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Abstract: We previously reported in humans a novel histologic phenotype of non-gastro-esophageal reflux disease 
called lymphocytic esophagitis. In this work, the esophagi of 121 non-human primates (103 baboons and 18 
macaques) were investigated. 45 baboons (43.7%) and 9 macaques (50%) had lymphocytic esophagitis. The 
lymphocytic infiltration in the squamous epithelium involved not only papillary but also inter-papillary fields. 
Microscopic examination around the papillae revealed a mean of 52 intraepithelial lymphocytes (IELs) per high 
power field. Of the remaining baboons, 29 had reflux esophagitis (GERD). Among them, 25 (24.3%) 2 (1.9%) and 
2 (1.9%) had grade1, 2 and 3 esophagitis, respectively. Of the remaining macaques, 4 had GERD: 1 (5.5%) with 
grade 1 and 3 (16.7%) with grade 2 esophagitis. None of the macaques had grade 3 esophagitis. The IEL 
population in lymphocytic esophagitis was composed of T cells, a subset of natural killer cells and of helper and 
inflammatory T cells. This investigation in non-human primates substantiates the identity of lymphocytic 
esophagitis as a subset of chronic esophagitis, as well as of reflux esophagitis. The antigenic agent(s) responsible 
for the marked immunological reaction in lymphocytic esophagitis in non-human primates (and in humans) 
remains unknown.  
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Introduction  
 
A multilayer of non-keratinized stratified 
squamous cells lines the mucosa of the 
esophagus. This layer protects the underlying 
tissues from noxious agents and irritants 
contained in passing solids and fluids [1]. The 
microenvironment on its surface is protected 
by the alkaline pH from both the saliva and the 
secretions of the esophageal glands. It is, 
therefore, not surprising that low pH gastric 
juices refluxed into its lumen provide a major 
insult to the esophageal epithelium. This 
primary gastro-esophageal reflux (GER) [2], if 
persistent, may severely alter the homeostasis 
of the esophageal microenvironment leading 
to mucosal inflammation followed in severe 
cases by ulceration and the replacement of 
deeper layers by fibrotic tissue [3]. The 
sequence of those events is known as gastro-
esophageal reflux disease (GERD) [4].  
 
Inflammatory changes in the esophagus may 
also be induced by other external factors such 

as fungi (candida albicans), bacteria, viruses, 
radiation, caustic substances, corticosteroid or 
antibiotic therapy or by diseases such as 
diabetes, and general debilitation [2, 5]. Acid 
reflux from the stomach, however, is by far the 
most common cause for this condition. The 
histological changes taking place in the 
squamous epithelium of the esophagus in 
cases with reflux esophagitis have been 
described by Ismail-Beiji and Pope [5]. Similar 
histological changes were recently found in 8 
baboons having reflux esophagitis [6]. 
 
In our previous study, while reviewing the 
histology of the stomach in baboons [7], we 
noticed in one of them that the esophageal 
epithelium was infiltrated by a large number of 
lymphocytes but not by granulocytes. Looking 
for similar changes in the human esophagus, 
we recently described lymphocytic esophagitis 
in the esophageal biopsies of 20 patients 
without GERD [8].  
 
In the present work, we reviewed the esophagi 
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in 121 non-human primates (NHPs) to assess 
the frequency of lymphocytic esophagitis and 
of reflux esophagitis in those animals. 
 
Material and Methods 
 
Of the 121 esophagi (sampled at autopsy) 
collected in NHPs, 103 were from olive or 
olive/yellow hybrid baboons (Papio hamadryas 

anubis, P. h. cynocephalus) and the remaining 
18 from macaques (Macaca fasciculata).  
 
The NHPs were members of colonies at the 
Southwest National Primate Research Center, 
Southwest Foundation for Biomedical 
Research. The conditions of animal housing 
have been reported elsewhere [6]. Briefly the 
NHPs were housed in metal and concrete

 
 

 
 

 
 
Figure 1  A. Normal squamous epithelium of the esophagus in a baboon (H&E, original magnification 20x). B and 
C. Lymphocytic esophagitis in baboons showing infiltration of the squamous epithelium of the esophagus around 
the papillae by a high numbers of lymphocytes as well as chronic inflammation in the lamina propria (H&E, 
original magnification 20x). D. Grade 1 reflux esophagitis in a baboon (D) with tall papillae and basal-cell 
proliferation and few intraepithelial lymphocytes. Chronic inflammation in the lamina propria is also seen (H&E, 
original magnification 10x). Grade 2 reflux esophagitis in a baboon (E) with intraepithelial granulocytes and 
chronic inflammation in the lamina propria (H&E, original magnification 20x). Grade 3 reflux esophagitis in a 
baboon (F) with mucosal ulceration and severe chronic inflammation in the lamina propria (H&E, original 
magnification 20x). 
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indoor-outdoor cages and were fed 
commercial monkey diets occasionally 
supplemented with a variety of fruit and 
vegetables. Water was available ad libitum.   
 
NHPs were euthanized with a commercial 
barbiturate agent, because of non-
gastrointestinal diseases or natural causes 
such as old age. All procedures were done in 
accordance with the Institutional Animal Care 
and Use Committee guidelines.  
 
At necropsy, longitudinal tissue samples from 
the esophagus were fixed in 10% neutral 
buffered formalin, processed conventionally, 
embedded in paraffin, cut at 5 µm, stained 
with hematoxylin and eosin (H&E), and 
evaluated by light microscopy.  
 
In addition, immunohistochemistry was done 
in 4 animals with lymphocytic esophagitis 
using CD3 (dilution 1:400, Neo Markers, Inc, 
Freemont, CA, USA) to label T lymphocytes, 
CD2 (dilution 1:60, Thermo Fisher Scientific, 
Freemont, CA, USA) to label T cells and a 
subset of natural killer cells and CD4 (dilution 
1:20, Novocastra, New Castle u. Tyne, UK) to 
label helper and inflammatory T cells. 
 
Lymphocytic esophagitis is characterized by a 
high number of intraepithelial lymphocytes 
(IELs) in the epithelium around the papillae 
(which is centred by a papillary vessel) and in 
the epithelium between the papillary folds. 
There is absence of granulocytic (neutrophils 
and/or eosinophils) infiltration [8]. The 
papillary folds are usually taller than normal 
but lacked the basal cell hyperplasia seen in 
reflux esophagitis [5]. Counting of IELs was 
performed at 20x in the most affected 
epithelial areas, without knowledge of the 
clinical chart including symptoms, in the 121 
primates. 
 
According to Ismail-Beiji and Pope [5], reflux 
esophagitis or gastro-esophageal reflux 
disease (GERD) can be divided into 3 distinct 
histological subgroups in human. Grade 1 
GERD is characterized by basal cell 
hyperplasia and abnormally tall (i.e. deep) 
papillae, while grade 2 reflux esophagitis is 
characterized by intraepithelial granulocytic 
infiltration, namely neutrophils, and/or 
eosinophils in addition to those seen grade 1. 
If the insulting factor persists or is strong, the 
epithelium becomes gradually eroded or 
ulcerated, hence grade 3 GERD. In our 

previous publication [2], similar criteria were 
applied and used to classify and grade cases 
with GERD in baboons.  
 
Results 
 
Figure 1 shows the histological differences 
between the normal esophagus, lymphocytic 
esophagitis and reflux esophagitis in baboons 
and in macaques.  
 
Of the 121 consecutive esophagi examined 49 
(40.5%) had lymphocytic esophagitis. Among 
those, 45 were from baboons (43.7%) and 9 
were from macaques (50%). There was no 
difference between these two species.  
 
In lymphocytic esophagitis, a mean of 52 IELs 
per high power field (range from 38 to 58) 
were found in the squamous epithelium 
around the papillae. The lymphocytic 
infiltration was also seen in the epithelium 
between papillary folds (Figure 1C). The IELs 
were predominantly T cells with a T-helper 
phenotype (Figure 2).  
 
33 esophagi examined had reflux esophagitis. 
Reflux esophagitis was present in 28.2% 
(n=29) of the 103 baboons, and in 22.2% 
(n=4) of the 18 macaques. There was no 
difference between these two species.  
 
In the 103 baboons, grade 1, 2 and 3 reflux 
esophagitis was present in 24.3% (n=25), 
1.9% (n=2) and 1.9% (n=2) of the cases. In the 
18 macaques, grade 1 reflux esophagitis was 
seen in 5.6% (n=1) and grade 2 reflux in 
16.7% (n=3) of the cases. None of the 
macaques had grade 3 reflux esophagitis.  
 
Discussion 
 
This study showed that more than two thirds 
(67.8%) or 82 of the 121 esophagi examined 
in NHPs died of reasons other than 
gastrointestinal symptoms had either 
lymphocytic or reflux esophagitis. Lymphocytic 
esophagitis was much more frequent in 
baboons (43.7%) and in macaques (50.0%) 
than reflux esophagitis in the same animals 
(28.2% and 22.2%, respectively). Interestingly, 
whereas reflux esophagitis grade 1 was more 
common in baboons (24.3%) than in 
macaques (5.6%), reflux esophagitis grade 2 
was more common in macaques (16.7%) than 
in baboons (1.9%). The cause for this 
difference remains unclear. 
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Figure 2 Immunostains for CD2 (A, 10x), CD3 (B, 
10x) and CD4 (C, 20x) showing lymphocytic 
esophagitis with predominantly intraepithelial T cell 
infiltration.  

 
In some animals with lymphocytic gastritis, the 
IELs were found exclusively in the epithelium 
around the papillae (centred by a papillary 
vessel) and in others both in the epithelium 
around the papillae and in the epithelium 
between the papillary folds. After crossing 
through the papillary vessel, IELs apparently 
spread laterally within the squamous 
epithelium.  
 
The number and distribution of IELs in 
lymphocytic esophagitis in NHPs (as well as in 
humans [8]) contrasts with the number and 

distribution of IELs in reflux esophagitis [5, 6]. 
In fact in reflux esophagitis the number of IELs 
is not only much lower than in lymphocytic 
esophagitis [8] but the number of IELs 
between the papillary folds surpass that seen 
in the squamous epithelium surrounding the 
papillae. These findings suggest that in reflux 
esophagitis, the bulk of the IELs might have 
traversed the basement membrane between 
the papillary folds of the squamous epithelium 
[8]. 
 
The main criteria for diagnosing lymphocytic 
esophagitis were the presence of a high 
number of IELs and the absence of 
granulocytes [8]. In contrast, in grade 2 and 3 
reflux esophagitis, many intraepithelial 
granulocytes (neutrophils and/or eosinophils) 
were seen within the epithelium [3].  
 
In lymphocytic esophagitis, IEL population was 
composed of mostly T cells, a subset of natural 
killer cells and of helper and inflammatory T 
cells. The antigen(s) responsible for the 
marked immunological reaction in the 
squamous epithelium of the esophagus in 
lymphocytic esophagitis remains unknown. It 
remains also unclear why lymphocytic 
esophagitis is so frequent in our NHPs, and 
less frequent in humans [8].  
 
The findings in this study raise several 
interesting questions. Does the orthostatic 
(postural?) difference between humans and 
primates play a role in the development of 
lymphocytic esophagitis? Does the diet trigger 
or initiate the disease? Are environmental 
factors decisive for the occurrence of the 
disease? Does stress [9] of the animals kept 
in captivity contribute to the development of 
lymphocytic esophagitis in NHPs? One 
possibility to explore the effect of the 
environment in NHPs would be to assess the 
frequency of lymphocytic esophagitis at other 
facilities engaged in primate research. The use 
of different food regimens at other facilities 
would identify whether the diet has any 
bearing in the triggering of lymphocytic 
esophagitis. 
 
In conclusion, this investigation showed that 
not only reflux esophagitis but particularly 
lymphocytic esophagitis occurs in NHPs. The 
findings substantiate the identity of 
lymphocytic esophagitis as a subset of chronic 
esophagitis in human. The antigenic agent(s) 
responsible for this marked immunological 
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reaction in the squamous epithelium of the 
esophagus in non-human primates (and in 
humans) remains to be investigated. 
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