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Abstract

In situ detection of specific cells offers a unique perspective on the spatial interactions between 

host immune cells and specific viral pathogens or cancers. Most immunohistochemistry 

techniques require manual cell counting on biopsied and fixed tissue sections. The availability of 

sophisticated software packages for analyzing fluorescently labeled tissue has made it possible to 

quickly and accurately quantitate the number of positive cells on such slides. Manual cell counting 

was compared to automatic cell counting using the program CellProfiler. The two techniques were 

used to count CD4+ and CD8+ T cells in human genital skin biopsies from herpesvirus type 2 

(HSV-2) infected subjects. Manual counting and CellProfiler demonstrated high correlation both 

in cell counting as well as detection of immune cell “clustering” in tissue, an important visceral 

component of localized inflammation and characteristic of most chronic infections. Overall, 

CellProfiler is an effective and accurate method in addition to or replacement of manual cell 

counting of fluorescently labeled biopsies.
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1. Introduction

The appreciation for and understanding of spatial relationships between host immune cells 

and pathogens or cancers has recently come to the forefront of research [1 2] as the 

infiltration of immune cells to localized tissue plays a significant roll in host-pathogen and 

host-cancer dynamics [3 4]. Manual cell counting, a common method for measuring cell 

population size, is time consuming and subject to interpreter variability. As such, there is a 
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need for reproducible, accurate and quantitative techniques to characterize images, for which 

open source automated platform computer programs are available [5]. We sought to evaluate 

a software program that could reliably count stained cells in genital tissue biopsies of HSV-2 

infected subjects even when clustered together, as focal accumulation of inflammation is a 

characteristic of most chronic viral infections [3 4 6]. The open source program CellProfiler 

has a number of useful features: it does not require programming, allows concurrent 

automated counting of multiple slides, can be configured to output an image indicating 

which cells were counted, and as an open source program is affordable [7]. The goal was to 

determine whether autocounting using CellProfiler produced similar results to manual 

counting by an experienced technologist who previously developed novel techniques for 

detecting several types of immune cells in tissue biopsies using detailed 

immunofluorescence staining.

2. Materials and methods

2.1. Biopsies and staining

Human skin and mucosa tissues were obtained from HSV-2+ volunteers according to study 

protocols and informed consent procedures approved by the Institutional Review Board at 

University of Washington and Fred Hutchison Cancer Research Center [8]. 

Immunofluorescence was performed to identify CD4+ and CD8+ T cells from consecutive 

genital skin biopsies and normal tissue (controls) as previously described [8]. Briefly, biopsy 

samples were obtained longitudinally from patients with genital herpes and stained with 

antibodies specific for CD4 and/or CD8 antigens and detected by Alexa Fluor 488 and/or 

Alexa Fluor 647 conjugated secondary antibodies and were counterstained with DAPI. See 

Table 1 for a description of the 175 samples used in the statistical analysis. Color images 

were acquired using a Tissuefax imaging system (TissueGnostics, Tarzana, CA, USA) at the 

Scientific Imaging Facility at the Fred Hutchison Cancer Research Center [6].

2.2. Manual cell counting

Two technicians independently performed manual counts of the obtained images, which 

were then processed in ImageJ software [9]. Counts were collated with the autocount results 

blindly. Preceding manual counting, images were cropped, scaled to μm and separated by 

color channel, and artifacts were removed. An area tool was used to select the biopsy region 

and calculate the area. Cell numbers were expressed as counts/mm2. The ImageJ cell counter 

tool recorded mouse clicks on cells that were labeled with colored dots. The results were 

saved to a spreadsheet and screen shots were used to record the session.

2.3. Automated cell counting

CellProfiler uses the concept of pipelines that contain configurable modules that are run 

consecutively to complete counting tasks. This study's pipeline used 7 modules described in 

Table 2. Most of the modules have intuitive settings requiring limited additional elaboration. 

The key module was IdentifyPrimaryObjects, which is used for object identification. Before 

formally testing CellProfiler, representative images with different cell densities were 

selected to elucidate the most accurate settings for this module. Settings for minimum and 

maximum cell size were set to 8 and 20 μm. The threshold correction factor, which accounts 
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for the area containing objects, was set to 1.3 μm. The thresholding method Otsu Global in 

three-class mode with middle intensity sent to the background helped avoid counting 

background as cells. CellProfiler has three algorithms for counting cells tightly spaced 

together. The option of saving outlines of counted cells allowed the generation of overlaid 

images from the CD4+ and CD8+ T-cell channels. When slides were single stained, CD4+ 

and CD8+ T cells were counted via the green channel; when double stained, CD4+ T and 

CD8+ T cells were counted in the green and red channels, respectively.

2.4. Statistical Approach

The amount of discrepancy between the measurement techniques was estimated to be 

directly proportional to the value measured by either method. Given two measures X and Y 

resulting from the two different measurement techniques, the ratio X/Y will be within the 

range 1 ± Z%. A straightforward test is to determine whether the slope of a linear regression 

line (β) between the two measures will be within Z% of 1, or equivalently whether the 

correlation coefficient (ρ) between the two measures will be within Z% of 1. These are 

equivalent because β = ρ * σY / σX, and X and Y will have approximately equal variance 

(standard deviation σ). Simulation was performed in R, creating continuous measures with 

known correlation and subsequently using linear regression to compute the proportion of 

times the 95% confidence interval (CI) for the slope was entirely within the range (0.85, 

1.15). When the (CI) for the slope is within this range, any systematic bias must have a 

magnitude of no more than 15% of the actual value. Through these simulations, it was 

demonstrated that with true correlation of 0.93 or higher, 175 samples would be sufficient to 

show, with 80% power, that the correlation is higher than 0.85. Bland-Altman plots were 

used to assess any potential relationship between disagreement between measurement 

methods and the magnitude of response.

3. Results

Counting cells in biopsies presents problems not seen when counting cells on slides or 

plates. Thresholds must be set high enough to avoid autofluorescence when present (Fig 1A 

and B). Very high autofluorescence can preclude autocellcounting. Slices cut from biopsies 

will contain portions of cells adjacent to the main plane of interest. This profile limited 

counting primarily to the main plane by choosing a threshold high enough to exclude 

portions of cells in adjacent planes (Fig 1C and D). Using DAPI signal in addition to signal 

intensity to select cells can be added to profiles, but for images of the size in this data set 

memory errors precluded this approach. The Laplacian of Gaussian with propagate setting 

was the best at delineating separate cells within clumped populations on slides with both 

moderate and dense cell clusters (Fig 1E, F and G, H).

The fluorescent micrographs that were stained for CD4+ and CD8+ T cells (Fig. 2) include 

lesions with high cell numbers and large clusters of cells (Fig. 2B) as well as post lesion 

samples containing decreased lymphocyte infiltration and clustering (Fig. 2A). The ImageJ 

cell counter tool recorded mouse clicks on cells that were labeled with colored dots (Fig. 2C 

and D). Figure 2 panels E and F depict cells counted with the software program CellProfiler.
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As shown using Bland-Altman plots in Figure 3, cell profiling produced similar data to the 

two manual reads. The average log transformed counts per mm2 between reader one and 

CellProfiler is plotted against the difference between the two, and a similar comparison is 

made between reader one and reader two. The 95% Cis for the difference between 

measurements are similarly wide for both reader two and CellProfiler compared to reader 

one; and show most pairs are within 0.5 logs. Further, the three correlations computed 

between each unique pair of counts ranged from 0.89 to 0.93 with the lower limits of the 

confidence intervals all above 85%. Any systematic difference between counts done by the 

readers and the machine was lower than 15% of the actual value.

4. Discussion

There were major advantages to cell profiler counting. Once suitable settings were 

determined, slides were reproducibly counted, even for high cell density images, in 90 

seconds compared to up to 10 minutes when done manually. This technique automatically 

captured overlays of mounted cells providing recorded images; something done manually 

using ImageJ. In addition, the process does not require user intervention.

This study shows that automated image analysis can be applied to evaluating CD4+ and 

CD8+ T-cell tissue infiltration in biopsied human tissue, despite the additional challenges of 

autofluorescence and greater depth of field. The adaptation of a simple open source image 

analysis program produced reliability, accuracy and reproducibility compared to the usually 

arduous manual counting by experienced technicians. In addition, counting allowed far more 

rapid processing of samples and importantly provided a longstanding archival record of the 

data, which allows retrospective independent evaluation.

There are issues to consider when using computer based counting methods. Programs will 

always perform best when background fluorescence is low and consistent among slides. 

Optimizing staining and image acquisition procedures to address this issue are essential. 

Artifacts such as dust and reflections can cause inaccurate counts requiring some images to 

be cropped and edited before counting. Software counting is most useful with images of a 

moderate to high cell count and complexity. Using CellProfiler with biopsies is not limited 

to IHC stained slides. Cells on bright field images can be quantified by selecting a color 

channel and inverting the image. We have begun to use this approach on neuronal tissue 

where the neurons vary in size and signal intensity with some success (data not shown).

5. Conclusion

In summary, counting fluorescently labeled biopsies with CellProfiler is a practical and 

effective replacement and/or additional technique to manual counting.
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Highlights

An automated method for manual cell counting of T-cell populations in human tissue 

samples was developed

CellProfiler was compared to manual counting

Manual counting and CellProfiler demonstrated high correlation in cell counting

Could be a cost effective replacement to manual counting of T-cell populations in human 

tissue samples
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Figure 1. Fluorescently labeled HSV-2 infected human skin biopsies for demonstrating settings
Biopsies stained with CD4 (green) and DAPI (blue). Panels A and B shows cell counting 

success in the presence of autofluorescence. Panels C and D shows the threshold intensity 

cutoff leaves out cell not in the main focal plane. Panels E-H shows Laplacian of Gaussian 

setting separates clumped cells well in both moderate and dense cell sections. Scale bars = 

50 μm.
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Figure 2. Low and high cell density fluorescently labeled HSV-2 infected human skin biopsies 
counted with two methods
Immunohistochemistry of post lesion samples following the resolution of the outbreak 

(Panel A) and lesions with high cell numbers and large clusters of cells (Panel B) stained 

with CD4 (green) and DAPI (blue). Panels C and D are manually counted images with 

yellow dots indicating identified cells via mouse clicks. Panels E and F are counted with the 

software program CellProfiler. Scale bar = 50 μm.
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Figure 3. Bland-Altman plot showing difference between two pairs of measurement methods in 
log_10 T cells per mm^2 (vertical axis) versus the average of the two methods (horizontal axis)
Dashed lines show 95% confidence intervals for the difference. The similarity of the widths 

of the confidence intervals indicates that both measurement methods compare favorably 

with reader one.
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Table 1
Biopsy Details

The distribution and count data of the biopsies used in the counting experiments. Biopsies were chosen to span 

the range of cell numbers and clustering encountered in typical HSV-2 longitudinal outbreaks which begin as 

lesions and then resolve over many weeks.

Biopsy Type Cell Count Cell Count Average Cell Count Range

Control 27 90 18-222

Lesion 25 580 85-1766

Healing 16 212 43-594

Shedding Site 11 325 2-1158

2 week 17 204 8-464

4 week 16 130 17-690

6 week 17 142 21-237

8 week 16 160 27-745

12 week 14 178 63-537

24 week 16 136 24-353
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Table 2
CellProfiler Modules and Settings

The seven CellProfiler modules that when run sequentially count cells from stained biopsy slides. Each 

module is listed with its function and the actual settings used that differ from defaults.

Module Function Settings

LoadImages Identify image files for processing Any file ending in .tif

ColorToGray Separate original color image into channels and 
convert to greyscale

Save red or green channel for further analysis depending on 
stain used

IdentifyPrimaryObjects Select cells for measurements Minimum cell diameter of 8 pixels, threshold correction factor 
1.3, three-state Otsu Global thresholding with middle intensity 
sent to the background, retain cell outlines

MeasureObjectSize Save cell counts Use defaults

ExportToSpreadsheet Export counts to spreadsheet format Use defaults

OverlayOutlines Overlay outlined counted cells on grey image Green outlines on grey image

SaveImages Choose name of exported images Add red or green to end of image name and save every cycle
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