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Background: Preumocystis pneumonia (PCP) has a high mortality in HIV-negative immunocompromised patients. The occurrence
and development of PCP are believed to be correlated with the level of lymphocytes and their subsets. The aim of this study was to
determine if the levels of lymphocyte subpopulations and immunoglobulin are associated with PCP.

Methods: A total of 74 immunocompromised patients were enrolled in this single-center cohort study. Diagnosis of PCP was based on the
relevant pulmonary symptoms and radiological imaging, and the detection of Pneumocystis jirovecii in BAL fluid or biopsy tissue by
metagenomic next-generation sequencing (mNGS). All patients were divided into two groups (PCP group and non-PCP group) and the
patients in PCP group were then divided into two groupsbased on the outcome of the disease during the hospitalization.

Results: We observed a significant lower level of IgG (p=0.000) and B lymphocyte counts (p=0.017) in the PCP group comparing to
that in the non-PCP group. CD4+ T cell counts, as well as the ratio of CD4+/CD8+ T cells in circulation and BAL fluid were also
lower in the PCP group comparing to those in the non-PCP group. Lactate dehydrogenase (LDH) in the PCP group was significantly
higher than that in the non-PCP group (p=0.029). In the PCP group, a lower level of total lymphocytes (p=0.004), T cells (p=0.001),
CD4+ cells (p=0.001), and CD8+ cells (p=0.007), as well as the proportion of lymphocytes in BAL fluid (p=0.000) were found in
deceased patients comparing to those in the survived group.

Conclusion: Our study revealed an important role of humoral immunity in the infection of Pneumocystis jirovecii. The level of
B cells and IgG could be used as a supplement to predict the occurrence of PCP. The level of CD4+ and CD8+ lymphocytes was
significantly correlated with the outcome of PCP.
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Introduction

Pneumocystis jirovecii pneumonia (PCP) caused by Preumocystis jirovecii is a life-threatening opportunistic fungal disease in
immunocompromised patients. The overall mortality of PCP is estimated to be 20-30%" and the in-hospital mortality rate is
32-65.6% in HIV-negative patients.” The incidence of PCP is increasing significantly among non-HIV subjects due to the
use of corticosteroids or immunosuppressants. The exact pathophysiology of PCP remains unclear, but it is believed that
lymphocytes play a critical role in the disease development. A previous study suggested that CD4 + T lymphocyte counts
might be a useful clinical marker to evaluate the risk for PCP in immunosuppressed patients.° When the count of CD4+ T cells
is below 200 cells/uL, the risk of PCP is significantly increased.” High levels of CD8+ Tc1, low proportion of effector CD8+
T cells in blood" and a high frequency of CD4+ Th1 cells in blood" or bronchoalveolar lavage (BAL) fluid® could be protective
against PCP. In contrast, CD8+ Tc9 in BAL fluid could be detrimental to PCP patients.®
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Even though cell-mediated immunity is more frequently emphasized, humoral immunity also plays an important role
in the defense against Pneumocystis infection. B lymphocytes can produce antibodies and elicit T-cell immunity in
patients with PCP.>"!! Previous studies have shown that PCP can occur in patients receiving anti-CD20 antibody (such as
rituximab) therapy.'? Patients with severe hypogammaglobulinemia were predisposed to a higher incidence of opportu-
nistic infections.'® The immunoglobulin production may be altered due to the changes in the B cells’ functions. The aim
of this study was to determine if the levels of lymphocyte subpopulation and immunoglobulin are associated with the
occurrence and severity of PCP in HIV-negative immunocompromised patients.

Methods

A total of 74 immunocompromised patients in Tianjin Medical University General Hospital were enrolled between
August 2019 and February 2022. The inclusion criteria were as follows: (1) patients older than 18 years old; (2) ICU
admission due to respiratory insufficiency; (2) negative serum HIV tests; (3) patients with one or more known causes of
immunosuppression (chemotherapy for solid or hematologic cancer, bone marrow or solid organ transplantation,
Immunosuppressive or corticosteroid therapies for autoimmune disease).

Patients were divided into PCP (n=44) and non-PCP (n=30) groups. Diagnosis of PCP was based on (1) the presence of
relevant pulmonary symptoms (progressive dyspnea, fever, and/or cough); (2) radiological imaging consistent with PCP
(ground glass opacities or abnormalities of interstitial lung tissue); and (3) detection of Preumocystis jirovecii in BAL fluid or
biopsy tissue by Metagenomic next-generation sequencing (mNGS) test. mNGS was performed within 24 h after the sample
was obtained. DNA was extracted from of BAL fluid samples and lung tissue samples. DNA libraries were constructed
through a process of DNA fragmentation, end-repair, adapter ligation, and PCR amplification. Agilent 2100 was used for
quality control of the DNA libraries. The connector sequences, low-quality sequences and sequences from human genome
were removed. The remaining sequences were aligned to the microbial genome database including genome sequences from
16,834 microbes (7982 bacteria, 7811 viruses, and 124 parasites).14 Patients diagnosed with PCP were then divided into
survived group (n=31) and deceased group (n=13) according to the outcome of the disease during hospitalization.

The clinical data of patients including age, sex, and medical history were collected. The illness score was obtained by
the Sequential Organ Failure Assessment (SOFA) on the day of admission. BAL fluid and blood samples were collected
on the day of the diagnosis of PCP. Lymphocytes in BAL fluid and blood were characterized by flow cytometry following
routine procedure. CD45-PerCP, CD19-APC, CD16-PE, CD56-PE, CD3-FITC, CD4-APC, and CDS8-PE monoclonal
antibodies were used according to the manufacturer’s instructions. Patients’ EDTA blood samples were stained by
incubating with antibodies for 15 min. After lysis of erythrocyte and PBS washes, the samples were resuspended and
measured on the flow cytometer (CytoFLEX, BECKMAN COULTER, USA). Analyses were performed by using
CytExpert software (BECKMAN COULTER, USA). T lymphocytes were identified as CD3+/CD45+. B lymphocytes
were identified as CD19+CD3-/CD45+. NK lymphocytes were identified as CD16+56+CD3-/CD45+."> The gating
strategies of phenotype analysis of lymphocytes were shown in Figure 1.

Statistical analyses were performed using the IBM SPSS Statistics version 25. The distribution normality of all
continuous variables was assessed by the Shapiro—Wilk test. Variables with normal distribution were presented as means
+ standard deviation and analyzed by the Student’s #-test, otherwise as medians (with interquartile ranges) and analyzed by
the Mann—Whitney U-test. Categorical variables were presented as percentages of the total and analyzed by the Chi-square
test or Fisher’s exact test. A two-tailed P-value of <0.05 was considered statistically significant. The best thresholds for
covariates with P < 0.05 were evaluated by receiver operating characteristic (ROC) curves and areas under the ROC curves
(AUCs). For parameters that were significant based on univariate analyses, we used stepwise, forward logistic regression to
test the influence of independent variables. A two-tailed P<0.05 was used to indicate statistically significant.

Results

Among the 74 immunocompromised patients, 44 patients were diagnosed with PCP, while the remaining 30 patients
were included in the non-PCP group (Table 1). There was no significant difference in age, sex, underlying immuno-
suppressive diseases, the use of immunosuppressive agents, or the SOFA score between the PCP group and non-PCP

group.
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Figure | The gating strategies of phenotype analysis of lymphocytes.

Results of routine blood examination were also not significantly different between the two groups. The level of lactate
dehydrogenase (LDH) in the PCP group was significantly higher than that in the non-PCP group (433.32+191.88 VS
326.83+209.34 U/L, p=0.029). The level of immunoglobulin (IgG) in the PCP group was significantly lower than that in
the non-PCP group (667.22 VS 1117.75mg/dL, p=0.000). We then analyzed the subpopulations of lymphocytes and the
results showed that B lymphocyte counts (p=0.017), CD4+ T cell counts (p=0.014), and the ratio of CD4+/CD8+ T cells
(0.83 VS 1.24, p=0.014) in the circulation of PCP group was significantly lower than those in the non-PCP group. In
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Table | Clinical Characteristics and Laboratory Indicators in PCP and Non-PCP Groups

PCP Non-PCP P-value
Patients(n) 44 30
Demographics
Age (year, X £ ) 55.82+16.24 61x13.99 0.159
Male [n (%)] 25(56.82%) 19(63.33%) 0.575
Immunosuppressive conditions
Hematological malignancy [n (%)] 12(27.27%) 8(26.67%) 0.954
Solid tumor with chemotherapy [n (%)] 5(11.36%) 5(16.67%) 0514
Autoimmune disease [n (%)] 27(61.36%) 17(56.67%) 0.686
Immunosuppressive therapies
Corticosteroids® [n (%)] 35(79.55%) 18(60%) 0.067
Cyclophosphamide [n (%)] 5(11.36%) 3(10.0%) 1.000
Mycophenolate mofetil [n (%)] 4(9.09%) 2(6.67%) 1.000
Anticalcineurins [n (%)] 3(6.82%) 1(3.33%) 0.642
Anti-CD-20 agents [n (%)] 5(11.36%) 3(10.0%) 1.000
Anti-tumor chemotherapy [n (%)] 13(29.55%) 11(36.67%) 0.521
SOFA (x £ 5) 3.84+2.88 4.24+3.25 0.582
Leukocytes (*10%/L, X + s) 8.67+3.93 8.13+4.08 0.574
Neutrophils (¥10°/L, X = s) 7.31+3.35 6.65+3.75 0.437
Lymphocytes (¥10°/L, X = s) 0.79+0.75 1.01£0.96 0.295
Monocytes (*10%/L, % = s) 0.42+0.62 0.4+0.23 0.863
Eosinophils [*10%/L, M (Q/, Q3)] 0.01(0, 0.03) 0.01(0, 0.1) 0.588
Basophils [*10°/L, M (QI, Q3)] 0.02(0.01, 0.04) 0.02(0.01, 0.03) 0.222
1gG (mg/dL, X £+ ) 667.22+283.69 1117.75£559.35 0.000
IgA [mg/dL, M (QI, @3)] 146(68.8, 212) 191(110, 342) 0.077
1gM [mg/dL, M (QI, Q3)] 55.65(23.85, 117) 66.1(48.9, 92.2) 0.243
LDH (U/L, x £5) 433.32+191.88 326.83+209.34 0.029
T lymphocytes in blood [cells/uL, M (Q1, Q3)] 417.77(275.65, 730.68) 545.38(356, 845.96) 0.230
B lymphocytes in blood [cells/pL, M (Q/, Q3)] 17.88(0.74, 90.8) 67.81(27.93, 139.74) 0.017
NK lymphocytes in blood [cells/uL, M (Q/, @3)] 50.36(24.39, 122.07) 83.12(49.46, 126.34) 0.162
CD4+ in blood [cells/uL, M (QI, Q3)] 166.2(100.49, 274.79) 295.05(147.87, 423.4) 0.014
CD8+ in blood [cells/uL, M (QI, Q3)] 207.75(130.67, 494.91) | 228.26(149.68, 408.87) 0.943
Ratio CD4+/CD8+ in blood (x =+ s) 0.83+0.65 1.24+0.71 0.014
Ratio CD4+/CD8+ in BAL fluid (¥ £ s) 0.87+0.5 1.25£0.79 0.016
Lymphocytes in BAL fluid (%WBC, x £ s) 20.74£18.15 13.97+14.47 0.103

Note: *2 20mg/day mg of prednisone or equivalent for 2| month.

BAL fluid, we also observed a significantly lower ratio of CD4+/CD8+ (0.87 VS 1.25, p=0.016) in PCP group comparing
to the non-PCP group. ROC curves were performed to determine the best cut-off for all parameters that were statistically
significant between PCP and non-PCP groups (Table 2 and Figure 2). An IgG level of 713.5mg/dL provided the best

Table 2 Accuracy and Predictive Values of ROC Curve Analysis

Threshold | Sensitivity | Specificity PPV NPV +LR -LR | Youden Index | AUC
IgG 7135 78.6% 63.9% 79.3% 62.9% 2.18 0.33 0.425 76.4%
LDH 307.5 72.1% 69% 76.2% 62.5% 2.33 0.40 0411 69.4%
B cells in blood 19.97 84.0% 54.1% 83.3% 55.3% 1.83 0.30 0.381 68.0%
CD4+ cells in blood 290.86 53.6% 83.3% 72.9% 68.2% 3.21 0.56 0.369 67.5%
CD4/CDS8 in blood 0.56 85.7% 47.6% 83.3% 52.2% 1.64 0.30 0.333 70.3%
CD4/CD8 in BAL fluid 0.67 92.9% 42.9% 90.0% 52.0% 1.63 0.17 0.358 69.3%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio; AUC, areas under the ROC curve.
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Figure 2 ROC curves for the performance of different parameters for PCP.

overall accuracy with an AUC of 76.4%. The positive predictive value (PPV) was 79.3% and the negative predictive
value (NPV) was 62.9%. The other thresholds were LDH > 307.5U/L, B cells counts < 17cells/uL, CD4+ cell counts <
290.86cells/uL, CD4+/CD8+ ratio in blood< 0.56, and CD4+/CD8+ ratio in BAL fluid < 0.67. CD4+ cell counts had the
highest specificity with a NPV of 68.2%. CD4+/CD8+ ratio in BAL fluid had the highest PPV, but the NPV was only
52%. We then conducted a stepwise logistic regression to identify the independent associations between PCP and
variables. The results showed that IgG < 713.5mg/dL, CD4+/CD8+ ratio in BAL fluid< 0.67, LDH > 307.5U/L could be
independent risk factors for PCP (Table 3). Within the PCP group, 31 (70.45%) patients survived, while the other 13
(29.55%) patients died during the hospitalization (Table 4). More males failed to survive the infection (45.16% VS
84.62%, p=0.016) comparing to females. SOFA score in the deceased group was significantly higher than that in the
survived group. Other demographics were not significantly different between the deceased group and the survived group.
As for the laboratory parameters, we observed that deceased patients had a significantly higher level of LDH and a lower
level of total lymphocytes, T cells, CD4+ cells, and CD8+ cells, and the proportion of lymphocytes in BAL fluid.

Discussion

PCP is often severe and with high mortality. HIV-negative patients with PCP are usually associated with worse outcomes.
Previous studies focused more on cell-mediated immunity in patients with PCP."**!¢ In this study, we determined the
differences in the proportion of subpopulations of lymphocytes and the level of immunoglobulin between PCP and non-
PCP patients as well as between the survived and deceased PCP patients. Consistent with previous study, we showed that
LDH in the PCP group was significantly higher than that in the non-PCP group, which could be due to the lung injury.'”
However, we showed that there was no significant difference in the counts of total lymphocytes, CD3+ lymphocytes, and

Table 3 Stepwise, Forward Regression Analysis with All Possible Confounders

Dependent Variable OR (95% CI) Standard Error p value
1gG < 713.5mg/dL 14.879(2.119-104.79) 0.994 0.007
CD4+/CD8+ in BAL fluid< 0.67 21.884(1.565-306.064) 1.346 0.022
LDH > 307.5U/L 17.292(2.334-128.104) 1.022 0.005
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Table 4 Clinical Characteristics and Laboratory Indicators in the Survived and Deceased Groups

Survived Deceased P-value
Patients(n) 31 13
Demographics
Age (year, X & 5) 55.58+14.36 56.38+20.72 0.900
Male [n (%)] 14(45.16%) 11(84.62%) 0.016
Immunosuppressive condition
Hematological malignancy [n (%)] 8(25.81%) 4(30.77%) 0.727
Solid tumor with chemotherapy [n (%)] 4(12.90%) 1(7.69%) 1.000
Autoimmune disease [n (%)] 19(61.29%) 8(61.54%) 0.988
Immunosuppressive therapies
Corticosteroids® [n (%)] 25(80.65%) 10(76.92%) 0.780
Cyclophosphamide [n (%)] 3(9.68%) 2(15.38%) 0.623
Mycophenolate mofetil [n (%)] 3(9.68%) 1(7.69%) 1.000
Anticalcineurins [n (%)] 2(6.45%) 1(7.69%) 1.000
Anti-CD-20 agents [n (%)] 3(9.68%) 2(15.38%) 0.623
Anti-tumor chemotherapy [n (%)] 9(29.03%) 4(30.77%) 1.000
SOFA (x £ 5) 2.84+1.73 6.23+3.65 0.006
WBC (*10°/L, X % 5) 8.69+4.16 8.63+3.48 0.964
N (¥10°/L, X £ 5) 7.08+3.4 7.84+3.31 0.501
L (*10°/L, ¥ £ 5) 0.95+0.84 0.43+0.26 0.004
M (*10%L, X + 5) 0.47+0.72 0.31+0.23 0.439
E [*10°/L, M (Q1, Q3)] 0.01(0, 0.04) 0(0, 0.02) 0.339
B [*10°/L, M (QI, Q3)] 0.02(0.01, 0.05) 0.02(0, 0.03) 0.144
1gG (mg/dL, X £5) 651.6+258.71 702.73+345.02 0.625
IgA (mg/dL, X £5) 152.96+95.17 174.22+134.69 0.591
1gM [mg/dL, M (QI, Q3)] 52.2(30.6, 82.5) 78.5(17.4, 126) 0.685
LDH (U/L, X £5) 380.22+167.57 570.5+188.49 0.002
T lymphocytes [cells/uL, M (Q/, Q3)] 446.47(360.42, 890.28) | 267.12(152.91, 325.37) 0.001
B lymphocytes [cells/uL, M (QI, Q3)] 16.81(0.74, 90.8) 42.88(0.34, 111.93) 0.832
NK lymphocytes (cells/pL, X + ) 112.15£115.01 51.3+64.4 0.110
CD4+ (cells/pL, X £5) 254.9+195.74 103.03+£67.46 0.001
CD8+ [cells/pL, M (QI, Q3)] 291.11(155.12, 552.37) 132.74(98.17, 208.96) 0.007
CD4/CDS8 (x + ) 0.88+0.75 0.71+0.35 0.306
CD4/CD8 in BAL fluid (¥ £ s) 0.86+0.57 0.89+0.26 0.864
L in BAL fluid (%WBC, x =+ s) 25.7+19.47 9.68+6.97 0.000

Note: *2 20mg/day mg of prednisone or equivalent for 2| month.

CD8+ lymphocytes between PCP and non-PCP groups. In contrast, we observed that patients with PCP were associated
with a significant decrease of CD4+ T cells in blood and CD4+/CD8+ ratio in both circulation and BAL. Previous results
on the association of CD4+ and CD8+ T cells with PCP remained controversial. Struijk et al'® revealed a significant
reduction of CD4+ cells in non-HIV PCP cases. Li et al'® revealed a lower level of CD8+ cell counts in the PCP group.
Tang et al'” showed that both CD4+ and CD8+ cells were decreased in non-HIV PCP patients. Ling et al showed that
a decrease in CD4+/CD8+ ratio could predict PCP in non-HIV children.?’ However, other studies showed that the level
of CD4+, CD8+ cells, and CD4+/CD8+ ratio could not predict the infection of Pneumocystis jirovecii."**' Such
inconsistency might be due to the different effects of specific CD8+ cell subpopulations, which is warranted for further
investigations.

Previous studies showed that severe hypogammaglobulinemia was correlated with a higher incidence of opportunistic
infections among patients receiving renal®? or heart'® transplantation. We showed that the patients with PCP were
associated with a lower level of immunoglobulin G (IgG), and a level of IgG being lower than 713.5mg/dL could be
a strong factor for the diagnosis of PCP. IgG is one of the most abundant serum proteins secreted by B lymphocytes and
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plays an important role in the adaptive immune response.”> A lower IgG level predisposes to a higher rate of serious

infection events (SIE).** Given that IgG level is decreased in patients following anti-CD20 antibody therapy,*>*

we
hypothesized that the level of IgG is decreased due to the alteration of B-cell functions. Our results showed that B-cell
counts were significantly reduced in patients with PCP, which is consistent with previous studies showing that a count of
B cell <40 cells/pL was more frequent in patients with PCP."” The cut-off for B cell count in our study was 17 cells/uL.
In an animal model, similar results were observed. B cell-deficient mice showed more severe lung damage after infection
with Pneumocystis.” Although our results cannot determine whether the lack of B cells and hypogammaglobulinemia
preceded the infection or developed after PCP, humoral immunity, especially the low level of B cells and IgG should be
taken into consideration during the diagnosis and treatment of PCP.

We also showed that total lymphocytes in deceased patients were lower than those in the survived patients, which was
consistent with previous studies.®'*?” CD3+ lymphocytes include all types of T-lymphocytes and our results showed that
the counts of CD3+ cells in deceased patients were significantly lower than those in the survived patients, which is
consistent with previous studies.'” Another report suggested that a count of CD3+ cells < 300 x 1076 cells/L was
correlated with recurrent severe infections.?®

With regard to the subpopulations of T lymphocytes, we found a significant reduction of CD4+ and CD8+ cells in the
deceased patients comparing to those in the survived patients. CD4+ cells were believed to be critical for Pneumocystis
Jjirovecii clearance.”” Several studies have suggested that lower CD4+ T cell counts are associated with poor outcomes in
patients with PCP.?’>° CD8+ cells were also found to have a positive effect during the infection.'” Fan et al*® found that
CD8+ counts <300 cells/uL. were associated with a significantly higher in-hospital mortality. In murine models, CD8+
lymphocytes were believed to be a protective factor in response to Prneumocystis jirovecii during the depletion of CD4+
lymphocytes.®’ During the infection, high number of CD8+ lymphocytes was recruited to the lung and may provide
a potent protective effect by increasing the level of interferon-gamma (IFN-y).*!*?> However, some other animal studies
showed a dual role of CD4+ and CD8+ cells during the infection.?*** This may be explained by the different effects of
particular subpopulations of CD4+ and CD8+ cells. Previous studies suggested that CD4+ Th1'** and CD8+ Tc1'* play
a protective role in PCP. However, a higher level of CD8+ Tc9® in the lung could be detrimental. Therefore, further
studies with the subsets of CD4+ and CD8+ cells are needed to identify the exact effects of different subsets of CD4+ and
CD8+ on PCP. Our results indicated that the level of CD3+, CD4+, and CD8+ lymphocytes could be associated with the
outcome of PCP.

There were several limitations in our study. First, our study was performed on a small number of patients. The results
need to be verified by larger cohorts. Second, we did not examine the subpopulations of CD4+ and CD8+ lymphocytes.
Further mechanistic studies are needed to determine the exact role of the subsets of T cells. Third, as a retrospective
study, we could not determine whether the difference between groups precede the infection or the difference is caused by
PCP. Thus, prospective studies with a larger patient cohort on a multi-center are needed to differentiate these two
possibilities.

Conclusion

Collectively, we revealed that the level of B cells and IgG could be used as a supplement for the diagnosis of PCP, which
also indicated an important role of humoral immunity during the infection. Monitoring of B cell number and IgG level
can complement with other indicators in the assessment of PCP risk in non-HIV patients. Additionally, the data of our
study suggested that there is a correlation between the level of T lymphocytes, especially CD4+ and CD8+ lymphocytes
and the outcome of PCP. However, the role of the subsets of CD4+ and CDS8+ cells in patients with PCP needs further
investigation.

Data Sharing Statement

The data will be available on a reasonable request from the corresponding author.
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