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ABSTRACT

Aims: Villous length, villous area, villous separation, villous tortuosity and crypt depth were evaluated in thejejunal mucosa of HIV positive
cases with chronic diarrhea and correlated with controls and CD4 counts.

Methods: Endoscopic biopsies of jejunal mucosa from 30 confirmed HIV positive cases with enteropathy and 21 HIV negative controls were
used. Villous parameters were assessed by computerized digital image morphometry on hematoxylin-eosin-stained histological sections.

Results: There were no significant differences in the mean villous length(p=0.9858, case:269um, control:270um) and villous area (p=0.0610,
cases:30905um2, controls:25864pum2)between cases and controls. The mean villous separation (cases:188um, controls:139um) and crypt
depth (cases:237pm, control:193um) were significantly larger and mean villous tortuosity was significantly lower (cases:3.04, controls:3.92)
in cases. In HIV cases, CD4 counts showed negative correlation with crypt depth (r=-0.524), villous area (r=-0.228), villous separation (r=-
0.276) and positive correlation with villous tortuosity (r=0.297) in contrast to villous length (r=-0.012).

Conclusion: Villous tortuosity was significantly reduced in the HIV cases; unlike villous length and villous area. Due to larger villous
separation in HIV cases, villous surface area is likely to be lowered and hampered nutrient absorption. Crypt depth increased significantly in
HIV positive cases and exhibited the best correlation with CD4 counts.
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Introduction

Chronic diarrhea, malabsorption and weight loss are
frequently observed in the human immunodeficiency
virus (HIV) positive/AIDS cases!'*!. Several pathogenic
mechanisms have been identified or hypothesized as
causing diarrhea in HIV-infected individuals, including
decreased mucosal surface area, altered secretion of
inflammatory mediators, destruction of intestinal mucosa
and opportunistic infections due to the lack of an immune
reaction**. A reduction in villous surface area and increase
in crypt length in HIV infected patients had been reported
by few studies using image morphometry®”. Evaluation of
villous features is vital to assess the severity of modification
of villous structure in enteropathy cases and to evaluate
the effectiveness of a therapy®™'®. Both histological
changes and clinical symptoms in HIV infected patients
can be resolved by highly active antiretroviral therapy
(HAART)B!. A recent study confirmed on the assessment
of histological sections, that the crypt structure in HIV
cases can be restored by HAART®. So morphometric
evaluation of the intestinal mucosa will help in quantifying
the histological changes in HIV infected patients with
gastrointestinal (GI) symptoms.

In this study we attempted an objective evaluation of
the characteristics of intestinal villi in HIV positive
cases presenting with enteropathy using morphometric
techniques on hematoxylin & eosin (H&E) stained
sections. We studied morphometric parameters i.c.,
villous length, villous area, villous separation, villous
tortuosity and crypt depth in jejunal mucosa of HIV
patients with enteropathy and compared with the HIV
negative controls. Correlations of evaluated morphometric
parameters with CD4 counts in peripheral blood taken at
the time of biopsy for all cases were also studied. We were
unable to find any previous reports of such an objective
evaluation in Indian scenario. Though number of HIV
patients presenting GI symptoms has decreased in develop
countries, in our country patients continue to present with
diarrhea. Therefore, study of changes in jejunal mucosa by
morphometry as an adjunct to histology helps in evaluation
and better planning of therapy.

Methods

Thirty confirmed HIV positive cases who presented with
chronic diarrhea, malabsorption and weight loss being
managed at this tertiary care institute during 2013 to 2014
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were included in this study. Endoscopic biopsies ofjejunal
mucosa were received for histopathological examination
of these cases. Patients, in whom upper gastrointestinal
endoscopy was contraindicated and age less than 18
years were excluded from this study. The status of the
opportunistic infections in the cases was not investigated
in this study. Permission from Institutional Ethical
Committee was obtained for this study (Oct 2012). Twenty
one numbers of endoscopic biopsies of intestinal mucosa
done for other GI symptoms with unknown HIV status
received at this centre and had showed normal histology
were used as controls.

Histopathological Examination and Villous
Morphometry: H&E stained histological sections of 5
micron thickness of formalin fixed paraffin embedded
tissue of jejunal mucosa were analyzed. Morphometric
analysis was performed by using a computerized digital
photomicrograph system (Dewinter Optical Inc. with Digi
Eye 330 digital photomicrography camera and Biowizard
4.2 Image analysis software). The measuring scale of
the image analysis software was properly calibrated. For
each sample at least five fields at 100X magnification,
having optimal villous details, were recorded for the
study[Figure.1A-C]. For each case, at least 15 villi and
crypts were assessed. We evaluated villous length and
villous area for each villus, crypt length for each well
oriented crypt, villous tortuosity in each captured field and
villous separation between the each pair of adjacent villi
for every sample. The definitions of these parameters are
depicted schematically in Figure2. The length of the line
traced through the middle of the villus from the crest to the
midpoint of its base line was considered as villous length.
The area within the villous outer boundary and base line
was considered as villous area. Linear distance between
the midpoints of the base lines of two adjacent villi was
considered as villous separation. Ratio of the total length
of outer boundary of well defined villi to the total length of
base lines of the villi in a field was considered as villous
tortuosity; and an average of all five fields was calculated.
All these measurements were carried out using the image
analysis software.

Statistical Analysis: SPSS17.0 (Statistical Package
for Social Sciences) software programme was used in
statistical analysis. Mean values with standard deviation
(SD) for each sample of all studied parameters were
calculated. Mean values of each parameter was considered
as the parameter of the sample. The mean values with SD
and range of these parameters were evaluated for both cases
and controls. Unpaired Student’s t-test was performed

and ‘p’ values were calculated to evaluate significance
in difference between the cases and the controls. The
Pearson correlation coefficients ‘r’ for all pairs of studied
parameters for the cases and controls were calculated.

Results

The mean age at the time of biopsy for the cases was 39
years (range:26 - 53 years) and comprised of 19 males and
11 females; the mean age for the controls was 42 years
(range:18 - 68years) and comprised of 11 males and 10
females. At the time of biopsy, average duration of HIV
infection for the cases was 4.5 years (range: 0 - 15 years)
and average duration of antiretroviral therapy (ART) was
2.1 years(range: 0-9 years).H&E stained histological
sections with villous atrophy and normal villous found in
HIV positive cases are shown in Figl A& B respectively;
FiglCshows mucosa inHIV negative controls. On
examination of H& E sections, villous atrophy of varying
degrees was found in most of theHIV positive cases. Few
cases showed almost normal villi with mild inflammatory
infiltrate; while some showed mild abnormalities. The
enterocytes were normal; mild increase in lymphocytic
inflammatory infiltrate in the lamina propria was seen in
some of the cases. No granulomas, dysplasia or evidence
of malignancy were found.

Evaluated morphometric parameters of the cases and
controls are shown inFigure3(A-E). These figures represent
the box plots of villous length, villous area, villous
separation, villous tortuosity and crypt depth for the both
groups. The mean values of the studied parameters with
standard deviation (SD) and range for cases and controls
are presented in the table 1. The p values to predict the
difference of each pair of these two groups for all the
parameters are also presented in this table. There was no
significant difference in the villous length between HIV
cases and controls (p=0.9858). Though, the mean villous
area in cases (30905 pm?) was higher than the controls
(25864 um?), the difference was not statistically significant
(p=0.0610). The mean villous separation in cases (188 um)
was significantly higher than the controls (139 pm).The
mean villous tortuosity in cases (3.04) was significantly
lower than the controls (3.92). The mean crypt depth in
cases (237um) was significantly greater than the controls
(193um).

Correlation of Studied Parameters

HIV cases: Pearson correlation coefficients between each
pair of studied parameters analyzed for 30 HIV positive
cases are shown in the Table2. Crypt depth showed
significant positive correlation with villous length(r=0.504)
and villous area(r=0.588). Villous length showed strong
positive correlation with villous area(r=0.710) and villous
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tortuosity showed significant negative correlation with
villous separation (r = -0.478).

Controls: Pearson correlation coefficients between each
pair of studied parameters analyzed for 21 HIV negative
controls are shown in the Table3. Crypt depth showed mild
negative correlation with villous length(r=-0.386); did
not show meaningful correlation with other parameters.
Villous length showed significant positive correlations
with villous area(r=0.682) and villous tortuosity (r=0.455).
Villous separation showed significant positive correlation
with villous area(r=0.526) and negative correlation with
villous tortuosity (r=-0.482).

Correlation of CD4 Counts with Morphometric
Parameters: The mean value of CD4 counts of the cases
was 333 mm? (range: 24-1048 mm?). Scatter plots of
villous length, villous area, villous separation, villous
tortuosity and crypt depth versus CD4 counts for the all
HIV positive cases with linear regressions are presented
in Figure4(A-E). CD4 counts showed weak negative
correlation with villous area (r=-0.228), mild negative
correlation with villous separation (r=-0.275), moderate
negative correlation with crypt depth (r=-0.524) and mild
positive correlation with villous tortuosity (r=0.295).
Whereas, villous length (r =-0.012) showed no meaningful
correlation with CD4 counts.

Table: 1 Mean values with SD and range of the studied parameters of 30 cases and 21 controls with p values.

1 Villous length (um) ( 1286(? _i;;%) ( 12775_’54%%) 0.9858
T R T
3 Villous separation (um) ( 11 ez ) (;29_11 ;g) <0.0001*
4 Villous tortuosity (23f'2°;f03'f1;0) (g:gg * g%) <0.0001*
5 Crypt depth(um) ( 1233;_1247%) ( 113?:_*23;%) 0.0004*
6 CD4 counts (mm?3) ?;j_foig Not available )
Results are expressed as: Mean value + SD(Minimum — Maximum), *- difference is significant

Table2: Correlations between each pair of studied parameters: 30 HIV positive cases.

Crypt depth 1.000

Villous length 0.504** 1.000

Villous area 0.588** 0.710** 1.000

Villous separation 0.275 0.194 0.327 1.000

Villous tortuosity -0.279 -0.010 0.105 -0.478** 1.000

CD4 Counts - 0.524** -0.012 -0.228 -0.276 0.297 1.000
2-tailed Pearson ‘r’. *p<0.05, **p<0.01.

Table3:Correlations between each pair of measured parameters: 21 HIV negative controls.

Crypt depth 1.000

Villous length -0.386 1.000

Villous area -0.048 0.682" 1.000

Villous separation 0.161 0.132 0.526" 1.000

Villous tortuosity -0.017 0.455 0.184 -0.482" 1.000

2-tailed Pearson ‘r’. *p<0.05, **p<0.01.
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Fig. 1(A-C): Images of H&E stained histological sections used for morphometric evaluation of parameters:(A)villous atrophy
and (B) almost normal villusin HIV infected cases; and (C) HIV negative control. Original magnification is 100X and the scale

put in the images.

Length of BD, EG, HJ => Villous length
Area of ABCDA,CEFGC, FHIJF => Villous area
Linear distance DG, GJ => Villous separation

ABC + CEF + FHI
AC +CF +FI

Linear distance CK, FL, IM =>Crypt depth

Villous tortuosity =

Fig. 2: Measurement scheme of studied parameters: villous length, villous area, villous separation, villous tortuosity and
crypt depth.
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Fig. 3(A-E): Box plots of cases and controls with p value of t-test between them for: (A) villous length, (B) villous area, (C)
villous separation, (D) villous tortuosity and (E) crypt depth.
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Fig. 4(A-E): Scatter plots of CD4 count with (A) villous length, (B) villous area, (C) villous separation, (D) villous tortuosity
and (E) crypt depth of the 30 HIV positive cases. Linear regression between these parameters and CD4 count are shown by
the solid linesand Pearson correlation coefficient ‘r’ were shown in respective plot.
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Discussion

Histological changes of the gastrointestinal mucosa and
opportunistic infections due to the decrease of immunity
are commonly observed in HIV positive cases !
Increased levels of inflammation and decreased levels of
mucosal repair and regeneration have been seen in
enteropathy with HIV infection!”). Reduction of villous
surface area and increased crypt depth with less mitotic
figures was observed in HIV patients with gastrointestinal
complaints compared to the controls by Ullrich et al®.
Batman et al reported that infection of cells in the lamina
propria of the jejunum stimulates an increase in crypt
length and a fall in villous surface area in HIV patients!®’.
Villous atrophy and flatness indicates reduction of villous
surface area in the intestine, through which nutrients are
absorbed. This reduction of villous surface area decreases
transportation rate of nutrients through the villi which may
leads to malabsorption and weight loss. A quantitative
assessment of the villi and crypts and their comparison
with suitable controls gives a greater perception about
such disease conditions. Correlations of these parameters
with CD4 counts provide important information about
disease progression. Many researchers have studied the
histological changes in villous structure in cases of HIV
with enteropathy; however few quantitative studies using
image morphometry on villous alterations have been
reported® . Morphometry is a useful tool to assess the
effectiveness of a treatment by quantifying histological
abnormalities in enteropathy [ 16,

Significant increase in crypt depth was found inthe HIV
positive cases compared to the controls in our study; like
previous research Bl No significant difference of mean
villous length was found between HIV infected cases and
controls in our study. We also observed that, crypt depth
showed positive correlation with villous length in HIV
positive cases; but negative correlation in controls.

The villous area is related to its volume in three dimensional
scenarios; though its mean value was larger in cases than
the controls, but difference was not significant. Kelly et
al also reported that mean villous area, which was called
villous compartmental volume by them, were 16659 um?
in HIV seronegative controls, 16733 pm? and 18195 pm?
in HIV seropositive cases with CD4 count >200mm~
and <200mmrespectively, and the differences were not
significant [13]. Though our findings in this respect were
similar to their study, the size of the villous found by us was
larger for studied samples. The disparity might arise due to
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the geographical variation of populations or difference in
choosing the region/criteria of villi for size evaluation or
measurement techniques.

The inverse of villous separation gives a measure of villous
concentration. In HIV cases the mean of villous separation
was found significantly larger than the controls. This
translates that the villous concentration decreases in such
cases. Decrease in repair and regenerating ability of villous
in such condition leads to the lower villous concentration.

In our study we defined a parameter named villous tortuosity,
which was the ratio of total length of outer boundary of
well defined villi to the total length of base lines of the
villi in a field. Villous tortuosity is related to the villous
surface area per unit area of mascularis mucosa in three
dimensional scenario. Higher villous tortuosity is likely to
have more villous surface area in intestine. In this study
we found that mean villous tortuosity was significantly
reduced in the HIV cases than the controls. Hence, total
villous surface area is to be expected to decrease in HIV
cases, which contributes towards the reduction of rate of
diffusion of nutrients through the intestine and leads to
malabsorption. Kelly et al also reported that mean value
of epithelial surface area was larger in HIV seronegative
controls than the HIV positive cases!'!.

Peripheral blood CD4 counts have been used for monitoring
HIV patients and deciding antimicrobial prophylaxis and
antiretroviral therapy!''8l. HIV infection leads to loss
of CD4 T-cells and the risk of complications, especially
potentially lethal opportunistic infections increase with the
decline of this count ["*'*LIn our study, we found that the
meanCD4 count was 333 mm™ (median 311 mm)in the
HIV cases and correlated CD4 count with the evaluated
villous morphometric parameters. CD4 counts in controls
of our study were not recorded. We found that villous length
did not show any meaning full correlation with the CD4
counts. Villous area showed a weak negative correlation
with the CD4 counts; i.e. possibility of finding a larger
villous is slightly more when CD4 counts decrease. This
result supported the finding of larger mean villous area in
cases than in the controls.

Villous separation showed mild negative correlation with
the CD4 counts. It suggests that the villi are far from each
other and have lower villous density when CD4 count
decreases. Similarly, villous tortuosity demonstrated
mild positive correlation with the CD4 counts. It hints
that the villous surface area, through which nutrients
are transported, increases with the enhancement of CD4
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counts. Crypt depth, which is related to crypt hyperplasia,
showed moderate negative correlation with the CD4 counts.
It suggests that the crypt hyperplasia may be resolved with
improvingCD4 counts.

A recent study has showed that using HAART treatment
in HIV patient was able to restore the crypt structure!®.
In this study we observed that, the differences of villous
structure and crypt depth in HIV cases in comparison to
controls increase with decline of CD4 counts. Among the
all morphometric parameters, crypt depth showed the best
correlation with the CD4 counts. Small sample size and
unknown HIV status of the controls were the limitations
of this study.

Conclusion

Quantitative assessments of crypts and villi provide a
greater understanding about disease progression and
patients’ outcome in cases of HIV with enteropathy.
Crypt depth increased significantly in HIV cases and
showed negative correlation with CD4 counts. Villous
separation was significantly larger and villous tortuosity
was significantly smaller in HIV cases than the controls.
Villous tortuosity showed weak positive correlation
with villous length and moderate negative correlation
villous separation. Villous area showed weak and villous
separation showed mild negative correlations of CD4
counts of HIV cases. Crypt depth and villous tortuosity
are better parameters for the morphometric assessment of
enteropathy in HIV positive cases.
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