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Abstract

Objective: To investigate the characteristic changes in T lymphocyte subpopulations in bronchoalve-
olarlavage fluid (BALF) of children with Mycoplasma pneumoniae pneumonia (MPP) and analyze their
clinical significance. Methods: A total of 80 children with MPP admitted to our hospital from October
2023 to October 2025 were selected as study subjects and divided into a mild group (n = 45) and a
severe group (n = 35) based on disease severity. Flow cytometry was employed to measure the per-
centages of CD3+, CD4+*, and CD8* T lymphocytes in the bronchoalveolar lavage fluid (BALF) of both
groups. Binary logistic regression analysis was conducted to identify influencing factors, and a simpli-
fied predictive model was constructed using forward stepwise regression (with inclusion cutoff at a =
0.05 and exclusion cutoff at « = 0.10). Results: The lactate dehydrogenase (LDH) level was significantly
higher in the severe group compared to the mild group (P < 0.05). The BALF levels of CD3+ and CD4+
were lower in the severe group, while CD8* levels were higher (P < 0.05). Full-variable logistic re-
gression revealed that BALF CD4+ was a protective factor for severe disease (OR = 0.703, 95% CI:
0.533~0.928,P =0.013); BALF CD8* (OR=1.169,95% CI: 0.960~1.423,P = 0.121) and LDH (OR = 1.030,
95% CI: 0.996~1.066, P = 0.083) showed no statistically significant associations. After stepwise regres-
sion screening, the final model included only BALF CD4+ cells, yielding a simplified predictive model:
Logistic regression equation (P) =11.725 + (-0.350) x BALF CD4*. The Hosmer-Lemeshow testyielded
a x2 value of 4.102 with P = 0.848; this model demonstrated an AUC of 0.845 (95% CI: 0.762~0.928)
and a Joenson index of 0.680 for predicting severe MPP. Using a cutoff value of 0.438, the sensitivity
and specificity were 85.71% and 82.22%, respectively. Conclusion: BALF samples from children with
MPP exhibit an imbalance in T lymphocyte subsets; BALF CD4+* serves as an independent immunolog-
ical marker for assessing disease severity; the simplified predictive model developed via stepwise re-
gression avoids overfitting, exhibits good calibration and clinical utility, but requires further multi-
center external validation.
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il 98 SCJE A (MP) & J LB Ak X AT il 28 f5c i WL SR AR 22—, o LEE AR IX AR5 PEAT 48 ) 10%~40%,
HAF 3~7 AN Bl IR B RAT , IR R BB ETH@ S, B IR MW 6 A g 2 [1] [2].
ili 8 SRR 2 (MPP) 2 WL T 5 8 UL L JLES, ImPRERIL AR RUBE 0%, Bl & oh 3, & B LAT
IS SRR 2 LR EFRTSR I AOE, ™ HEE ) L2 B0 R3] [4]. H BT MPP BAIR AL AR 76 42
WA, AN S MP ELEAR SRR IE b B2 40 S LA e e Dhe 3L E DIAHOG, He P 4l S e /E MPP 11
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BRSO, T B LA S PR S SR S e EA B IR AR A, AT A B AR, FLAE VAL MPP
Jii 80 J5 0 S IR 25 B 17 T EE AR L R AR IR B8 [6] . BLA BT T 2 TR AR T IS S B4 AR, £1%F BALF o
T R N A 10 L ORI ST AR AN AL, AR MPP o 18 VAl o (AN B 0 75 2k — 2 WIRf[7] [8]. AW FCil
AT MPP )L BALF o T bk LM ML AR AR, R AR MORFE A PR S0, D9 MPP R 1 TE Al 11t
BT R ) S B2 AR A

2. BERIFNTTIE
2.1, —M¥ER

1EHY 2023 47 10 H~2025 4F 10 H AFEE 1) 80 45 MPP &8 LA W FERt 5, AR4E v 15 ™ B2 B2 70 N
BREH (n = 45) M EREAH (n = 35). EUAE MPP i2WhnifE: 5 MPP &) LA F RSN BR8Pt 29 ERG YT 7
d JULE, IRREER A, ImARREIR . AARME R s 8 2 p W, s AR IR RE 2 B4 44
MPP LRI W B R P E G IEIGTT 7 d N, RIGHIE, IRRER. PRAE Rl 58 = R I
g, Tl ERAES . IANARAE: O 746 MPP IR IE[1]: @ Lol 58 S J5AA 1gM B fastar il BH 1,
BT 9 SIS AR LB BAPE s B 4% 3~15 s @ ABEHiARIESZal i B R . Sl 75 &Pt MP ¥4
57. HEBRbRdE: © SIFME . RS AR FRRG: @ SRR O REEhIEm . B, 18
PEFHER 0 S ;. @ AHHOIR . IR EMSN™E IR @ AR, .

22. A%

2.2.1. —RREERIUEE

il MPP LGt it R, PRAIET G RIGR SR, BN AARE:. © —&Ek: &
JUHER(T 1) 8 RIARTRIGE; @ sRIg = fabr: (B AR EMF(LDH). CRP. PCT. IgE. FER.
ESR /K Vs @ JRITAHICHRE: KIR N ERRZHh 2 J 3= 1 A L

2.2.2. BALF fr AR ES AR

KA AR, F— R AT H L 2~4 mL $rfsf BALF A, Zad J8AbH 5 it N
AHEEKE 10mL, Fe4rIRA); DL 200 g HIEEEEES O S min, 3L LIEW, fREEIRREI4 200 uL Wilk,
UORA] s R A IR 50 wl F iR gH i B A =E H, I 20 pL 6C-TBNK A& GHE, 7
WEVR S G iR EECIEE 15 ming FE I 450 pL 405, HELEDLIFE 15 min, RS BV,
3 BALF 1 CD3". CD4*. CD8" T itk 4t/ B M. NK 4 5t o

2.3. GiES R

BT WA BRI B 1BM SPSS 26.0 Giit 4t . iHEFERICA(X )ik, A AL, wHE0E R LUH(%)]
ik, H 2 K56 KA —JC Logistic [F1H /3 52m [R 2R 5 2] 52303 TAERHIE(ROC) 1 2k 4x 1l ROC HhZk,
W B A AR 4E RS TN . BL P <0.05 #ERnZ R A G it %R L.
3. &R
3.1. FA—RAR R EIBAREL

PR LIRS R, KA. CRP. PCT. Ig E. FER. ESR. KIFWEEZRZGMEHFE. MR
G LE 8 2 S T B i22 = (P > 0.05); SEH AL I Al = TRE 4L, 2 56 it 222 (P <0.05).
W& 1.
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Table 1. Comparison of baseline characteristics and laboratory parameters between the two groups [(X £ ), n (%)]
%=1 BA—RAN R EIERRXL[(X+s), f(%)]

2H 51 BREL(n = 45) EAEA(n = 35) At P A
P
% 25 (55.56) 20 (44.44)
0.020 0.887
s 20 (57.14) 15 (42.86)

FER(R) 6.75+2.34 7.58 +2.59 1.502 0.137
A [A] (d) 5.94 +1.04 6.25 +1.27 1.200 0.234
CRP (mg/L) 25.84 +3.04 27.32 +5.46 1.539 0.128
PCT (ng/mL) 1.18 +0.07 1.25+0.25 1.793 0.077

LDH (U/L) 251.56 + 35.23 276.83 + 40.16 2.993 0.004
IgE (1U/mL) 97.29 +19.05 102.38 + 20.47 1.148 0.255
FER (ng/mL) 121.53 +24.31 132.27 + 26.45 1.886 0.063
ESR (mm/h) 25.39 +5.07 27.25 +5.45 1.575 0.119
RIR A B 24P F F 2

PIET R 40 (88.89) 32 (91.43)

AR 3(6.67) 2(5.71) 0.175 0.916
FHoAth 2 (4.44) 1(2.86)
BTG

AR 14 (31.11) 18 (51.43)

At 31 (68.89) 17 (48.57) 3386 0.066

3.2. FHLARRTEYTER BALF T B 40Ea T B iasREL B

HIEHE )L BALFCD3'. CDAMILTHiE4, CD8 AT e, ZRA R E L (P<0.05); #lB

M. NK 2000 5 5 b be s 22 R e ge it 27 & (P > 0.05). W% 2.

Table 2. Comparison of T lymphocyte subpopulation markers in BALF between the two study groups (X +s)

2 2. PLEMISXISR BALF & T i ZRAA T BEERREL (X £5)

fatn BRELL(n = 45) EAEA(n = 35) t A P A
CD3* (%) 64.58 +5.72 58.39 + 5.64 4.831 0.000
CD4* (%) 35.62 + 4.58 30.46 +5.38 4.630 0.000
CD8* (%) 36.15 + 4.67 40.25 +5.02 3.770 0.000
B 4 fitd(%) 19.32 + 3.65 18.45 + 2.69 1.182 0.241

NK 4l i1 (%) 11.25 +2.25 10.82 +1.46 0.981 0.330

3.3. MPP BJLiRE™ERER =t Logistic BV

PLMPP &)L 15 ™ EAEEE (BAE = 0, FSE = 1) N4 &, ¥ BALF /1 CD3*. CD4*. CD8" T ikt
Y 43 b K. LDH 1Ey B A8 B9 N\ 7T Logistic [0 JAH , AR ERIRISE R L% 3, AR Riflgh 3L,
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BALF CD4*/& MPP & ) LI 1% v E5E HI {47 [ 2 (OR = 0.703, 95% Cl: 0.533~0.928, P = 0.013); BALF CD8*
) OR = 1.169 (95% ClI: 0.960~1.423), P =0.121, REG it REME, ARENE N ERE R BT G K E,
IR AT BEAFLE IE 13 SR BRI T AE #4234 ; LDH (%) OR = 1.030 (95% Cl: 0.996~1.066), P = 0.083, 4t 0.05~0.10
(i 25 0 2 X 1], 51 ™ AR B S GBI AN e, W IEAR L BALF CD3*E4it 2% (P =
0.447). H & p=18.562, IZHMIAMEF LM T 2 BRI P BALF CD4*IA | il % 2 2 M /KT
(P < 0.05), MIEGIFFRLAEN], ABF R HE— 0K RIENE D FEEEIAARE o = 0.05, HIERFrE o =
0.10)%} B AF s ATk . R ZANH BALF CDA g A (5 = —0.350, SE = 0.136, Wald = 6.61, P = 0.010,
OR = 0.705, 95% Cl: 0.540~0.920). %=~ ttay i i) Ak Tl 5 3L 4+ XN Logist (P) = 11.725 + (—0.350) x
BALF CD4*, iZiE M H K/ S 4L (EPV) = 35/1 =35, i1 10:1 (HEFERRIE, 43 R T i S04 KUK
7% 3.

Table 3. Binary Logistic regression analysis of disease severity in children with MPP

%% 3. MPP 2 )LiRIE™ERRE R T Logistic [EYA5 4

B SE Wald »2 P OR 95% ClI
BALF CD3* -0.065 0.086 0.577 0.447 0.937 0.792~1.108
BALF CD4* -0.353 0.142 6.202 0.013 0.703 0.533~0.928
BALF CD8* 0.156 0.101 2.408 0.121 1.169 0.960~1.423
LDH 0.030 0.017 2.997 0.083 1.030 0.996~1.066
5 18.562 9.921 3.501 0.061

3.4. MPP B)LiFE™ERER ROC HhZk 94T

BT 20 M A g ) AR, 22 ROC M ITPAS X 0. S5 EoR, 1AL F )L MPP ik
TN ESE AUC ¥ 0.845 (95% Cl: 0.762~0.928), £J% R4y 0.680; LA 0.438 (i A<BAF1 5y i 5
35/80) AR IR, AT IO FROBURKRE 55 B 40N 85.71%. 82.22%. Hosmer-Lemeshow $0L75 40 FE 6136
7 =4.102, P=0.848, f&/pnRRIRHER REF, TR S SRR LR EZR. WK 1.

4. ¥1ig

MPP s )L 2 %5 WP T8 B e M BT, G928 Ty e 35 7L JF 2 It T ) 3 S 88 R AT 7 FE 008 B i 15 3k g
HHEOCEEE FI[9]. BALF B3 SRUR Tl A8 300, mI RS v s i 350 Ja3 30 S e A B 1R 84, A2 VP A
MPP fili 8 G BEARAS I BRAE AR AR, AR PR AR AL B4 Sy 45 bR B B A4 I8 A2 A £ 1) 3 BRARRAIE[10]. ARBFFTE
SiEZH CD8* & THRAEAL(K 2, P<0.000), {HEZ K Z Logistic [A] A4, CD8* A B LR FF A 2 T I (i
(OR=1.169, 95% CI #5# 1.0, P=0.121). X —45 R 4E/x, CD8* vl fe 5 2 s B s ™ B I [ 4k K
PRSP IR, 1T A S T A R 2R B0 IS R 3% s B R 31K ST IR 2L TR) 22 7 T RS2 B CDA*/KT K
by PR 25 FR TR 2 B

LDH & S WAL A4 M 4514 i) AERr S e AR, A F i EREA LDH /K-F i THRE, $27 ESE MPP
UL 50 5 M . CD3* T kg0 M2 B T AR AR Bk 20 7, LR /b S e EE 28 ) LA 3 =)
B A S e T RE N %, X SR AA () S B N RE AN 2 [11]. CDA* T itk A M E B IE T 40f, 7
i 5 3 S e R FEAZ DI E L . — D7 T AT 34y Thl 456 MP (i B, 59— J7 T ml a1 %
JORE R TR H0ih] - s 40 o P ) S I AR D e M AL 5 0 DR L /KT B AT 5 1 i £ 7 A
%, 5 Liu F[120M8F 451 —F——XEia M MPP i )L BALF ' CD4*/CD8* LA & % F#%, H 5hiie

DOI: 10.12677/acm.2026.1682896 1212 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1682896

Mrfizimy &%

1.0 — —
0.8+ I
:
206
@ 0.6
#
E
g 0.4+
0.2
ROC 1 £(AUC=0.845)
- BEHLA R
B AW E (R {E=0.438)
0.0+ T r
0.0 0.2 0.8 1.0

0.4 0.6
TRFH (1R R )

Figure 1. ROC curve analysis of disease severity in children with MPP
1. MPP B/Lis1E™ EFZE Y ROC HiZk 74

TERCEDIM G, CD8* T 4UMI AN EEE T 400, &V vl VS bR B g i, (53 B iR i AE A 2 R T 5
LR PORBEERON > T, BB 6L b R 20 Bt 058 PN B A, 3 mT 5 5 SR IR - XU, R
LB G4k, AR TR IO BAE MPP (R R, 5 540l 7ot 7o 45 FAH BLEDE . E5%E MPP
£ L BALF ' CD8* T 4 & & 4, HAFEFEMRHE, SRl g2 1 i id 7 [13].

ARG 50, SR A RSP B e A R, AR BALF CD4* (P = 0.010), #4
@7 A TR AL, 5 BB R A A B BRI, AUC 4 0.845, BUREE . KB4 WA 85.71%. 82.22%.
AR ERAE TR, AN TR R A E GRS AR R A] SE BRI, AT A R O EEORE R L
BN G2 TV TT (AR B2 o R 1 T0) B (S HE 1) S e 22k, A Bh T B &)L

AWFFAEELL T FER/R: © BrdL/MER: BrawbkE F—XER, FEAERR, BAFEE—
LA KK, AUC BALAIGENIDE R . @ rdHbrilfmfy: BERESWRE < KIFNEEZRET 7 K
TRIINE” , ATRER NS IR SRR FEU RS “ 5" ; PAMEEHREIRIA (P =0.066), ]
ATt BALF Tz fatn. @ BALAMEMERFIRIUE: BB AT TR e, (i LA & 2
Hly REEARSMIEE 5 7 nTHES .

L LR, MPP & )LAAAE BALF i T kAR RE R, RIy CD4*FRMIK. CD8" Fimr, H RATHE
FE 5 EAL A UIAN S, BALF 1 CD4*. CD8* T itk L4 nl 7 N iF-Aili MPP s 15 ™ 5 FLFE 1) v] 5245
B, HET BALF $8ARAL 22 K TR A0 JLEE MPP i 18 VPl B AT B0E I PR B A - AR FRIT R 2 ol
AT REPEBA BRI 7T BRAE AR, HEERZRIBC A BALF 41 A 7 3 [ A LA T 7 0 25 it

B B

R FAARGAC TR G oAb, I ok 7 R 58 K282 ais A = 15
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