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Fig. S1 Picture of the actual system and the homemade illuminator. a Diagram of the imaging system of HADI. A regular microscope was adopted. The microscope includes an objective lens (UPlanApo, 40X, 0.95 NA, SOPTOP) and a camera (MV-SUA202GM-T, sensor CMOS, image size 1920 x 1200, pixel size 4.8 μm x 4.8 μm, MindVision). A homemade illuminator is placed on the microscope condenser holder. b The picture of the homemade illuminator. The illuminator is composed of an Abbe condenser (NA = 1.25), a 3D-printed outer shell, and a LED (EPILEDS, XP-3535) with a center wavelength of 415 nm. The LED is fixed on the bottom center of the illuminator.
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Fig. S2 The inner structures of the unstained blood cells become visible with defocusing. The HADI images were captured with negative defocusing directions and the defocusing distances are around 1 µm. The inner texture of the leukocytes in the in-focus images is flat. The blood images captured with positive defocusing directions reveal symmetric structure information as the HADI images but have different color styles which are consistent with the theory of the defocusing phase-contrast imaging.
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Fig. S3 Image granularity (IG) can be served as an autofocus criterion for the HADI. a-j IG curves for 10 different blood smear regions. Axial images of the 10 blood smear regions were captured to generate the IG curves. The axial interval is around 0.3 μm. The input image size is 1920 x 1200. The blue points that are the local minimum points of the IG curves correspond to the in-focus position (z = 0). The red points are the maximum points of the IG curves. k-t Local images (image size of 256 x 256) from the axial images with the maximum IG values (red points). From the results, the HADI images can be captured at the axial position where the IG value achieves the maximum. The IG can be used as the autofocusing criterion for the HADI.   
[image: ]
Fig. S4 Two local axial images from the same blood smear region corresponding to Fig. S3 a. a The first local axial image with a leukocyte. b The second local axial image with another leukocyte. The defocusing distance is varying from -3.3 μm to 1.5 μm. The IG value achieves the maximum with a defocusing distance of -1.1 μm.
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Fig. S5 Sample and data preparation. a About 10 µl of blood was used to make a blood smear without staining. b After the blood smear was dried in the air within a minute, the HADI images were captured with defocusing. c Picture for some unstained blood smears used in this work. d one of the HADI images with original image size 1920 x 1200. 
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Fig. S6 Registration of the HADI images and the Giemsa images. a Obtaining the Giemsa staining blood smears and the Giemsa image. After the HADI was performed, the blood smear was stained by the Giemsa stain. And then the stained blood smear was scanned by a whole slide imaging system to obtain the Giemsa image. b Image registration contains a coarse registration step and a fine registration step. Before the registration, the original HADI images were cut into small image patches with image size of 512 x 512, and the Giemsa images were converted into gray style. The RMSE between the HADI image and the image patches (image size of 640 x 640) from the Gray Giemsa image was calculated. The coarse-matching image was cropped from the Giemsa image at the location where the RMSE achieve a minimum. The image patches from the Giemsa images were searched with a continuous path (shown in the figure). Then the fine registration was performed based on the multi-modal registration function supplied by the official website of MATLAB54. After registration, the dataset contains the HADI images and their corresponding Giemsa staining images were obtained. 


[image: ]
Fig. S7 Five-part leukocyte differential algorithm based on YOLO V5. a leukocyte identification and classification with YOLO V5 network. The input of the network is a HADI image with an image size of 512 x 512 and the output is the predicted leukocyte subtype labels, bounding boxes, and confidence coefficients. b Some other inference results on the testing dataset.    
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[bookmark: _GoBack]Fig. S8 Diagram of calculating leukocyte differential counts for blood samples from 14 patients with this technique. a A HADI image was detected by the trained YOLO V5 to find the containing leukocytes. The process contains four steps. First step: An unstained blood smear was scanned in a continuous path to obtain the HADI images. The mean amount of the HADI image for each patient is 101, which contains about 170 leukocytes. Second step: each HADI image was detected by the trained YOLO V5 in order. The X-step and Y-step are both 384. Third step: obtain detection results with redundancy. Fourth step: remove redundant boxes with NMS. b Leukocyte counts of all HADI images from one patient were calculated.
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Fig. S9 Virtual staining of the HADI image (HADI images versus virtual Giemsa images). HADI images with an image size of 1920 x 1200 were captured and stitched into a HADI image with an image size of 5640 x 5640. The area of the corresponding blood smear region is 676.8 μm x 676.8 μm. Four local images of the HADI image and their corresponding virtual staining results were shown. 
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Fig. S10 Some other virtual staining results.
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Fig. S11 Defocusing phase-contrast images for label-free cervical cells (Camera: MV-SUA230GM-T, pixel size 5.86 μm x 5.86 μm, MindVision; Objective lens: UPlanApo, 40X, 0.95 NA, SOPTOP).



Supplementary tables S1 to S2 
Table S1: 
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[image: ]Table S1. Experimental data for the image granularity curves (n= 10) in the manuscript (Fig. 1b) and supplementary figures (Fig. S3a-j). The table presents the IG values and the corresponding defocusing distances for each curve.

Table S2:[image: ]
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Table S2. Experimental data of the leukocyte differential counts and percentage for the 14 blood samples from the hospital. The table contains the counting results for the total leukocyte, neutrophil, lymphocyte, eosinophil, basophil, and monocyte. The automated counting results (HADI counts), manual counting results (manual count), and the leukocyte clinical percentages from the automatic hematology analyzer applied in the hospital are presented. The file supplies original data for Fig. 4 and Fig. 5 in the manuscript.

image5.png
a b
Testtube
Objective lens
After dried in the air
within a minute 0

_ 4

A unstained blood smear

Homemade illuminator





image6.png
5000 x 58333

Giemsa staining blood smear Giemsa image
A blood smear was stained by the Giemsa stain
HADI image HADI image Fine registration result
n create matching image
First Step: Second Step: Generate.
coarse registration fine registration dataset

5000 x 58333

Gray Giemsa staining image

Dataset

Gray one Colorone
Find the coarse registration image




image7.png
Neu 0.93 [yAOSH
=)

image size: 512 x 512

Neu 0.98u 0.96

Lym 0.95

Neu 0.95
5

Neu 0.93 '-)ﬂ!\‘lg
N )

Neu 0.7 [FIIOUSE
NS




image8.png
b

@




image9.png
HADI image Virtual Giemsa image HADI image Virtual Giemsa image





image10.png
Giemsa image

®
g
g
£
3
[
5
E
s

HADI image





image11.png




image12.emf
defocusing

distance (μm)

Image Granularity

(IG)

defocusing

distance (μm)

Image

Granularity

(IG)

defocusing

distance (μm)

Image Granularity

(IG)

-4.8 828495 -4.6 10909920 -5.7 87515745

-4.6 1999455 -3.8 19785960 -5.4 79096665

-4.4 3101820 -3.5 25611690 -5.1 79606410

-4.2 5055120 -3.3 27349770 -4.8 83835585

-3.9 9091515 -3 31979040 -4.5 85916385

-3.7 12576600 -2.8 37920285 -4.2 95687730

-3.4 19618935 -2.4 44123670 -3.9 99018540

-3.1 27808770 -2.3 52869915 -3.6 100708680

-2.8 33958095 -2 57738375 -3.3 106761360

-2.6 40157145 -1.8 66681480 -3 107416200

-2.3 49385850 -1.7 70842570 -2.7 111320250

-2 61302000 -1.5 74082090 -2.4 113173590

-1.7 67745085 -1.4 73595805 -2.1 114752805

-1.4 73594275 -1.2 72858345 -1.8 114650550

-1.1 75949455 -1 75641670 -1.5 118561485

-0.8 75849750 -0.8 75502440 -1.2 119526405

-0.5 69038955 -0.7 63365715 -0.9 122938815

-0.1 55120800 -0.5 59267355 -0.6 115009845

0 52475175 -0.4 57348480 -0.3 88711950

0.3 52432080 -0.2 53462790 0 77528670

0.6 55064445 0 49838730 0.3 76786620

0.8 51875415 0.2 52017705 0.6 79896855

1.2 50426505 0.3 52069215 0.9 77331810

1.5 36897225 0.5 51659940 1.2 72928470

1.7 35050515 0.7 52753890 1.5 67600755

1.9 31996635 0.9 49694910 1.8 66346665

2.2 27722580 1.1 47853555 2.1 62583630

2.5 26024535 1.3 47260425 2.4 65084160

2.7 23038995 1.5 46742265 2.7 66259200

3 21757365 1.8 44109645 3 68860455

3.3 20097825 2.1 44555385 3.3 68110245

3.6 18064965 2.4 42308835 3.6 72256035

3.9 15512670 2.7 41421690 3.9 76522440

3.6 31588890

Blood Smear Region 1

(for Fig. 1B, fig. S3A)

Blood Smear Region 2

(for fig. S3B)

Blood Smear Region 3

(for fig. S3C)


image13.emf
defocusing

distance (μm)

Image Granularity

(IG)

defocusing distance

(μm)

Image Granularity

(IG)

defocusing distance

(μm)

Image Granularity

(IG)

-6 101873520 -6 100505190 0 81584190

-5.7 93255285 -5.7 89535090 1 66701370

-5.4 100622745 -5.4 84619455 2 67834590

-5.1 98833410 -5.1 89638875 3 78439275

-4.8 102604605 -4.8 97755015 4 79727790

-4.5 109420245 -4.5 102096390 5 86750745

-4.2 113879430 -4.2 106195515 6 95146365

-3.9 116903220 -3.9 107756625 7 93417720

-3.6 119472600 -3.6 110205645 8 98981820

-3.3 118746105 -3.3 115396170 9 100934355

-3 119571540 -3 115888065 10 102559725

-2.7 120262845 -2.7 116498280 11 109142040

-2.4 117589935 -2.4 115935750 12 108800085

-2.1 116748435 -2.1 116596200 13 110618745

-1.8 119519265 -1.8 119174505 14 113602755

-1.5 122294175 -1.5 122178405 15 114397335

-1.2 125242485 -1.2 122262300 16 111872835

-0.9 114127035 -0.9 124645275 17 99449745

-0.6 117232170 -0.6 110847735 18 83661930

-0.3 85120785 -0.3 82631985 19 72955755

0 78425505 0 77460075 20 75958380

0.3 84193350 0.3 81560220 21 77511840

0.6 84233895 0.6 83682330 22 77015100

0.9 82817370 0.9 80168175 23 72832845

1.2 77645970 1.2 74058375 24 68639370

1.5 69445170 1.5 70859910 25 67774920

1.8 64448955 1.8 68521305 26 65847120

2.1 66637875 2.1 68366265 27 63437115

2.4 66890325 2.4 68831895 28 64142700

2.7 69881985 2.7 70816815 29 65352675

3 72106605 3 72059940 30 69062670

3.3 72557190 3.3 74665530 31 69239640

3.6 76587210 3.6 79129815 32 71571870

Blood Smear Region 4

(for fig. S3D)

Blood Smear Region 5

(for fig. S3E)

Blood Smear Region 6

(for fig. S3F)


image14.emf
defocusing distance

(μm)

Image Granularity

(IG)

defocusing

distance (μm)

Image Granularity

(IG)

defocusing distance

(μm)

Image Granularity

(IG)

defocusing

distance (μm)

Image Granularity

(IG)

-6 100505190 -5.7 81584190 -6.3 74978415 -5.4 107386365

-5.7 89535090 -5.4 66701370 -6 64779435 -5.1 101102145

-5.4 84619455 -5.1 67834590 -5.7 66652665 -4.8 100283595

-5.1 89638875 -4.8 78439275 -5.4 73216110 -4.5 105308625

-4.8 97755015 -4.5 79727790 -5.1 66759000 -4.2 109027290

-4.5 102096390 -4.2 86750745 -4.8 74697915 -3.9 111701220

-4.2 106195515 -3.9 95146365 -4.5 79571220 -3.6 114001320

-3.9 107756625 -3.6 93417720 -4.2 87639165 -3.3 114300945

-3.6 110205645 -3.3 98981820 -3.9 90539535 -3 118463310

-3.3 115396170 -3 100934355 -3.6 94216635 -2.7 121366230

-3 115888065 -2.7 102559725 -3.3 101851335 -2.4 116767560

-2.7 116498280 -2.4 109142040 -3 101155695 -2.1 116472780

-2.4 115935750 -2.1 108800085 -2.7 107287425 -1.8 115896990

-2.1 116596200 -1.8 110618745 -2.4 110762055 -1.5 116472780

-1.8 119174505 -1.5 113602755 -2.1 115185030 -1.2 118384515

-1.5 122178405 -1.2 114397335 -1.8 117812295 -0.9 119448120

-1.2 122262300 -0.9 111872835 -1.5 116991450 -0.6 122387250

-0.9 124645275 -0.6 99449745 -1.2 119141100 -0.3 113592810

-0.6 110847735 -0.3 83661930 -0.9 111343455 0 78362520

-0.3 82631985 0 72955755 -0.6 95900910 0.3 80273745

0 77460075 0.3 75958380 -0.3 82967310 0.6 85385985

0.3 81560220 0.6 77511840 0 73343610 0.9 84645720

0.6 83682330 0.9 77015100 0.3 77860680 1.2 78644805

0.9 80168175 1.2 72832845 0.6 77735475 1.5 76177170

1.2 74058375 1.5 68639370 0.9 74324850 1.8 68830110

1.5 70859910 1.8 67774920 1.2 71546370 2.1 67530630

1.8 68521305 2.1 65847120 1.5 70020450 2.4 66341055

2.1 68366265 2.4 63437115 1.8 68207400 2.7 67994220

2.4 68831895 2.7 64142700 2.1 65567385 3 70532235

2.7 70816815 3 65352675 2.4 65937645 3.3 70710480

3 72059940 3.3 69062670 2.7 66327285 3.6 71545605

3.3 74665530 3.6 69239640 3 68284920 3.9 75699555

3.6 79129815 3.9 71571870 3.3 69199605 4.2 82915035

Blood Smear Region 7

(for fig. S3G)

Blood Smear Region 8

(for fig. S3H)

Blood Smear Region 9

(for fig. S3I)

Blood Smear Region 10

(for fig. S3J)


image15.emf
total leucocyte

(patients: N = 14)

manual counting results automatic counting results difference of the two methods

1 336 335 1

2 160 160 0

3 199 196 3

4 245 242 3

5 159 160 -1

6 77 77 0

7 350 356 -6

8 119 119 0

9 109 110 -1

10 112 114 -2

11 106 106 0

12 136 137 -1

13 147 151 -4

14 120 118 2


image16.emf
neutrophil

(patients: N = 14)

manual counting results

automatic counting results

with the proposed method

difference of the two method

neutrophil percentage

（

from the proposed

method

）

neutrophil percentage

（

from the hematology

analyzer used in Tongji

Hospital, Wuhan, China

）

Clinical Reference

Range

1 318 314 4 0.937313433 0.976 0.400~0.750

2 66 65 1 0.40625 0.351

3 178 171 7 0.87244898 0.936

4 224 221 3 0.91322314 0.925

5 68 68 0 0.425 0.401

6 41 40 1 0.519480519 0.57

7 63 63 0 0.176966292 0.245

8 58 59 -1 0.495798319 0.531

9 94 93 1 0.845454545 0.846

10 62 63 -1 0.552631579 0.537

11 73 73 0 0.688679245 0.554

12 101 101 0 0.737226277 0.73

13 90 91 -1 0.602649007 0.554

14 107 105 2 0.889830508 0.844

lymphocyte

(patients: N = 14)

manual counting results

automatic counting results

with the proposed method

difference of the two method

lymphocyte percentage

（

from the proposed

method

）

lymphocyte percentage

（

from the hematology

analyzer used in Tongji

Hospital, Wuhan, China

）

Clinical Reference

Range

1 12 14 -2 0.041791045 0.007 0.2~0.5

2 72 72 0 0.45 0.458

3 8 11 -3 0.056122449 0.026

4 12 14 -2 0.05785124 0.035

5 29 32 -3 0.2 0.162

6 6 6 0 0.077922078 0.097

7 262 263 -1 0.738764045 0.676

8 49 50 -1 0.420168067 0.353

9 11 12 -1 0.109090909 0.09

10 36 39 -3 0.342105263 0.311

11 26 27 -1 0.254716981 0.317

12 23 24 -1 0.175182482 0.175

13 47 49 -2 0.324503311 0.36

14 8 8 0 0.06779661 0.084

eosinophil

(patients: N = 14)

manual counting results

automatic counting results

with the proposed method

difference of the two method

eosinophil percentage

（

from the proposed

method

）

eosinophil percentage

（

from the hematology

analyzer used in Tongji

Hospital, Wuhan, China

）

Clinical Reference

Range

1 1 2 -1 0.005970149 0 0.004 ~ 0.08

2 11 12 -1 0.075 0.072

3 5 6 -1 0.030612245 0

4 0 0 0 0 0.001

5 6 7 -1 0.04375 0.044

6 26 26 0 0.337662338 0.253

7 13 17 -4 0.047752809 0.022

8 1 1 0 0.008403361 0.021

9 0 0 0 0 0

10 7 7 0 0.061403509 0.041

11 2 2 0 0.018867925 0.004

12 5 6 -1 0.04379562 0.013

13 0 1 -1 0.006622517 0.009

14 1 1 0 0.008474576 0.001


image17.emf
basophil

(patients: N = 14)

manual counting results

automatic counting results

with the proposed method

difference of the two method

basophil percentage

（

from the proposed

method

）

basophil percentage  

（

from

the hematology analyzer used

in Tongji Hospital, Wuhan,

China

）

Clinical Reference

Range

1 0 0 0 0 0.001 0.000~0.010

2 0 0 0 0 0.002

3 0 0 0 0 0.003

4 0 0 0 0 0.001

5 0 0 0 0 0.001

6 0 0 0 0 0.002

7 2 3 -1 0.008426966 0.005

8 2 1 1 0.008403361 0.003

9 0 0 0 0 0.002

10 0 0 0 0 0.002

11 0 0 0 0 0.006

12 0 0 0 0 0.002

13 2 2 0 0.013245033 0.003

14 0 0 0 0 0.001

monocyte

(patients: N = 14)

manual counting results

automatic counting results

with the proposed method

difference of the two method

monocyte percentage

（

from the proposed

method

）

monocyte percentage

（

from the hematology

analyzer used in Tongji

Hospital, Wuhan, China

）

Clinical Reference

Range

1 5 5 0 0.014925373 0.016 0.030~0.100

2 11 11 0 0.06875 0.1

3 8 8 0 0.040816327 0.035

4 9 7 2 0.02892562 0.038

5 56 53 3 0.33125 0.392

6 4 5 -1 0.064935065 0.078

7 10 10 0 0.028089888 0.052

8 9 8 1 0.067226891 0.092

9 4 5 -1 0.045454545 0.062

10 7 5 2 0.043859649 0.109

11 5 4 1 0.037735849 0.119

12 7 6 1 0.04379562 0.08

13 8 8 0 0.052980132 0.074

14 4 4 0 0.033898305 0.061


image1.png
@ Picture of the actual system b Picture of the actual illuminator

LED with illumination’
light of 415 nm

30-printed outer shell





image2.png
HADI images with negative defocusing Infocus Images with positive defocusing

direction maes direction

2200 um 2=09 um

10 pm,





image3.png
a b c e

5 z=0um |3 K] K] 5

2 ° 2 w2=0Hm |2 2 2

5 5 5 z=opm {E 5

o o o - o o =

o o o o o z=0pum

H H H H H :

Defocusing distance z Defocusing distance z Defocusing distance z Defocusing distance z Defocusing distance z

f h i j

5 5 5 5 5

3 3 3 3 3

2 2 2 2 2

g —oum | & g g g

[} z= [} = [} - [} [} =0

° ° z=0pm 1O z=0pm |y ° o

E ‘ E V E \ E \ 3 “

E E E E z=oum | E

Defocusing distance z

Defocusing distance z

Defocusing distance z

Defocusing distance z

Defocusing distance z





image4.png
N
; 08 uml

- g
5





