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Abstract.

BACKGROUND AND OBJECTIVE: Monitoring recovery process of coronavirus disease 2019 (COVID-19) patients
released from hospital is crucial for exploring residual effects of COVID-19 and beneficial for clinical care. In this study, a
comprehensive analysis was carried out to clarify residual effects of COVID-19 on hospital discharged patients.
METHODS: Two hundred sixty-eight cases with laboratory measured data at hospital discharge record and five follow-up
visits were retrospectively collected to carry out statistical data analysis comprehensively, which includes multiple statistical
methods (e.g., chi-square, T-test and regression) used in this study.

RESULTS: Study found that 13 of 21 hematologic parameters in laboratory measured dataset and volume ratio of right lung
lesions on CT images highly associated with COVID-19. Moderate patients had statistically significant lower neutrophils
than mild and severe patients after hospital discharge, which is probably caused by more efforts on severe patients and slightly
neglection of moderate patients. COVID-19 has residual effects on neutrophil-to-lymphocyte ratio (NLR) of patients who
have hypertension or chronic obstructive pulmonary disease (COPD). After released from hospital, female showed better
performance in T lymphocytes subset cells, especially T helper lymphocyte% (16% higher than male). According to this sex-
based differentiation of COVID-19, male should be recommended to take clinical test more frequently to monitor recovery
of immune system. Patients over 60 years old showed unstable recovery process of immune cells (e.g., CD45 + lymphocyte)
within 75 days after discharge requiring longer clinical care. Additionally, right lung was vulnerable to COVID-19 and
required more time to recover than left lung.
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CONCLUSIONS: Criterion of hospital discharge and strategy of clinical care should be flexible in different cases due to
residual effects of COVID-19, which depend on several impact factors. Revealing remaining effects of COVID-19 is an
effective way to eliminate disorder of mental health caused by COVID-19 infection.

Keywords: COVID-19 pneumonia, hospital discharge, dynamic changes analysis, computed tomography (CT) lung image,
routine blood test parameters

1. Introduction

Currently, the novel coronavirus disease 2019 (COVID-19) is still pandemic all around the world,
and severe acute respiratory syndrome coronavirus 2 pandemic affect clinical treatment and research
in all facets deeply [1, 2]. At the beginning of COVID-19, a lot of research were implemented based
on both Computed Tomography (CT) and Digital Radiography (DR) image data. Y. Wang et al. [3]
found that different lung CT manifestations changes in a specific pattern temporally and it could be
considered as an indicator of disease progression. With the research of COVID-19 ongoing, various
data like routine blood parameters were included in analysis. Both F. Zeng et al. [4] and F. Ok et al.
[5] used routine blood parameters to explore the relationship between blood components and severity
of COVID-19. These two research activities divided patients into severe and non-severe groups and
found higher white blood cells (WBC), neutrophils and neutrophil-to-lymphocyte ratio (NLR) in
severe group and greater counts of lymphocytes in non-severe group. Moreover, according to D.
Ferrari et al. [6], aspartate aminotransferase (AST) and Lactate dehydrogenase (LDH) could assist in
identifying potential COVID-19 patients. Being equipped with short turnaround time and excluding
radioactivity, it is of clinical significance to trace and monitor process of diagnosis with dynamic
changes of routine blood parameters [7]. Different hematologic parameters require different lengths of
time to resume. Approximately, eosinophils required 12 days to recovery which is earlier than others
and could be considered as judgment indicator of treatment progress [7]. Aside from routine laboratory
indicators, abnormal immune-related index such as interleukin (IL)-2 and IL-4 had higher frequency
in critically severe patients than severe and moderate patients [8]. Lymphopenia and eosinopenia could
have function of judging disease severity and progression [9]. As for T-lymphocyte subsets, severe
patients had higher proportion of CD4 + T cells than those of moderate patients [9, 10]. Some machine
learning classification models were implemented by D. Brinati et al. [11], with routine blood test data
as input to predict whether patients were infected.

In the post-pandemic era, the number of discharged patients kept increasing. It must be noted
that continuous monitoring and precautionary measures are still necessary, even the patient has been
discharged from the hospital [12]. Most research on COVID-19 focused on diagnosing and therapy
evaluation, but few focused on follow-up studying of patients after discharge. Even if there are, follow-
up studies published in the past have a small sample size and a short time span, usually 3 months after
discharge. Follow-up after healing is of great significance to the overall revealing of the occurrence,
development and outcome of the COVID-19 and understanding of its mechanism. Inspired by former
researchers, routine laboratory indicators were analyzed to explore whether COVID-19 still has effects
on discharged patients continuously. COVID-19 was found has property of side-preference on lung
lesions during hospitalization [13]. Besides, discharged criterion did not require completely absorption
of lesions. Hence it is also valuable for clinical research to analyze absorption process indicated by
decreasing of lung lesions volumes on CT images which were calculated by our well-trained deep
learning neural network model [14].
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This research was carried out to clarify continuous effects of COVID-19 on hospital discharged
patients and provide some suggestions for clinicians to promote clinical treatment and care. A total
number of 268 cases with laboratory measured data at hospital discharge date and five follow-up visits
were retrospectively collected to carry out statistical analysis comprehensively. The time span of the
data used is longer than six months which is long enough to make conclusion of this study reliable and
convictive. We implemented a comprehensive analysis with dividing patients into groups respectively
according to age, gender, severity, underlying diseases and so on. 21 hematologic indicators and lung
lesions in CT images were analyzed in very detail and meaningful findings are displayed in this article.
Herein, a longitudinal comparison experiment of changes in hematologic indicators and lungs lesions
were performed.

2. Materials and methods

This study was approved by our institutional review board, and the written informed consent for this
study was waived for the data was collected and analyzed anonymously without any potential risks to
patients.

2.1. Patients

This study was conducted with 268 COVID-19 pneumonia patients who had been confirmed with
positive nucleic acid and discharged from the hospital between 30 Jan. and 6 Aug. of 2020. Demo-
graphic information is provided in the Table 1, and most of those patients (76.9%) are not elderly
(younger than 60 years old). Moreover, the ratio of female to male is 1.39 which means the distribution
of gender is not unbalanced enabling the reasonability of further analysis between men and women.

2.2. Routine blood indicators

The dataset consists of 21 clinical routine blood indicators such as C-reactive protein (CRP), WBC,
neutrophil, lymphocyte, monocytes, IL-6 and so on. These 21 indicators are summarized in Table 2,
as well as normal value ranges of each indicator. The columns from discharge to follow-up 5 represent
statistic values (mean = standard deviation) of that hematologic parameter (row) at discharge and 5
follow-up visits. Patients took blood test of these 21 indicators about to be discharge and required to
take the test continuously six times after discharge. Theoretically, datasets should have 147 (21*7)
blood indicators in total. Otherwise, hospital visits are not compulsory resulting in that not all patients
underwent a complete blood test in each visit. Even worse, only one (0.37%) patient took blood test
in the sixth visit which was not used in analysis due to lack of data. Although some patients did not
participate the whole 6 follow up visits, research on this dataset is still meaningful due to long time
span of follow up visits and competitive number of patients.

Of note, except for different discharge dates of each patient, patients took follow up visits at non-
uniform time leading to different time intervals between any two examinations. As a result, 102
(38.06%) patients participated in the first visit within 7 days and half of patients finished their first visit
within two weeks after discharge. The time intervals between discharge date and first visit date variates
from 1 day to 116 days with standard deviation equaling 17.37 days. Similar are the other follow up
visits. Hence, it will probably introduce time bias if dynamic changes of routine blood parameters and
ratios of lesions volumes are analyzed directly.

2.3. Volume ratio of lesion for left and right lungs in CT images

With aim of measuring effects of COVID-19 on cured people multimodally, CT images of these
patients’ lungs were also included in analysis. In previous work of our team [14], a ResUNet network
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Table 1
Clinical characteristics of COVID-19 patients include in this study

Discharge patients (268)

Age
mean 45.34+15.43
min, max 14, 82
<=30 53
30-60 153
>=60 62
Sex
Male 112
Female 156
Underlying diseases
Hypertension 47
Diabetes mellitus 17
Cardiovascular disease 4
COPD 1
Symptom (before discharge)
Fever 182
Cough 137
Chills 45
Respiratory 15
Expectoration 57
Digestive 8
Severity (before discharge)
Mild type 18
Moderate type 222
Severe 28

model was developed to assist radiologists in distinguishing COVID-19 infected pneumonia patients
from other pulmonary infections on CT images (as shown in Fig. 1). That well-trained model was
transferred to calculate volume of lung lesions in these CT images. Volume ratio of lesions was
defined as the ratio between volumes of lesions and lungs. According to one of the criterions for
hospital discharged, pulmonary images of patients must show obvious absorption of inflammation.
Inspired by the criterion, these data were used to analyze process of absorbing after hospital discharge.

2.4. Statistical analysis

T-test was implemented and 0.05 was chosen as the threshold to indicate statistically significant
difference (P value). The statistical analysis was carried out with Python 3.8.1 in MacOS 10.15.3. Due
to the fact that sample size used in this study might not be equal, an adapted two-tailed and unequal
variances t-test was chosen to be implemented actually. Moreover, chi-square was also used for binary
feature.

2.5. Normalization of the time interval

As mentioned in section 2.2, these 268 patients did not take hospital follow-up visits with the same
time interval and lengths of periods between each visit varied greatly, resulting in that pre-processing is



Table 2

Statistic values of routine blood parameters in each stage and its normal range

Parameters Discharge Follow-up 1 Follow-up 2 Follow-up 3 Follow-up 4 Follow-up 5 Normal range

C-reactive protein (mg/L) 596+7.23 5424+3.27 5.23+3.39 4.94+04 5.03+0.69 5+0 <10

White blood cells (10"9/L) 5.66 £ 1.66 580+ 1.44 575£1.53 57+£142 5.66£1.36 5+1.1 3.5-9.5

Neutrophils (10"9/L) 331+1.43 34+1.1 334+1.11 327+1.0 325+£1.12 2.76 £0.75 1.8-6.3

Lymphocytes (10"9/L) 1.77+£0.57 1.81+£0.53 1.844+0.58 1.87+0.5 1.88+0.48 1.79+0.49 1.1-32

Monocytes (10"9/L) 0.40+0.12 0.38+0.12 0.36+0.12 0.35+0.1 0.34+0.11 0.29 +0.09 0.1-3.6

Eosinophils (10"9/L) 0.14+0.12 0.17+0.14 0.18+0.18 0.18+0.27 0.14+0.11 0.14+0.05 0.02-0.52

Basophils (10"9/L) 0.03 £0.02 0.03£0.02 0.03 £0.02 0.03 £0.02 0.03 £0.02 0.03 £0.01 0-0.06

Creatine kinase (U/L) 56.17£28.53 69.53 £42.32 128.36 +518.18 99.31+£111.94 103.39£67.41 73.71 £22.86 40-200

Lactate dehydrogenase(U/L) 174.78 £51.83 175.17 £49.97 170.36 £42.58 174.64 £37.73 173.65 £33.43 152.57 £31.31 120-250

CK-MB isoenzyme (U/L) 10.54 +£5.09 1236 +17.64 11.66 +6.05 12.32+4.21 13.81£7.98 152.57 £31.31 0-24

CD45 +lymphocyte count 1547.33 £420.24 1617.77+£487.81 1697.27+£583.00 1752.61£533.16 1808.93+442.04 1824.71+641.86 1488-4483

Absolute value of T 1127.53 £348.28 1180.63+423.56 1156.81+418.31 1200.41+395.01  1229.87 £363.1 1234.86 +501.9 955-2860
lymphocytes

T lymphocyte% 71.7+8.21 71.33+£7.59 69.83 £8.6 68.31£9.06 67.94+9.57 67.43 £6.60 50-84

T helper lymphocyte absolute ~ 639.46+239.98  642.464+237.43  637.50+22091  643.53+£233.06 646.94+£197.08  693.29 £267.45 550-1440
count

T helper lymphocyte% 41.25+£8.42 39.39+7.32 38.88+7.35 36.74 +8.30 35.91+7.88 3829+ 6.4 26-61

T suppress lymphocyte 421.95+183.94  462.88 £220.01 452.38 £232.34 480.7 £214.11 494.51£223.72  453.71£216.77 320-1250
absolute count

T inhibit lymphocyte% 29.39+24.39 30.54 +£29.20 27.99 +15.85 27.28 £8.19 26.91+£8.31 24.14+£3.93 15-44

CD3 + CD4 + CD8 + lymphocyte  10.89 +20.46 9.49+7.13 10.37+10.86 9.144+9.22 8.82+7.61 4.86+3.13 -
count

CD3 +CD4 + CD8 +/CD45+ 0.63 £0.98 0.52+£0.73 0.53£0.65 0.42£0.66 0.39£0.60 0+0 -

T helper/suppressor 1.61 +£0.71 14.87 £118.27 1.57+0.64 1.49+0.63 1.49 +£0.62 1.63+0.48 1.4-2.0
lymphocytes
(CD4 +/CD8+)

Interleukin(IL)-6(pg/ml) 471574 471+11.91 247+537 1.55+1.98 0.924+0.48 1.06 +0.83 0-7
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Fig. 1. A flow diagram of ResUNet network to process and analyze CT images.

necessary before analyzing dynamic changes of indicators on time series. Dates at which patients took
tests were subtracted by their discharge dates to calculate time length between follow-up visits and
discharge. The longest time length is 186 days and 25 days was chosen as threshold to form 8 durations
([0,25], [25,50], ..., [175,200]). The measured data were rearranged into corresponding durations
based on time length. Under this normalization method, it was possible that one patient took more
than one routine blood test within one duration and all blood tests data were considered independently
no matter whether it from the same patients. Besides that, data of these 21 indicators sometimes were
recorded in string type like “< 107, “<5” or “<1.25”, etc. In order to make mathematical calculation
feasible, these string values were set equaling half of the number on the right of inequality sign.

3. Results
3.1. Linear relationship

According to X. Feng et al. [15], white blood cell and neutrophils increased but lymphocyte subtypes
decreased, resulting in high ratio of white blood cell to lymphocyte subtypes. Moreover, value of
NLR associated with mortality was 1.05 (1.02-1.07 with 95% confidence interval) and higher NLR
contributed to increasing risk of one-month mortality [16]. After healing of COVID-19, it was found
that patients’ WBC could have a positive linear relationship with neutrophils, CD45 +lymphocyte
count and lymphocytes. Linear regression model was trained to fit these relationships and the weights
of the tuned models were 1.07, 0.0018 and 1.34 respectively which are shown in Fig. 2. Of note, weight
equaling 1.07 implies that ratios of neutrophils to WBC are probably higher than 0.8 which is upper
bound of the normal value range, and most white blood cells in patients’ body were neutrophils. Ratios
shown in two figures at bottom of Fig. 2 were not in safety range. In other words, COVID-19 probably
still has residual effects on triggering inflammation.

In order to evaluate the reliability of the weight, which is 1.07, the ratio of neutrophils to WBC was
calculated and results are displayed in scatter below. As shown in Fig. 3, there have five patients with
the ratios equaling to or larger than 0.8, indicating infection.
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Except exploring the relationships among indicators, analyzing hematologic parameters among sex-
specific, age-specific, underlying disease-specific and severity-specific subgroups might be meaningful
as well. A critical factor that played a part in susceptibility to SARS-CoV is gender [17]. Females are
equipped with immune responses innately more enhanced than that of males [18]. Moreover, elderly
patients having a history of hypertension are more likely to be severe COVID-19 [8]. In addition,
elderly men with comorbidities are more probable to be infected COVID-19 [19]. The probability
of infection, disease severity and risk of mortality were proved to be correlated with older age and
diabetes [20-23].

With demographic data such as gender, age, underlying disease and severity of COVID-19 available,
datasets were grouped by these features respectively to explore whether statistical significance would
be observed. The analysis in detail is explained in following Section 3.2.

3.2. Tendency of dynamic changes analysis for routine blood parameters

In order to analyze the dynamic changes of hematologic parameters, considering related factors at the
same time, 268 patients were divided into groups by gender, age and severity respectively. Before that,
with the aim of having an overview of changes on each parameter, analysis of them on whole patients
was carried on firstly. In this section, the horizontal red dotted lines represent the upper and lower
bounds of normal range. If only one line in the figure, it represents upper bound. For all figures in this
section, x-axis represents the time after hospital discharge, e.g., “0” represents the date of discharge,
“50” represents that patient had been discharged from hospital for 50 days and the value on the left of
“0” represents date of hospitalization. The “-” in the table represents the P value cannot be calculated
due to lacking data.

3.2.1. Routine blood test indicators’ changes on whole patients

Figure 4 shows that CRP were 50% higher than upper bound of normal range at the time of hos-
pitalization and mean of it resumed normal value at discharge. Both mean and variance of CRP kept
decreasing through time series. As for T lymphocyte subset, four indicators were needed to be noticed
which are CD45 + lymphocyte count, Absolute value of T lymphocytes (AVTL), T helper lymphocytes
absolute count (THLA) and T suppress lymphocyte absolute count (TSLAC). CD45 + lymphocyte
count was lower than lower bound of normal range at the time of on admission to hospital. Value of
these four indicators kept near and even reached lower bound within 75 days after patients released
from hospital. At the time instance of 75 days after released from hospital, they would probably drop
below lower bound (95% confidence interval cross red dotted line). Additionally, AVTL, THLA and
TSLAC changed in similar pattern and CD45 +lymphocyte count was closer to lower bound than
another three. Being similar with CRP, IL-6 was nearly 33% higher than upper bound in admission
day and resumed at discharge. The blood parameters stably resuming at discharge, such as CRP and
IL-6, could be considered as marker to assist judging progression and treatment of COVID-19.

It had been reported that WBC, neutrophils and lymphocytes were statistically significant between
severe and non-severe groups in previous study [4, 5, 7, 19]. After patients being discharged, these
three indicators all distributed in normal range. Furthermore, WBC and neutrophils had similar changes
through time series shown in Fig. 5. It will be discussed in section 3.2.2 that whether there still existing
statistical significance between severe and non-severe groups of these three indicators after discharge.

As for creatine kinase (CK), the mean increased sharply at duration of 100 days and showed high
volatility in this time interval. The phenomenon was caused by that five patients’ CK dominated
others which are 6997, 2379, 928, 539 and 412. Obviously, shown in Fig. 6, the 95% confidence
interval (CI, blue shadow area) beyond upper bound of normal range implied that CK was proba-
bly larger than upper bound at 100 days after discharge. Coincidentally, at 25 days after discharge,
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T helper/suppressor lymphocytes (CD4 + /CD8+) was dominated by a male patient with value equaling
1046. In the remaining durations, the mean of this indicator fluctuated between 1.0 and 1.8 and its
standard deviation ranged from 0.45 to 0.95.

3.2.2. Tendency of data group divided by severity

A lot of previous works had been done by comparing routine blood indicators between severe and
non-severe groups and had some findings with great value of clinic, e.g. [24, 25]. There is a wide
variety in symptoms reported of patients with COVID-19, varying from mild symptoms to severe
[26]. For this study, to continue previous works in hospital discharged patients, patients were divided
by severity into three groups, mild, moderate and severe. There are 222 moderate patients, 28 severe
patients and 18 mild patients, with average age of 44.7, 57.2 and 34.4 respectively. P-values of patients’
age between any two of these three groups are far smaller than 0.01 implying that differences of age
are statistically significant. It is consistent with acknowledge that older patients are more likely to be
severe. Association between severity and gender was tested by chi-square and statistically significant
difference was observed with P value equaling 0.02.

Figure 7 shows dynamic changes of these three severity groups and corresponding P values are
displayed in Table 3. Although majority of P values in Table 3 are larger than 0.05, statistically
significant difference still exists. Neutrophils are the most abundant immune cells in human blood and
activation of it is highly activated processes in SARS infection [27, 28]. Recruitment of neutrophils
was found in immune response triggered by SARS-CoV-2 [29]. In previous bioinformatic study, an
increasing trend of neutrophils was found in immune response triggered by SARS-CoV-2 and could be
considered as an indicator of severe respiratory symptoms and a poor outcome in patients with COVID-
19 [30-32]. For patients released from hospital, significant difference was observed in neutrophils
between mild and moderate groups. It is probably that more efforts were put on severe patients and
neutrophils of moderate patients were slightly neglected in hospital, leading to that severe patients
were as good as mild patients in neutrophils but moderate patients were not. It suggests that moderate
patients should be paid equal attention to with severe patients in neutrophils. However, for those four
indicators shown in Fig. 7, there is not statistically significant between mild and severe groups.

3.2.3. Tendency of data group divided by underlying disease

Hypertension, diabetes, cardiovascular disease (CVD) and chronic obstructive pulmonary disease
(COPD) were four main underlying diseases among 268 patients, and 57 patients had at least one of
them. Mean age of 57 patients is 57.9 and half of them are male. P values of each indicator were
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Table 3
P values of four indicators in nine durations
0 25 50 75 100 125 150 175 200
WBC (mild & moderate) 0.43 0.003 0.01 - 0.39 0.79 - 2.98e-05  0.69
WBC (moderate & severe) 0.35 0.0001 0.05 - 0.25 043 - 0.002 0.80
WBC (mild & severe) 0.25 0.37 0.89 - 0.69 0.13 - 0.53 0.82
Neutrophils (mild & moderate) 0.89 0.002 0.02 - 0.03 0.002 - 6.40e-08  0.75
Neutrophils (moderate & severe) 0.41 2.0e-05 0.03 - 0.07 0.05 - 8.99¢-07 0.75
Neutrophils (mild & severe) 0.67 0.31 0.8 - 0.88 0.12 - 0.92 0.94
Lymphocytes (mild & moderate) 0.02 0.03 0.19 - 0.002 1.54e-07 - 0.28 0.14
Lymphocytes (moderate & severe) — 0.14 0.12 0.73 - 0.12 2.26e-07 - 0.6 0.24
Lymphocytes (mild & severe) 0.01 0.86 0.52 - 0.30 0.22 - 0.18 0.61
NLR (mild & moderate) 0.13 0.37 0.83 - 0.0002  3.04e-06 - 0.001 0.32
NLR (moderate & severe) 0.86 0.03 0.45 - 0.008 0.0002 - 5.90e-05 0.39
NLR (mild & severe) 0.05 0.36 0.50 - 0.33 0.13 - 0.27 0.96

calculated between patients with and without the underlying disease, and part of them are shown
in the Table 4. Few patients had COPD and CVD resulting in many missing values in the table.
Four indicators, T helper lymphocyte% (THL%), CD3 + CD4 + CD8 + lymphocyte count, IL-6 and
CD3 +CD4 + CD8 +/CD45 +did not show statistically significant difference for all four underlying
diseases in majority of time intervals. Inversely, NLR showed statistically significant under both Hyper-
tension and COPD, and is suggested to be added as an indicator in routine hematologic parameters for

patients with underlying diseases.
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Table 4
P values of several indicators after discharge under four underlying diseases
0 25 50 75 100 125 150 175 200
Hypertension
T helper lymphocyte% 0.15 0.55 0.07 0.50 0.003 0.02 - 0.001 -
CD3 + CD4 + CD8 +lymphocyte count 0.76  0.17 0.87 0.88 0.57 0.94 - 0.02 -
NLR 0.20 8.5e-11 8.07e-08 0.0004 1.80e-10 1.6e-06 — 0.97 -
IL-6 023 080 6.68¢e-05 0.91 0.21 0.73 - 0.39 -
CD3 +CD4 + CD8 +/CD45+ 095 0.01 0.35 0.12 0.51 0.26 - 0.29 -
T lymphocyte% 0.53 0.1 0.4 0.39 0.02 0.26 - 0.001 -
Neutrophils 0.22 0.0001 1.09e-05 0.08 2.52e-11 2.1e-08 - 93e-09 -
WBC 045 0.21 0.006  0.003 4.56e-07 2.3e-07 - 3.0e-10 -
CRP 0.9  0.007 0.013 - 0.0002 7.8e-07 - - -
Diabetes
T helper lymphocyte% 041 3.4e-05 0.15 0.05 1.1e-06 0.0003 - 9.4e-06 0.06
CD3 + CD4 + CD8 + lymphocyte count  0.92  0.04 0.93 0.88 0.17 0.98 - 0.25 0.70
NLR 0.70  0.91 0.21 0.0004  0.37 0.23 - 0.08 0.19
IL-6 0.86 0.15 2.0le-11 091 0.03 0.88 - 0.36 0.06
CD3 + CD4 + CD8 +/CD45+ 0.54 0.05 0.85 0.12 0.43 0.9 - 1.0 0.65
T lymphocyte% 0.84 0.04 0.77 0.4 0.03 0.27 - 0.36  0.001
Neutrophils 049 0.14 0.06 0.08 0.10 0.13 - 3.5e-15 0.1
WBC 048 0.03 0.06 0.003 0.03 0.01 - 1l4e-13 0.16
CRP 0.63 0.39 0.03 - 0.38 0.62 - - -
CVD
T helper lymphocyte% - - 0.69 - 0.12 0.22 - - -
CD3 + CD4 + CD8 + lymphocyte count  — - 0.44 - 0.10 0.83 - - -
NLR 0.06 3.7e-10 0.26 - 0.29 0.79 - - -
IL-6 - - - - 0.87 0.99 - - -
CD3 + CD4 + CD8 +/CD45+ - - 0.34 - 0.36 0.82 - - -
T lymphocyte% - - 0.03 - 1.9e-05 0.03 - - -
Neutrophils 0.48 0.0003 0.57 - 0.03 6.9e-06 - - -
WBC 097 0.07 0.91 - 0.0004  1.0e-08 - - -
CRP 0.74 0.72 0.75 - 0.67 0.83 - - -
COPD
T helper lymphocyte% - 0.07 0.05 - - 0.02 - - -
CD3 + CD4 + CD8 + lymphocyte count  — 0.32 0.6 - - 0.3 - - -
NLR - 0.0002 0.0002 - - 9.4e-07 - - -
IL-6 - 0.96 0.54 - - 0.62 - - -
CD3 + CD4 + CD8 +/CD45+ - 0.27 0.93 - - 0.37 - - -
T lymphocyte% - 0.17 0.26 - - 0.013 - - -
Neutrophils - 1.8e-06 0.001 - - 1.8e-07 - - -
WBC - 6.23-05 0.02 - - 0.001 - - -
CRP - 0.77 0.77 - - 0.82 - - -

3.2.4. Tendency of data group divided by gender

According to N. Gadi et al. [33], with respect to infections and vaccinations, female is equipped with
stronger immune responses and outlive male. Additionally, SARS-CoV-2 infection is more likely to
trigger a sex-based differential immune response [34]. Therefore, in order to explore whether gender
is an effecting factor, patients were divided into male and female groups for analysis. Figures in this
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Fig. 8. Five indicators that male recovered better.

section always have a gap of shadow at duration of 75 days on the “male line” (orange line) which is
caused by the fact that only two male patients were included in that period and the 95% confidence
interval could not be estimated. More importantly, to analyze the differences of hematologic parameters
between males and females, effects of age should be eliminated first. Means of age in male and
female groups both are equal to 45 and P value between their ages is 0.99. Nevertheless, statistically
significant was observed in durations of “50”, “75”, “100” and ‘“200”, so demonstrating the effect of
gender requires further test to eliminate noisy effects of age first, which was carried out in following
content.

Like Fig. 5, Fig. 8 shows that changes of WBC, neutrophils and lymphocytes still have the similar
tendency in both male and female cases. For WBC, orange line dominated the blue line through all
the time, and P values between males and females were smaller than 0.05 except duration equaling
25, 50, 175. Neutrophils were in same pattern, but lymphocytes were not. As shown in the sub-figure
of lymphocytes below, orange line and bule line intersected three times and P values fluctuated across
0.05 four times. In general, males recovered better in WBC, neutrophils, monocytes and CK than
females. Moreover, the tendency of both men and women in monocytes and CK indicators were nearly
similar. Of note, the mean value of CK in the male group had high volatility in duration of both 100
days and 175 days. With respect to duration of 100 days, males’ mean increased to nearly 300, which
was 50% higher than the upper bound of the normal value range and still had a large volatility at the
same time. P values of these five indicators are displayed in Table 5.

With the aim of eliminating effect of age in each duration, gender was chosen as control variable
during analysis. Due to that number of females is larger than that of males in dataset, female patients
were selected and divided into three subgroups, young (< 30 years), middle (30 years < and < 60 years)
and old (=60 years). In Table 5, P values of blood test indicators between sex-specific groups as well as
age-specific subgroups are displayed, e.g., “WBC(male/female)” represents P values of WBC between
men and women, and “wbc_female(0-30/30-60)” represents P values of WBC between young and
middle female patients. The age effect could be excluded in CK indicator, because almost all P values
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Table 5
P values of indicators that male recovered better
0 25 50 75 100 125 150 175 200
WBC (male/female) 0.03 0.19 0.16 2.2e-06 1.2e-08 1.3e-12 - 0.07 0.001
wbc_female (0-30/30-60) 0.88 0.45 2.4e-06 - 2.57e-07 0.18 9.0e-08 0.34 -
wbc_female (30-60/60-90) 0.35 0.18 0.74 0.53 0.74 0.99 0.07 0.49 0.24
wbc_female (0-30/60-90) 0.52 0.78 3.24e-07 - 1.34e-07 0.18 3.8¢-08 0.09 -
Neutrophils (male/female) 0.03 0.10 0.35 0.0004  6.9e-07 7.46e-10 - 0.075 0.002
neutrophils_female (0-30/30-60) 0.35 0.34 0.003 - 0.003 0.001 1.9e-05 0.70 -
neutrophils_female (30-60/60-90) 0.43 0.21 0.67 0.38 0.77 0.82 0.08 0.77 0.33
neutrophils_female (0-30/60-90) 0.15 0.07 0.0007 - 0.002 0.001 0.0002 0.50 -
Lymphocytes (male/female) 0.51 0.003 0.07 0.002 0.1 0.17 - 0.26 0.29
lymphocyte_female (0-30/30-60) 0.006 1.78e-06  2.59¢-08 - 1.26e-10 6.54e-06 1.8e-08 0.08 -
lymphocyte_female (30-60/60-90) 0.79 0.77 0.62 0.87 0.72 0.43 0.43 0.30 0.72
lymphocyte_female (0-30/60-90) 0.09 1.85e-05 5.68e-06 - 7.28e-11  0.0001 1.8e-06  0.008 -
Monocytes (male/female) 1.32e-05 2.83e-12  3.38e-09 0.04 1.13e-23  5.05e-32 - 2.15e-12 0.0004
monocytes_female (0-30/30-60) 0.68 0.07 0.01 - 3.90e-12 0.7 0.0002 0.09 -
monocytes_female (30-60/60-90) 0.24 0.96 0.02 0.69 0.2 0.33 0.48 0.08 0.36
monocytes_female (0-30/60-90) 0.57 0.09 5.53e-06 - 2.15e-14 0.85 0.004 0.003 -
CK (male/female) 0.002  8.67e-05 1.2¢-05 0.55 0.19 7.77e-05 - 0.003  4.03e-05
ck_female (0-30/30-60) 0.16 0.27 0.21 - 0.0001 0.14 0.41 0.39 -
ck_female (30-60/60-90) 0.52 0.74 0.26 0.59 0.13 0.11 0.08 0.08 0.72
ck_female (0-30/60-90) 0.07 0.51 0.64 - 0.004 0.02 0.14 0.83 -
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Fig. 9. Two T subset indicators that female recovered better.

were larger than 0.05 between age-specific subgroups when CK in males are statistically different with
those of females.

Inversely with what had been mentioned above, in Fig. 9, THL% and CD3+CD4+CDS8+
Iymphocyte count showed higher values in the female group than that in male group through all
time periods. The values of THL% are very closed between male and female at duration of 75 and 200
due to only one male data including in these durations which were not considered in analysis. Similar
with Table 5, relevant P values are listed in Table 6. THL.% and CD3 + CD4 + CDS + lymphocyte count
are two important parameters in T lymphocyte subsets. Female recovered better than male in these
two indicators implied that: The resuming ability of COVID-19 patients’ immune systems in female
is better than that in male, being consistent with S. Jaillon et al. and N. Gadi et al. [18, 33].
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Table 6
P values of two indicators that female recovered better
0 25 50 75 100 125 150 175 200
T helper lymphocyte% (male/female) 0.003 6.13e-07 3.12e-05 - 2.75e-10 2.12e-08 - 2.84e-09 0.51
T helper lymphocyte% _female(0-30/30-60) 0.07  0.05 078 - 073 0.08 8.4de-15 7.77e-06  —
T helper lymphocyte% female((30-60/60-90) 0.51 0.52 0.36 1 0.25 0.34 1.0 0.9 1.0
T helper lymphocyte% _female((0-30/60-90) 049  0.19 082 - 046 022 84e-15 1.5e-5 -
CD3 + CD4 + CD8 + lymphocyte count (male/female) 022 0.75 0.01 - 049 0.44 - 0.001  0.0001
CD3 + CD4 + CD8 + lymphocyte_female (0-30/30-60)  0.89 3.85e-05 0.85 - 0.002 0.003 0.38 0.04 -
CD3 + CD4 + CD8 + lymphocyte_female (30-60/60-90) 0.11 0.24 0.85 1 0.85 0.69 1.0 0.83 1.0
CD3 + CD4 + CD8 + lymphocyte_female (0-30/60-90)  0.62 1.42¢-05 0.81 - 0.001 0.01 0.38 0.06 -

3.2.5. Tendency of data group divided by age

268 patients were assigned into old and non-old groups by age and 60 was chosen as cutoff. With
95% confidence level, six indicators shown in Fig. 10 are less volatility in non-old group than that in
old group (green shadow narrower than blue shadow). As common sense, health condition of young
patient is more stable than that of old patient and stronger to resist external infection. Be consistent
with what have been mentioned in Section 3.2.1, AVTL, TSLAC and CD45 + lymphocyte count of old
group changed in similar pattern. The curve of old group for all these three indicators dropped below
lower bound at 75 days after hospital discharge. Besides, curve of CD45 + lymphocyte count for old
group crossed lower dotted line four times within 100 days after hospital discharge. These phenomena
above indicated that patients with age over 60 years would be more sensitive to COVID-19 which could
still have effects on them after released from hospital for a period (more than 2 months). Basophils and
LDH crossed upper and lower bound respectively in the time series. It may be sequela of COVID-19
or perhaps other external effects requiring further data to support analysis.

3.3. Tendency of dynamic changes analysis for volume ratio of lung lesions

Same with that of Section 3.2, analysis of lung lesions absorbing process was carried out for the
whole 268 patients as well as divided them into subgroups by age, gender and underlying disease.
Figures in this section were plotted with means of ratios (circles) and one standard deviation (vertical
lines).

3.3.1. Tendency of lung lesions changing on overall patients

With the time going on, volumes of lesions kept decreasing on both left and right lungs indicating
process of recovery and ratios of volumes were closed to zero at 100 days. Whereas significant dif-
ferences were observed between right and left lungs. As indicated by Fig. 11 and Table 7, volumes
of lung lesions on right side were bigger than that on left which is statistically significant at date of
hospital discharged and first two periods.

3.3.2. Tendency of lung lesions changing on patients divided by gender

The 268 patients were also divided into male and female subgroups with purpose of exploring
whether volumes of lung lesions caused by COVID-19 would be different between genders, and the
results are shown in detail in Fig. 12 and Table 8. For both male and female, mean volumes of right
lung lesions were always bigger than that of left lung and significant differences between them were
observed at discharged date and first period. In addition, right lung of male recovered to the same
health level with left lung faster than that of female, due to that statistical significance was observed
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Fig. 10. Six indicators show the difference between old and not old groups.

in female but not in male after first period. However, differences between volumes of lung lesions for
female and male were not significant not only in left lung, but also in right lung.

3.3.3. Tendency of lung lesions changing on patients divided by age

Definitely, age is an unignorable factor in researching of infectious diseases including COVID-19.
The whole patients were assigned into three subgroups age_30, age_60 and age_90 which represented
ages of patients in the subgroups are smaller than or equal to 30, larger than 30 but smaller than or equal
to 60 and larger than 60 but smaller than or equal to 90 respectively, and were named young group,
middle group and old group in order. As the Fig. 13 showing, In the young group, differences of lesions
volumes between right and left lungs were not significant through the whole time series since hospital
discharged (P values > 0.05 for all time). When comparing across subgroups, a regular phenomenon
was found. Comparing young and middle groups, there are significant differences in volumes of lesions
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Table 7
P values of lesions volumes of left and right lungs overall
0 25 50 75 100 125 150 175 200
P value 0.003 0.0003 0.0012 0.39 0.42 0.87 0.57 0.11 -

for both left and right lungs at date of discharged (Pief jung Value 0.001; Prigh¢ jung value: 0.003) and
first period (Piefi jung value 0.0004; Prighe 1ung value: 0.0003). With respect to contrasting middle and
old groups, except in the date of discharged and first period, statistical significance of lung lesions
volumes was also observed in second period (Pief; jung Value 0.002; Pyigh jung Value: 0.001). In addition,
statistical difference of lung lesions volumes was also existing in fourth period (P values are 0.03),
besides in date of discharged and first two periods (third period did not have P value due to lacking
data), for young and old subgroups.

3.3.4. Tendency of lung lesions changing on patients divided by underlying disease

As mentioned in 3.2.3, 57 patients had at least one underlying disease of hypertension, diabetes,
CVD and COPD before infected COVID-19. Only one and four of them suffered from COPD and CVD
respectively and these two diseases were not considered during analyzing. In Fig. 14, hypertension was
chosen as an instance, volumes of lung lesions for patients with underlying diseases were bigger than
that for patients without underlying diseases and statistical significance was observed until the third
period. Moreover, comparing volumes of lesions between left and right lungs, statistical significance
was observed in patients with underlying diseases at date of discharged (P value: 0.001) and first two
periods (P values: 0.002; 0.04) which is consistent with results in section 3.3.1.

4. Discussion

Monitoring the health condition of patients discharged from hospital for a period of time is meaning-
ful for not only researching continuous effects of COVID-19 on recovery, but also assisting treatment
of COVID-19 in hospital. Furthermore, potential threats of COVID-19 were overestimated which
had resulted disorder in mental health, especially for anxiety and depressive individuals [35, 36].
A deeper understanding of residual effects of COVID-19 is an effective way to reveal its potential
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Fig. 12. Tendency of lung lesions changing for gender-based subgroups.

Table 8

P values of left and right lung lesions volumes for gender-based subgroups

0 25 50 75 100 125 150 175 200
Left and right lungs of female 0.05 0.01 0.01 0.43 0.9 0.06 0.57 0.15 -
Left and right lungs of male 0.02 0.01 0.14 - 0.29 0.67 - 0.24 -
Left lungs of female and male 0.37 0.95 0.56 - 0.5 0.19 - 0.51 -
Right lungs of female and male 0.67 0.88 0.88 - 0.91 0.52 - 0.48 -

threats and avoid disorder in mental health. In this study, multiple statistical investigative methods,
such as chi-square test, t-test, linear regression and interval estimation, were used to explore changes
of hematologic parameters and volume of lung lesions after discharged. As the result, all laboratory
measured data (hematologic parameters and CT images) showed that residual influence and prognosis
of COVID-19 pneumonia depends on many factors (e.g., age, gender, severity, underlying diseases,



D.Y. Huang et al. / Longitudinal changes of laboratory measurements after discharged 759

—$~— ratio of lesions volumes on left lung in young gourp

2 %~ ratio of lesions volumes on right lung in young gourp
5 —4— ratio of lesions volumes on left lung in middle gourp
—— ratio of lesions volumes on right lung in middle gourp
10 —4— ratio of lesions volumes on left lung in old gourp
—4— ratio of lesions volumes on right lung in old gourp
5 4
0 MAd |
-5
o 2% 50 ™ 100 125 150 175 200
3 F 15 -
—&— ratio of lesions volumes on left lung in young gourp —— ratio of lesions volumes on left lung in middle gourp
#— ratio of lesions volumes on right lung in young gourp —4— ratio of lesions volumes on right lung in middle gourp
2 10
1
\—- 5
0 N ——
0
-1
0 5 50 n 100 125 150 175 200 0 2 50 n 100 125 150 175 200
=+ ratio of lesions volumes on left lung in old gourp —$— ratio of lesions volumes on left lung in young gourp

—¥— ratio of lesions volumes on left lung in middle gourp
—— ratio of lesions volumes on left lung in old gourp

—4— ratio of lesions volumes on right lung in old gourp

0 ] 50 n 100 125 150 175 200 0 % 50 n 100 125 150 175 200

4~ ratio of lesions volumes on right lung in young gourp

2 —4— ratio of lesions volumes on right lung in middle gourp
15 —— ratio of lesions volumes on right lung in old gourp
10

5

. L |

0 [ 5| ot i = r*

5
0 % 50 1] 100 125 150 175 200

Fig. 13. Tendency of lung lesions changing for age-based subgroups.

side of lung and so on) and should be discussed case by case. According to this study, criterion of
hospital discharge and healthcare strategy for hospital released patients should be flexible in different
cases instead of uniform.

Regardless of patient’s age and gender, it is better to do routine blood test many times within one
month to monitor the recovery condition of the immune system. Be consistent with the study of C.
Munayco et al. [37], female patients recovered better in T lymphocyte subset from COVID-19 than
male after discharge, especially in T helper lymphocyte%, implying that residual effects of COVID-19
are also sex-based differentiated. In clinical treatment, male should take blood test more frequently
than female to monitor recovery process of T lymphocyte subset. Part of lymphocyte subsets of older
patients (> 60 years) kept near or even dropped below lower bound of normal range within 75 days after
released from hospital implying that discharge standard should be stricter for older patients to keep them
in clinical care until their hematologic parameters keep in normal range stably. Clinician should pay
equal attention to moderate and severe patients in clinical treatment, especially in neutrophils. CRP and
IL-6, resuming at discharged, could be considered as marker to help in identifying whether patients
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Fig. 14. Tendency of lung lesions changing for age-based subgroups.

could be released from hospital. It observed a statistically significant difference in CK parameters
between gender-specific groups through all the time, and CK in males dominated those in females.
Besides, CT images of lungs provide an opportunity to explore COVID-19 effects on human health
after hospital discharged intuitively. COVID-19 side-preference property on lung was discovered not
only during hospitalization [13], but also after hospital discharge. The work of J. Li et al. [13] pointed
out a positive correlation between size of right lung lesions and mortality risk. Consistently, lesions on
right lung are harder to recover than that on left in the recovery phase. In this study, we found that right
lung was more likely to be affected by COVID-19 than left lung and needed at least 50 days to recover
to the same health condition as left lung, except patients younger than 30 years old. A reasonable
explanation was provided by W. Luo et al. [38] that right lung is more likely to suffer hemorrhage in
COVID-19. In addition, short, wide and straight path of right bronchus and oxygen distribution ratio
might result in right lung sensitivity [38, 39]. Both in clinical treatment and care, right lung of patients
over 30 years old recovered from COVID-19 slowly and some assistance could be carried on by clinician
if needed. For both left and right lungs, old patients (age > 60) required at least 50 and 100 days to
achieve the same health conditions with middle age (60 > age >30) and young patients (age < 30), and
middle age patients need 25 days to reach the same health levels with young patients. Compared with
patients not suffering any underlying diseases, patients with underlying diseases recover slower in lung
lesions and need at least 75 days to reach the same health level. Because all hematologic parameters
have stayed in normal range stably when volume ratio of lesions getting close to 0, the lesions on lung
totally disappear could be considered as an indicator of full recovery of COVID-19 after discharge.

5. Conclusions

After analyzing hematologic indicators and lung CT images of 268 patients by dividing them into
groups depending on severity, gender, age and underlying disease respectively, we found that residual
effects of COVID-19 on discharge patients were differentiated under different cases. It is better to
suggest that Criterion of hospital discharge and strategy of clinical care should be flexible in different
cases instead of uniform. Specifically, male was recommended to take more times blood test than
female and the time length of monitoring elderly patients should be not less than three months. Left
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and right lungs would be affected by COVID-19 unequally and always need more than one or two
months for right lung recover as health as left lung. Overall, lesions on both right and left lungs needed
at least 125 days to disappear which could be considered as indicator of full recovery from COVID-19.
Revealing remaining effects of COVID-19 is an effective way to eliminate disorder of mental health
caused by COVID-19 infection.
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