Effect of clinical infected status on azithromycin in the treatment of U.urealyticum-positive premature infants
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Abstract
Background
Treatment of azithromycin in clinical infected of U.urealyticum-positive may enable to reduce BPD. We aim to investigate the association of clinical infected status on azithromycin treatment of U.urealyticum-positive with the risk of BPD in very preterm infants.
Methods
A single-centre retrospective study was performed on all very preterm infants who were admitted to a tertiary unit from 2017 to 2019. Does Real-time polymerase chain reaction (Rt-PCR) test for respiratory secretions at the 1-3 first days of life. Therapeutic or preventive regimen of azithromycin was gave when U.urealyticum-positive combining clinical symptoms and signs.
Results
At last, a total of 118 infants were included in our study. 29 infants developed bronchopulmonary dysplasia (supplemental oxygen needed at 36 PMA or discharge). The incidence of BPD was significantly higher in infants with UU clinical infected (43.6%) compared to infants with UU colonization (15.2%, P = 0.001). After evaluate the treatment effect on azithromycin, UU clinical infected status being cure has significantly lower incidence of BPD when compared to un-cure infants ((7/10) vs (19/3); OR 0.111; 95% CI: 0.023-0.523; p = 0.005). UU colonization un-cure status was protective factor when compared to clinical infected un-cure status in develop to PBD, statistically significant in difference ((1/10) vs (4/3); OR 0.075; 95% CI: 0.006-0.954; p = 0.047). It might indicate that there was other else cause the BPD in the UU colonization infants.
Conclusion
The efficacious treatment by azithromycin in clinical infected status of U.urealyticum-positive has a significant difference in developing of BPD compare to non-efficacious.
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1. Background 
There are about 47% of all children under-5 years deaths cause by neonatal deaths globally in 2018, and one of the main contributions is prematurity and complications of preterm 1-3. Bronchopulmonary dysplasia (BPD) remains high prevalence in extreme premature infants; despite great advances in medical and minimizes injurious ventilator strategies, and increasing survival of very preterm neonates in recent years 4,5. The pathogenesis of BPD is unclear and multifactorial; momently well know include oxygen toxicity, ventilation mechanical lung injury and inflammation et al. 6. An updated systematic review and meta-analysis reported that pulmonary colonization with Ureaplasma species was significantly associated with development of BPD at 36-week postmenstrual age (PMA) about 3 times higher risk7.
[bookmark: _Hlk50466860]In 1989, Ureaplasma Urealyticum (UU) was early reviewed by Holtzman et al., that the only species of genus Ureaplasma, which belong to the class Mollicutes, and along with mycoplasmas form the family Mycoplasmataceae, but could not prove the the possible association with BPD in very low birth weight premature 8. But then others studies reported almost opposed about the association between UU colonization and BPD in preterm; and their claims not yet coming to a uniform conclusion 9-11. 
A recent systematic review demonstrated that, UU dominated the early airway of neonate beside Staphylococcus 12. Another based on the current perspectives review articled that UU is associated with neonatal morbidities, include congenital pneumonia, BPD, meningitis, and perinatal death 13. Similar published studies confirmed that UU is the most often isolated from the amniotic fluid and placenta, also to be an independent predictive factor for preterm born, and lead to other poor pregnancy outcome such as preterm premature rupture of foetal membranes, chorioamnionitis, low birth weight, higher risk inflammation both of the fetus and maternal, higher risk of intraventricular haemorrhage and echolucent brain lesions, except early neonatal death 14-19. Those studies were performed to optimize finding the cause association between UU and BPD. However, as be mentioned that UU are difficult to identify and diagnose in a clinical environment, even more, only 45 percent colonization of UU with pathological signs of histological inflammation by Revello et al. 17.
[bookmark: _Hlk59547132]According to report that intensity of exposure of UU might be the key to cause injury of lung 20, we hypothesized treatment of clinical infected status could reduce the developing of BPD. Therefore, improve identification of clinical infected status of U.urealyticum-positive in order to early with azithromycin treatment for achieving good neonatal outcomes. Thus, the aim of this study is to investigate the clinical and translational of U.urealyticum-positive preterm infants to improve the classification of infected status of UU enable early identification of at-risk preterm infants.
2. Materials and methods 
2.1. Study population
This was a single-centre, retrospective study, conducted in a level three neonatal intensive care unit (NICU), Shenzhen Maternal & Child Healthcare Hospital from June 2017 and October 2019. During the study period, all preterm infants born less than 32 weeks of gestational age (GA), who admitted to the NICU, were tested Real-time polymerase chain reaction (Rt-PCR) of nasopharyngeal swabs or tracheal aspiration for UU, 121 infants with the positive results parallel freedom from severe congenital defects, but 3 infants died before born of 14 days were excluded. Finally, 118 infants were included in our study.
All selection preterm infants divided into two groups to receive therapeutic or preventive dosing regimen macrolide oral azithromycin treatment based on within or not signs and symptoms suggestive of UU clinical infected in 1 to 3 days of life. For therapeutic regimen, 10 mg/kg azithromycin was administered orally once time a day for a week, then 5 mg/kg azithromycin was administered orally once a day for next week. For preventive regimen, 10 mg/kg azithromycin was administered orally once time a day for three days, after 4 days suspended, repeated one time.
Data collection was conducted retrospectively from the electronic medical record, and institutional review boards of our facility allowed a waiver of informed consent for this retrospective review.
2.2.  Polymerase chain reaction
At the first 1-3 days of life, neonatal samples were collected from each preterm infant using either nasopharyngeal swabs (non-intubated infants) or tracheal aspiration (intubated infants). Rt-PCR was used to detect UU colonization for each specimen was obtained before macrolide was given by laboratory belongs to hospital. Infants who were Rt-PCR positive were classified as U.urealyticum-positive. Post-treatment of azithromycin, no anymore test included Rt-PCR for UU.
2.3.  Definitions of parameters
Moderate bronchopulmonary dysplasia (BPD) was diagnosed as a continuous need for oxygen supplementation at least 28 days of life, as well as an oxygen requirement of ＜30% at 36 weeks postmenstrual age (PMA or discharge). And severe BPD was diagnosed as requiring oxygen therapy for the first 28 days plus an oxygen requirement at least 30% and/or positive pressure at 36 weeks PMA (or discharge), for infants born ≤32 weeks GA5,21,22.
UU clinical infected was defined as UU Rt-PCR positive, as well as with clinical manifestation, such as blood count showed leukemic reaction, worsening of chest-X-ray by interstitial changes, or need higher in ventilator support or oxygen requirements. UU colonization was defined as UU Rt-PCR negative, and without clinical manifestation. Post-treatment of azithromycin, either without the clinical manifestation or clinical manifestation turn well, was classified UU clinical cure.
2.4.  Data analysis
All statistical analyses were performed with IBM SPSS Statistics 26.0. In the univariate analysis, using the chi-square test for categorical variables, the nonparametric McNemar test for comparison of paired counting variables, and the t-test for normally distributed continuous variables. Data were reported as numbers (%) or the mean±standard deviation, and IQR. Multivariate analysis was performed by binary logistic regression and odds ratios (OR), and 95% confidence intervals (CI) were calculated. Statistical significance was accepted at P < 0.05.
2.5.  Ethical statement
The ethics board of Shenzhen Maternity & Child Healthcare Hospital, the First Clinical Medical College of Southern Medical University, approved the collection and use of the clinical information for research purposes before the investigation was begun.
3. Results 
Between June 1, 2017, and October 31, 2019, there were 812 infants within GA less than 32 weeks were admitted to NICU, of whom 121(14.9%,121/812) with outcome of U.urealyticum-positive. 3 infants were excluded due of died before born of 14days. At last, a total of 118 infants were included in our study (Fig. 1). 29 infants developed Moderate-severe bronchopulmonary dysplasia (supplemental oxygen needed at 36 PMA or discharge). The baselines characteristics of the study total participants and stratified by UU clinical status are summarized in Table 1. The baseline characteristics, infants who before treatment for UU clinical infected status, gestational age, birth weight, antenatal steroid use, surfactant use and intubation were significantly between two study groups (Table 1).
Infants with UU clinical infected status had significantly higher risk of developed moderate-severe BPD (43.6% vs 15.2%, P = 0.001), longer time of duration invasive   (IQR 1.0(0.0-16.0) vs 0.0(0.0-1.0), P = 0.000), non-invasive ventilation (IQR 42.0(21.0-66.0) vs 21.0(7.0-36.0), P = 0.000), and duration hospitalization (82.3±39.4 vs 59.5±25.1), than infants with UU colonization(Table 2). Similarly, infants with UU clinical infected status had lower chance of being clinical cure than infants with UU colonization. Using propensity score-matched odds ratios were stratified by network analyses, the risk estimates for primary and secondary outcomes of participants remained similar between the two groups.
In do analyses based on treatment effect of UU clinical status, UU clinical infected status being cure has significantly lower incidence of BPD when compared to un-cure infants ((7/10) vs (19/3); OR 0.111; 95% CI: 0.023-0.523; p = 0.005); and there was no significant in risk to developing BPD when compared to UU colonization status cure ((11/7) vs (63/19); OR 0.474; 95% CI: 0.161-1.392; p = 0.234). UU colonization un-cure status was protective factor when compared to clinical infected un-cure status in develop to PBD, and there was statistically significant in difference ((1/10) vs (4/3); OR 0.075; 95% CI: 0.006-0.954; p = 0.047). It might indicate that there was any other else cause the BPD in the UU colonization infants (Fig. 2). 
4. Discussion
In this study, we showed that, by treatment from azithromycin, clinical infection status (n = 39) turned out to cure (n = 26) or un-cure (n = 13). The intensity of association between clinical infected cure status and outcome of BPD at PMA 36 was very low (OR 0.111), the difference has statistically significant when compare with un-cure status (p = 0.005). This suggests that effective treatment by azithromycin of UU clinical infected may decrease the incidence of BPD in very preterm infants. 
The role of U.urealyticum-positive in developing BPD in premature infants has been a great interest of neonatologists. Since 1989, Holtzman et al. reviewed that, the possible association of U.urealyticum with BPD in preterm infants needed further investigation 8, in the following thirty years there were three stages for about each ten years systematic review and meta-analysis, all of them reached a consensus that, U.urealyticum played a significant risk factor for BPD in preterm infants 7,23-25. But the intensity association was varied and the causality was unclear. So far, there is still no large enough randomized trial can prove that U.urealyticum causes BPD directly, may due to the causes of BPD are complex and multifaceted. In our study, we use azithromycin, widely accepted macrolide, treat the U.urealyticum-positive premature infants26-28. Infants, who were clinical cure, have low association for BPD (OR ＜ 1).
Aaltonen et al. once claimed that overemphasis was played on the role of U.urealyticum in the pathogenesis of BPD, but they were based on the hypothesis about isolated inflammation from U.urealyticum 10. Castro-Alcaraz et al. concluded that, different modes of U.urealyticum colonization associate to BPD in preterm infants 29. Through by decades of scientific research, people have basically reached a consensus that U.urealyticum induced an inflammatory reaction in hurt host lead to develop BPD, such as IL-6, IL-8, TNFα 16,30,31. Our findings lend support to the contention that U.urealyticum make injure role to the pulmonary through inflammation reaction too. Assessment of this situation could be observed and detected by U.urealyticum Rt-PCR of respiratory secretions, white cell blood count (WBC), and worsening of chest-X-ray, or need higher in ventilator support or oxygen requirements 7,32. It needs to point out that high increase of WBC not the normal rise, but a much high like a leukemic reaction. Our research designed to distinguish the U.urealyticum clinical infected status at the first 1-3 days of life, for we accepted the view that preterm infants exposure of inflammation occurred in utero majority associated with U.urealyticum 4,20,33. Our data also proved that, incidence of being reversing infected status infants developing to BPD could be reduced lower similarly to the incidence of infants without clinical infected expression.
The major strength of this study was the prediction of developing BPD was appropriated to multifactorial assessment, which may suitable for the clinical practice for Rt-PCR, WBC and X-ray easy data to obtain. There was reported using the day 7 chest X-ray predicted BPD at 36 PMA could specificity to identify high-risk preterm infants 34. Practice with 7th day chest X-ray alone imaging technician, thus the specificity would bring a problem of late of diagnose and intervention therapy, that is not advocated 20.
According to the known epidemiology of intrauterine infection, it is necessary and possible for the pathogens exposed, to complete the detection of U.urealyticum within 3 days after birth in very preterm infants. Rt-PCR for the nasopharyngeal swabs (non-intubated infants) or tracheal aspiration (intubated infants) is recommend, for we known the culture of U.urealyticum 13.
Although our finding shows the clinical benefit of azithromycin in the treatment of U.urealyticum-positive premature, still allow us to take the next step in balance the side effects and clinical benefit of appropriate route of administration, dose and course of treatment azithromycin.
5. Conclusions 
Our findings show that efficacious treatment of azithromycin on clinical infected status of U.urealyticum-positive has a significant difference in developing of BPD compare to non-efficacious. Does the U.urealyticum Rt-PCR test for respiratory secretions at the 1-3 first days of all very preterm infants life, combining clinical symptoms and signs to identify whom in the clinical infected status or not, in order to start early treatment by macrolides, such as azithromycin, that will benefit from potentially developing to BPD.
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	Figure 2. Forest Plot of Treatment Effect of UU Clinical Status and The Risk of BPD in Subgroups Clinical Infection Status
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	Abbreviations: BPD, bronchopulmonary dysplasia; UU, Ureaplasma Urealyticumcystic; OR, odds ratio; CI, confidence interval.


Comparisons were performed between groups with difference status levels.
OR, 95% C.I. and p-value, was indicated on the bars and axis.


Tables
	Table 1. Baseline Characteristics of the Study Total Participants and Stratified by UU Clinical Status

	
	No. of participants (%)

	
	Total participants
	UU              clinical-infected
	UU colonization
	　

	Characteristic
	(n=118)
	(n=39)
	(n=79)
	P value

	Gender(male), n (%)
	72(61.0%)
	26(66.7%)
	46(58.2%)
	0.377 

	GA, mean (SD)
	28.1(1.9)
	26.9(1.5)
	28.6(1.9)
	0.000 

	BW, mean (SD)
	1134(287)
	1002(246)
	1199(285)
	0.000 

	Way of delivery(V), n (%)
	75(63.6%)
	27(69.2%)
	48(40.8%)
	0.368 

	1 min Apgar Score, median (IQR)
	9(7.75-10)
	9(6-10)
	9(8-10)
	0.737 

	5 min Apgar Score, median (IQR)
	10(10-10)
	10(10-10)
	10(10-10)
	0.584 

	Antenatal steroid, n (%)
	96(81.4%)
	27(69.2%)
	69(87.3%)
	0.017 

	SGA, n (%)
	7(5.9%)
	7(8.9%)
	0(0.0%)
	0.094 

	PPROM, n (%)
	70(59.3%)
	19(48.7%)
	51(64.6%)
	0.099 

	UU(G), n (%)
	42(35.6%)
	13(33.3%)
	29(36.7%)
	0.719 

	Infection(late), n (%)
	23(19.5%)
	5(12.8%)
	18(22.8%)
	0.199 

	Tube baby, n (%)
	20(16.9%)
	5(12.8%)
	15(19.0%)
	0.401 

	GDM, n (%)
	21(17.8%)
	5(12.8%)
	16(20.3%)
	0.321 

	Twins, n (%)
	14(11.9%)
	4(10.3%)
	10(12.7%)
	1.000 

	Surfactant use, n (%)
	75(63.6%)
	31(79.5%)
	34(43.0%)
	0.000 

	Intubation, n (%)
	47(39.8%)
	25(64.1%)
	22(27.8%)
	0.000 

	EOS, n (%)
	24(20.3%)
	11(28.2%)
	13(16.5%)
	0.292 

	Abbreviations: UU, Ureaplasma Urealyticumcystic; GA, gestational age; SD, standard deviation; BW, Birth weight; V, Vaginal delivery; IQR, interquartile range; SGA, small for gestational age; PPROM, prelabor rupture of the membrane; G, gravidity; GDM, Gestational Diabetes Mellitus; EOS, Early-onset septicemia.



	Table 2. Primary and Secondary Outcomes of Total Participants and Stratified by UU Clinical Status

	　
	No. of participants (%)

	
	Total participants
	UU              clinical-infected
	UU colonization
	　

	Outcomes
	(n=118)
	(n=39)
	(n=79)
	P value

	Moderate-severe BPD, n (%)
	29(24.6%)
	17(43.6%)
	12(15.2%)
	0.001 

	UU clinical cure, n (%)
	100(84.7%)
	26(66.7%)
	74(93.7%)
	0.000 

	ROP any, n (%)
	29(24.6%)
	12(30.8%)
	17(21.5%)
	0.272 

	Duration invasive ventilation, median (IQR), days
	0(0-3)
	1.0(0.0-16.0)
	0.0(0.0-1.0)
	0.000 

	Duration non-invasive ventilation, median (IQR), days
	29.5(9.8-46.5)
	42(21-66)
	21.0(7.0-36.0)
	0.000 

	Duration supplemental oxygen, median (IQR), days
	8(3-17)
	7(0-17)
	9.0(3.0-16.0)
	0.367 

	Duration hospitalization, mean (SD), days
	67.02(32.22)
	82.31(39.35)
	59.47(25.06)
	0.000 

	Abbreviations: UU, Ureaplasma Urealyticumcystic; BPD, bronchopulmonary dysplasia; IQR, interquartile range; ROP, Retinopathy of prematurity; SD, standard deviation.
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Figure 1. Flowchart of case selection and follow-up
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