. The rise of 
IL-5 and IL-13 can also confirm this point.

Andrianasolo found that consumption of highly processed 
meat was positively correlated with the severity of asthma 
symptoms.31 A Japanese survey of 1673 residents showed 
that fish intake was positively correlated with asthma risk.32 

Furthermore, it is shown that the main components of lamb 
were 20.33% protein and 12.41% fat (FoodData Central, FDC 
ID: 172617), and 16.2% protein and 2.8% fat for catfish 
(FoodData Central, FDC ID: 473858).33 Fatty acids from 
lamb meat were mainly oleic acid and palmitic acid,34 

a prospective study through 420 patients hosted by European 

Prospective Investigation into Cancer and Nutrition (EPIC) 
found that high intake of oleic acid and asthma were positively 
correlated,35 which could be a reason why the effect of lamb 
on asthmatic mice is more significant than fish.

It is worth noting that some scientists believe that n-3 
and n-6 fatty acids, which are rich in fish, have 
a preventive effect on asthma.36,37 But there is no direct 
evidence of the impact of these fatty acids on asthma. We 
used the OVA-induced asthmatic model to find that con-
sumption of large doses of Basa fish for 27 days aggra-
vated the inflammation of asthmatic mice. Besides, some 
researchers have found that 28 days of high-fat diet will 
increase the LPS content in the blood by 2–3 times.38 And 
the increase of LPS in the blood can enhance the systemic 
inflammatory reaction.39 Therefore, we believe that there 
is a specific relationship between fish intake and its effect 
on asthma.

Figure 6 Effect of lamb and fish on ILC2 and Treg. (A) The gating strategy of ILC2. Lin-CD45+CD90.2+KLRG1+ cells were considered as ILC2. (B) The gating strategy of 
Treg. Treg was indicated as CD3+CD4+CD25+Foxp3+. (C) The proportions of KLRG1+ ILC2 among CD45+ cells in the lungs and small intestines. (D) The proportions of 
Treg among CD4+ cells in the lungs and small intestines. All data were expressed as mean ± SEM. Compared with the PBS group, ## P <0.01 # P <0.05; compared with the 
OVA group, *P <0.05. n= 3.
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The study of the interaction between asthma and intest-
inal flora is a trend that has attracted increasing attention in 
asthma research, including curing asthma through taking 
probiotics such as Bifidobacteria and Lactobacilli.40,41 It 
was found that the consumption of lamb had a more con-
siderable influence on the intestinal flora than that of fish 
in asthmatic mice. Chao-1 and Shannon index were essen-
tial indicators of abundance and diversity of gut micro-
biota, respectively. The Chao-1 index in the OVA+Lamb 
group changes significantly compared with the OVA 
group, while the change of Shannon was not noticeable. 
It indicates that the abundance of particular flora in the 
OVA+Lamb group changed significantly, which could be 
the mechanism of lambs to aggravate inflammation. 
Therefore, we further analyzed the relative abundance of 
intestinal flora and found that Alistipes in OVA+Lamb and 
OVA+Fish groups increased significantly. Alistipes is the 
dominant richness bacteria in IL-10 mediated enteritis, 
which can lead to an imbalance of the intestinal state.42 

Meanwhile, it is found that Lactobacillus in OVA, OVA+ 
Lamb, and OVA+ Fish groups are all decreased, which is 
consistent with the reports of the treatment effect of 
Lactobacillus.18 And researchers found that Lactobacillus 
feeding can lead to a decrease in Alistipes abundance.43 

This indicates that Lactobacillus may have a mechanism 
of inhibiting Alistipes, and the reduction of Lactobacillus 
will lead to the increase of Alistipes abundance, which is 
consistent with the decrease of Lactobacillus and the rise 
of Alistipes in OVA+Lamb and OVA+Fish group. At the 
same time, we use LEFSe analysis to find that 
Lachnospiraceae and Ruminococcaceae are the main 
changing factors in the OVA+Lamb group. 
Lachnospiraceae and Ruminococcaceae are the two rich-
est families in Clostridia found in the mammalian intest-
inal environment, which were reported to degrade 
indigestible fibers to produce SCFA, thereby maintaining 
intestinal health.44 Lachnospiraceae can convert lactic 
acid or acetic acid into butyric acid under the action of 
CoA, thus relieving visceral hypersensitivity.45 

Nevertheless, higher abundance of Lachnospiraceae and 
Ruminococcaceae was also reported to drive a discrete 
intestinal microbial signature in patients of ankylosing 
spondylitis.46 What’s more, some researchers have found 
that a long-term diet will divide the intestinal flora into 
three bacteria-dominated enterotypes, while Ruminococcus 
is one of the dominant bacteria.47 The long-term consump-
tion of lamb and fish to mice may lead to the change of 
enterotype, which probably tends to impact intestinal 

homeostasis negatively. Therefore, whether these two gen-
era benefit or do harm to human health needs more evi-
dences to explore.

Finally, both ILC2 and Treg play an essential role in 
maintaining the homeostasis of the intestinal flora. We 
found that lambs affect the differentiation of Treg in the 
lungs and ILC2 in the small intestine, while fish can affect 
the differentiation of Treg in the small intestine. ILC2 is 
the primary producer of IL-10 in the gut,48 and Alistipes 
mentioned above can obviously proliferate in IL-10 
mediated enteritis.42 In OVA+Lamb groups, both intestinal 
ILC2 and Alistipes increased, suggesting that they may 
have synergies in the intestinal burden. ILC2 can inhibit 
Treg activation through ICOS/ICOS ligand, which contri-
butes to airway hyperresponsiveness.49 In our study, the 
lung ILC2 of the model group increased significantly, and 
the Treg decreased significantly, which may be the result 
of the interaction between ILC2 and Treg.

In brief, our study indicates that long-term diet of lamb 
meat or Basa fish can aggravate pulmonary inflammation 
and shape the gut microbial communities in asthmatic 
mice, especially lamb meat. Besides, ILC2 and Treg prob-
ably contribute to this exacerbation. How gut microbiota 
crosstalk with these ILC2 and Treg in asthmatic mice 
needs to be further investigated.
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