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Abstract

Four in five neonatal deaths of preterm births occur in low and middle income countries and

placental histopathology examination can help clarify the pathogenesis. Infection is known

to play a significant role in preterm birth. The aim of this systematic review is to explore the

association between placental histopathological abnormality and preterm birth in the pres-

ence of confirmed infection. PubMed/Medline, Scopus, Web of Science and Embase were

searched using the keywords related to preterm birth, placental histopathology and infec-

tion. Titles and abstracts were screened and the full texts of eligible articles were reviewed

to extract and summarise data. Of 1529 articles, only 23 studies (13 bacterial, 6 viral and 4

parasitic) were included, and they used 7 different gestational age windows, and 20 different

histopathological classification systems, precluding data pooling. Despite this, histopatho-

logical chorioamnionitis, and funisitis (when examined) were commonly observed in preterm

birth complicated by confirmed bacterial or viral, but not parasitic, infection. The presence of

malaria parasites but not pigment in placenta was reported to increase the risk of PTB, but

this finding was inconclusive. One in three studies were conducted in low and middle income

countries. An array of: definitions of preterm birth subgroups, histological classification sys-

tems, histopathologic abnormalities and diagnostic methods to identify infections were

reported in this systematic review. Commitment to using standardised terminology and clas-

sification of histopathological abnormalities associated with infections is needed to identify

causality and potential treatment of preterm birth. Studies on preterm birth needs to occur in

high burden countries and control for clinical characteristics (maternal, fetal, labor, and pla-

cental) that may have an impact on placental histopathological abnormalities.
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Introduction

Preterm birth (PTB), occurring before 37 completed weeks’ gestation, is recognised globally as

the main cause of neonatal mortality and morbidity [1, 2]. In 2014, an estimated 14.8 million

babies (1 in 10), were born preterm; of these, 80% were born in Asia and sub-Saharan Africa

[3]. However, accurate estimation of PTB rates, especially in low- and middle-income coun-

tries (LMICs) is often difficult because of the unavailability of ultrasonography for early and

precise dating of the pregnancy [4].

PTB can be classified as: 1) spontaneous PTB with intact membranes, 2) preterm prema-

ture/pre-labour rupture of membranes (PPROM) or 3) indicated or induced due to maternal

and/or fetal complications [5]. PTB is further categorised in the following subgroups: late pre-

term (�32 to<37 weeks’ gestation), very preterm (28 to<32 weeks’ gestation) and extremely

preterm (<28 weeks’ gestation), with the last group having the highest mortality and morbidity

[6]. The associated morbidity includes a wide range of conditions with long-term impairment

of motor- and neurocognitive development. Preterm neonates in high-income countries

(HICs) have a much better chance of survival than those in LMICs [4, 7]. In addition, the sup-

port services to care for related sequelae such as visual, hearing or learning difficulties, fre-

quently do not exist in LMIC settings [8].

The placenta plays a key role in creating the optimal environment required to sustain a

pregnancy until term, which is crucial for optimal neonatal outcomes. Changes in placental

microanatomy can lead to severe consequences (e.g., PTB); hence, historically, histopatholog-

ical examination has been an important method to understand the possible cause of PTB [9].

The placental inflammatory changes detected by histopathological examination are usually

classified into acute or chronic inflammatory responses of the placenta, which can be further

divided into maternal inflammatory response (chorioamnionitis) and fetal inflammatory

response (umbilical vasculitis) [10]. Chorioamnionitis can be graded histologically by severity,

chronicity and by fetal inflammatory responses that are observed in the chorionic plate and

umbilical cord. Unfortunately, however, there is no consensus on placental sampling, tissue

processing methods, or the recording and reporting of histopathological results [11]. The need

for standardisation arises because common placental histopathological lesions are seen in PTB

cases with and without infection. These include: villitis of unknown origin (destructive villous

inflammatory lesion), acute or chronic chorioamnionitis (inflammation of chorioamnionic

membrane), and chronic deciduitis (inflammation of decidua basalis) [12–15].

Placental histopathological abnormalities from intra-amniotic infection can be caused by

“1) ascending bacterial infection from lower female reproductive tract (major pathway), 2)

haematogenous spread of a bacterial, viral or parasitic infection through the placenta, 3) inva-

sive procedures like amniocentesis, and 4) retrograde spread via the fallopian tubes, which is

less likely to occur” [5]. The risk of spontaneous PTB also depends on the local vaginal micro-

bial flora: microbiome studies have shown that elevated Ureaplasma or Gardnerella levels

increase the risk of spontaneous PTB [5, 16, 17], while a vaginal flora rich in Lactobacilli is

associated with a reduced spontaneous PTB risk [18]. Systemic infection in pregnancy, in par-

ticular infection of the urogenital tract and severe viral and malarial infections, are causally

associated with PTB. Most notably, microbial genital tract infections are responsible for up to

25–40% of PTBs [19]. While the acute inflammatory response mostly occurs with ascending

infection due to bacterial and fungal infections, haematological spread of viral and parasitic

infections are more commonly a cause of chronic inflammatory response of the placenta

resulting in chronic chorioamnionitis and chronic villitis [20, 21]. While intervillous inflam-

matory infiltrates by mononuclear cells are associated with acute and chronic malaria infection

[22], histopathological findings of malaria infection are more frequently characterised by the
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presence of malaria parasites and/or pigment in the intervillous space of the placenta but not

histologic chorioamnionitis or funisitis [22, 23].

Placental histopathological abnormalities can also arise due to PPROM and the length of

time elapsed between membrane rupture and birth, which can make it difficult to differentiate

PTB phenotypes based on the presence or absence of intrauterine acute inflammation/infec-

tion, immunologically mediated processes and uterine ischaemia [24]. This systematic litera-

ture review explores: (1) the association between placental histopathological abnormalities and

PTB in the presence of confirmed bacterial, viral or parasitic infection, and (2) the possible

association between the identified microorganism and specific placental histopathological

abnormalities.

Materials and methods

The rationale, objective and search strategy of this systematic review were registered in the

International Prospective Registers of Systematic Reviews (PROSPERO) under the registration

number CRD42019137099 [25].

Search strategy

A systematic literature review following PRISMA guidelines [26] was conducted to identify

studies reporting placental histopathology in PTB with a confirmed infection. Four databases:

(PubMed/Medline, Scopus, Web of Science and Embase) were searched. The original search

was conducted in March 2019 and continually updated until February 2021 focusing on three

components: placental histopathology, PTB and infection. The search terms (S1 Table)

included: “pregnan� AND (preterm� OR premature�) AND placenta�AND (histopatholog�

OR histology� patholog�) AND (Infect� OR microorganism OR bacteria� OR virus� OR para-

site�)”. No temporal, geographical or language restrictions were applied to the search.

Interventional and observational studies were included if the histopathological findings

were related to PTB and any type of infection (bacterial, viral or parasitic). The inclusion crite-

ria used for full text screening were English language, full text availability, original research

describing PTB/PPROM, placental histopathology assessed, micro-organisms reported, and

most importantly that the study described the association between placental histopathology

and infection in PTB/PPROM. In the event of discrepancies during the selection process, a sec-

ond assessment was conducted to resolve the inconsistency. The bibliographic management

software, EndNote (version X9.3.3), was used to organise the articles.

Studies that did not unambiguously include the three components in triangulation, i.e. his-

topathological examination, infection and PTB, were excluded. Histopathological placental

findings reported in isolation or as part of a series of investigations were included if the other

conditions were satisfied. Systematic reviews on histopathology and PTB were checked for any

possible articles that may have been missed by the primary search.

After inclusion, the following data were extracted: year, country, economic country profile

(HIC or LMIC), study design, timing of inclusion of participants (prospective at time of infec-

tion or at birth), estimated gestational age (EGA) of included PTBs, method of gestational age

assessment, presence of rupture of membranes (ROM), sample size, histopathological classifi-

cation and reporting system, confirmation of infection, and methodology and blinding of

pathologist. Reference to the histopathological abnormality classification system was extracted

when provided. High numbers of papers were excluded because they compared only two of

three inclusion criteria in their analysis: placental histopathology and PTB, or microbial infec-

tion and histopathology, or microbial infection and PTB.
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The methodological quality of the studies was assessed by evaluating study design, inclusion

criteria and the blinding of investigators to pregnancy outcomes or causation. To address the

risk of bias, the Newcastle-Ottawa quality assessment scale for case-control and cohort studies

was used [27]. Two independent review authors (AMM and RM) appraised the selected stud-

ies; in the event of a discrepancy, a third reviewer (FHN) was consulted. Any encountered

quality issues or concerns were addressed by referring to the particular section and grading the

severity of the bias (moderate, serious or critical). Twenty selected clinical characteristics

(maternal, fetal, delivery and infection) associated with PTB were extracted and a binary score

was applied for presence or absence.

Subgroup allocation

As “infection” encompasses a broad range of causative pathogens and studies typically had a

narrow range of interest, the term “infection” was divided into three groups according to the

following infectious agents: bacteria, viruses or parasites.

Results

Study characteristics

A total of 3277 records were identified through database searching. After removing duplicates,

1529 articles were screened against the defined eligibility criteria. Of these, 1407 were excluded

after screening the study title and abstract: animal studies = 135; case reports, case series or

review articles = 495; articles that did not report confirmed infection = 164; articles focused on

microbiome, proteomic or serum markers = 366; multiple pregnancies = 13; not preterm = 91;

placental histopathology not reported = 143. This left only 23 studies for inclusion (bacteria,

viral and parasitic) (Fig 1) [28–50].

Of included research articles that were published between 1988 and 2020, 15/23 studies

(65.2%) were reported in the last 10 years. Only 8 (34.8%) were conducted in LMIC settings

(Fig 2).

The study characteristics, PTB definition, placental histopathology classification system,

range of infective organisms, and sample size are summarized in Table 1. The majority

(56.5%, 13/23) of studies examined the association between bacterial infection and placental

histopathology in PTB [30, 31, 35–39, 41, 44, 46–49], six studies (26%) examined viral infec-

tion [29, 32, 33, 42, 45, 50], and four studies (17%) examined studied parasites [28, 34, 40,

43].

Most studies mentioned or clarified only a few of the clinical characteristics (maternal,

fetal, delivery and infection) associated with PTB: median score of 6 [range 1–12] out of a pos-

sible total of 20 (S2 Table).

Quality assessment

Of the included studies, 13 were cohort studies, seven were case-control studies and three were

sub-analysis of randomised controlled trials. Most included studies (65%, 15/23) were con-

ducted prospectively and 14 mentioned the blinding of the pathologist(s) to clinical data [29–

31, 34–37, 39, 40, 43–45, 47, 50] (Table 1). The gestational age assessment by ultrasound was

clearly specified in 12 articles [28, 29, 31, 36, 37, 39, 40, 42, 43, 45, 47, 50]. The risk of bias was

low using the Newcastle-Ottawa quality assessment scale: median 6 (maximum score 7) for

cohort studies and median 7 (maximum 8) for case-control studies (S3 Table).
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Variations of study participants

While an estimated gestational age of less than 37 weeks was the most common PTB defini-

tion, various lower cut-offs were used: seven different gestational age windows were described

Fig 1. Prisma flow chart.

https://doi.org/10.1371/journal.pone.0255902.g001
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in 23 studies. Moreover, eight studies recruited early and extremely preterm newborns as the

study participants and the classification of PTB was not uniform [30, 31, 35, 37–39, 44, 46].

PTB subcategories (spontaneous PTB with intact membranes, PPROM and indicated or

induced due to maternal or fetal complications) were frequently not mentioned (S2 Table).

Only 11 studies were designed to investigate the associations of placental histological abnor-

malities and infections in PTB [30, 31, 33, 35–37, 39, 41, 44, 46, 47].

Histopathological methods

Placental tissue processing techniques varied and 21 different publications [10, 22, 23, 51–68]

were used to support histopathological classification systems, which were reported in the

included studies (S4 Table). Six studies used standardised histopathological definitions: four

[29, 35, 39, 49] using Redline et al. 2003 [10] and two using Khong et al. [59]. Seven studies

used their own definitions of histological chorioamnionitis [36–38, 41, 42, 47, 48, 50] and

three malaria studies [28, 40, 43] used four classifications [61]. Evidence of reporting of the

severity of placental histopathological abnormality was limited to eight (34.8%) of studies [28,

32, 35, 39, 44, 47–49].

Pathogen detection methods

Culture technique was used in 11 bacterial studies [31, 35–38, 41, 44, 46–49] and molecular

methods were performed in three studies to identify the infective bacterial organisms [30, 39,

Fig 2. Map of countries where studies were conducted.

https://doi.org/10.1371/journal.pone.0255902.g002
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Table 1. Study characteristics.

Author name,

Year�
Type of

infection

PTB definitionused

(weeks)

Type of study Retrospective/

Prospective

No. PTB

(%)

Country GNI�� per

capita

Blinding of

pathologist

Cox, 2016 [30] Bacteria 13–37 Case Control Retrospective 57/57

(100%)

Ireland HIC Yes

Dammann, 2003

[31]

Bacteria Not clearly defined Case Control Retrospective 464/464

(100%)

USA HIC Yes

Hecht, 2008 [35] Bacteria <28 Cohort Retrospective 835/835

(100%)

USA HIC Yes

Hillier, 1988 [37] Bacteria <37 Case control Retrospective 38/74

(51%)

USA HIC Yes

Hillier, 1991 [36] Bacteria <34 Case control Retrospective 112/268

(42%)

USA HIC Yes

Honma, 2007 [38] Bacteria <32 Cohort Retrospective 105/105

(100%)

Japan HIC Not mentioned

Ingrid, 2011 [39] Bacteria <32 Cohort Prospective 304/304

(100%)

Netherland HIC Yes

Kwak, 2014 [41] Bacteria <37 Cohort Prospective 179/179

(100%)

Korea HIC Not mentioned

Namba, 2010 [44] Bacteria <32 Cohort Prospective 151/151

(100%)

Japan HIC Yes

Patel, 2018 [46] Bacteria 23–33+6 Cohort Retrospective 181/181

(100%)

USA HIC Not mentioned

Pettker, 2007 [47] Bacteria <37 Case Control Prospective 183/183

(100%)

USA HIC Yes

Queiros da Mota,

2013 [48]

Bacteria <37 Cohort Prospective 202/376

(53.7%)

Switzerland HIC Not mentioned

Sweeney 2016 [49] Bacteria <37 Cohort Prospective 535/535

(100%)

USA HIC Not mentioned

Ategeka, 2019 [29] Virus <37 Sub-analysis

of RCT

Prospective 18/191

(9.4%)

Torroro LMIC Yes

Feist, 2020 [32] Virus <37 Cohort Retrospective 14/50

(28%)

Germany HIC Not mentioned

Gichangi, 1993 [33] Virus <37 Case control Prospective 117/467

(31.4%)

Kenya LMIC Not mentioned

Ladner, 1998 [42] Virus <37 Cohort Prospective 39/275

(14%)

Rwanda LMIC Not mentioned

Ombimbo, 2019

[45]

Virus <37 Cohort Prospective 81/101

(80.2%)

Kenya LMIC Yes

Tsekoura, 2010

[50]

Virus <37 Case Control Prospective 37/58

(63.8%)

Greece HIC Yes

Ategeka, 2020 [28] Parasite <37 Sub-analysis

of RCT

Prospective 37/637

(5.8%)

Uganda LMIC Not mentioned

Kapisi, 2017 [40] Parasite <37 Sub-analysis

of RCT

Prospective 26/282

(9.2%)

Uganda LMIC Yes

Lufele, 2017 [43] Parasite <37 Cohort Prospective 81/962

(8.4%)

Papua New

Guinea

LMIC Yes

Saad, 2017 [34] Parasite <37 Cohort Prospective 37/240

(15.4%)

Egypt LMIC Yes

Abbreviations: GNI, gross national income; HIC, high-income country; HIV, Human immunodeficiency virus; LMIC low- to middle-income country; RCT,

randomised controlled trial

�year of publication.

��gross national income based on World Bank data. https://data.worldbank.org/indicator/NY.GNP.PCAP.CD?locations=TH.

https://doi.org/10.1371/journal.pone.0255902.t001
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49]. The majority of studies used a single sampling method (placental tissue or placental swab

or vaginal swab) while three studies used two or more sampling techniques [37, 46, 47]. For

studies targeting human immunodeficiency virus (HIV) infection, two studies used an enzyme

linked immunosorbent assay (ELISA) as a diagnostic test [33, 42], while another two studies

did not mention the diagnostic methods [29, 45]. In another two studies that targeted viral

infection, polymerase chain reaction (PCR) was performed to detect adenovirus, human papil-

loma virus (HPV) and enterovirus [32, 50]. Two of three malaria studies confirmed infection

by peripheral blood films, placental blood microscopy, and Loop-mediated isothermal applica-

tion (LAMP) [28, 40] but the histopathological detection of malaria parasites and pigment in

placenta was used in all three malaria studies [28, 40, 43].

Placental histopathologic findings in studies of preterm birth with

bacterial infection

There were 13 studies that reported placental histopathology and PTB with bacterial infection.

A wide range of bacterial species (n = 54) were reported with Ureaplasma species (7/13),

Group B streptococcus (5/13) andMycoplasma hominis (6/13) being the most common. Four

articles specifically investigated only Ureaplasma andMycoplasma species [31, 38, 41, 44].

Another two studies examined the association between selected microorganisms (Chlamydia
trachomatis and group B Streptococcus (GBS)) and PTB [39, 46]. Histological chorioamnionitis

was the most common placental histopathological abnormality in PTB with bacterial infection

[29–31, 33, 35–39, 41, 42, 46–49]. Four studies reported both chorioamnionitis and funisitis

[31, 33, 35, 47].

Ingrid et al. used PCR to identify C. trachomatis and studied its association with placental

histopathology in PTB. They reported that a chlamydia infection was two times as likely to be

associated with placental histological inflammation in preterm cases compared to absence of

chlamydia infection [39]. The rates of histological chorioamnionitis between GBS positive and

negative groups of PPROM were not significantly different, as described by Patel et al. [46].

Pettket et al. reported that in preterm cases with a positive amniotic fluid culture, acute histo-

logical chorioamnionitis and funisitis were more pronounced when compared to preterm

amniotic fluid culture negative cases [47]. Querios da Mota et al. showed that the proportion

of histological chorioamnionitis with positive bacteriological culture in preterm placentas was

25% and more than 50% of microbial culture results came from preterm placentas [48]. Swee-

ney et al. also concluded that histological chorioamnionitis was more likely to be associated

with moderate/late PTB, complicated by an infection with Ureaplasma species, the most com-

mon organisms identified in placental culture [49]. More detailed information on these studies

is provided in Table 2.

Placental histopathology in studies of preterm birth with viral infections

The main placental abnormality in four of six viral infection studies was histologically con-

firmed chorioamnionitis [29, 33, 42, 50]. Ategeka et al. reported that the risk of PTB was signif-

icantly increased with histological evidence of severe “maternal acute chorioamnionitis” in

HIV infected pregnancies but not associated with “fetal acute chorioamnionitis” (maternal

and fetal acute chorioamnionitis refers to maternal & fetal acute inflammatory response to

infection in this article) [29]. Obimbo et al. reported that fibrinoid deposition with villous

degeneration, syncytiotrophoblast delamination, increased red blood cell adhesion to terminal

villi and increased number of capillaries were significantly associated with preterm placentas

in HIV infection and/or antiretroviral therapy [45]. Gichangi et al. reported that the likelihood

of having moderate to severe histological chorioamnionitis and moderate to severe funisitis
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Table 2. Identified bacterial infection and histopathological changes in preterm birth.

Author,

Year

Reported pathogenic

microorganism

Diagnostic method No. PTB

(%)

Infection Histopathological abnormalities Triad of histopathology,

infection and PTB

Cox, 2016

[30]

Mycoplasma, Ureaplasma
(parvum, urealyticum), GBS,

Gardnerella

RT-PCR (placental

tissue)

57/57

(100%)

U. parvum was detected in 11

(19.3%), G. vaginalis in 10

(17.5%), GBS in 9 (15.8%), and

U. urealyticum in 2 (3.5%)

placental samples. However, M.

hominis and M. genitalium
were not detected.

Histological chorioamnionitis

was found in 24/57 (42.1%)

preterm placentas and 26/57

(45.6%) preterm placentas had at

least one bacterial infection.

Only U. parvum was significantly

associated with histological

chorioamnionitis in preterm

placentas (OR 5.0; 95%CI 1.2–

21.5, P = 0.002).

U. urealyticum and GBS were

more common in second

trimester, and G. vaginalis was

more detected in third

trimester samples.

U. urealyticum and GBS in 2nd

trimester placental sample and G.

vaginalis in 3rd trimester were not

associated with histological

chorioamnionitis.

Dammann,

2003 [31]

U. urealyticum M.hominis Culture (placental

swab)

464/464

(100%)

U. urealyticum and M. hominis
were detected in 139/464 (30%)

and 27/464 (6%) of placentas,

respectively. Both

microorganisms were positive

in 21/464 (4.5%) placental

samples.

Fetal vasculitis was associated

with U. urealyticum (53%, P

�0.001) and M. hominis (14%, P

�0.001) compared to those

without fetal vasculitis.

In multivariate analysis (adjusted

by gestational age, duration of

membrane rupture), U.

urealyticum culture positive

placenta was associated with

increased risk of fetal vasculitis

(aOR 3.4; 95%CI 2.1–5.7)

compared to U. urealyticum
culture negative placenta: risk

increased with a short duration

of membrane rupture and with a

gestational age >28 weeks.

Hecht, 2008

[35]

Actinomyces spp, Prevotella spp,

Corynebacterium spp, E.coli,
Lactobacillus spp, staphylococcus
spp, GBS, group D streptococcus,
Alpha hemolytic streptococcus,
anaerobic streptococcus, G.

vaginalis,Mycoplasma spp, U.

urealyticum

Culture (placental

tissue)

835/835

(100%)

41% of cultured preterm

placentas were positive; E. coli
and Mycoplasma spp were most

common microorganisms.

The microorganisms associated

with high grade/stage

inflammation of chorionic plate

and fetal vasculitis were

Actinomyces spp, Prevotella spp,

Corynebacterium spp, E. coli,
Lactobacillus spp, staphylococcus
spp, GBS, group D streptococcus,
Alpha hemolytic streptococcus,
anaerobic streptococcus, G.

vaginalis,Mycoplasma spp, U.

urealyticum.

In preterm birth delivered by

Caesarean section, high grade/

stage inflammation of the

chorionic plate (OR 4.6; 95%CI

3.2–6.7), chorionic vasculitis (OR

3.9; 95%CI 2.6–5.8) and

umbilical cord vasculitis (OR 3.4;

95%CI 2.2–5.4) were more

associated with bacterial

infection compared to placentas

without inflammation.

Hillier, 1988

[37]

U. urealyticum,M. hominis, G.

vaginalis,Mobiluncus spp,

Peptostreptococcus spp, Bateroides
spp, streptococci, Lactobaccilli

Culture (placental

swab and vaginal

swab) Gram stain

38/74

(51%)

The most common

microorganisms found in

preterm placentas were U.

urealyticum 18/38 (47%) and G.

vaginalis 10/38 (26%).

Bacterial vaginosis was also

associated with histological

chorioamnionitis (OR 2.6, 95%CI

1.0–6.6).

After controlling for

demographic and obstetric

variables, preterm birth was

related to bacterial infections of

placentas (OR 3.8; 95% CI 1.5–

9.9) and with histological

chorioamnionitis (OR 5.0; 95%

CI 1.6–15.3). Any

microorganisms recovered from

the placentas (OR 7.2; 95%CI

2.7–19.5) and U. urealyticum
with or without other organisms

(OR 9.8; 95%CI 3.5–19.5) were

significantly associated with

histological chorioamnionitis,

regardless of gestational age.

Preterm birth did not alter the

result.

Hillier, 1991

[36]

Genital mycoplasma (U.

Urealyticum,M. hominis),
Facultative bacteria (GBS, E.coli,
G. vaginalis, Streptococci,
Enterococcus, Lactobacillus),
Anaerobic bacteria
(Peptostreptococcus,
Fusobacterium, Bacteroides,
Actinomyces,Mobiluncus), Yeast
(C. Albicans)

Culture (placental

swab)

112/268

(42%)

Microorganisms were detected

36/112 (32%) and 29/156 (19%)

placentas in cases (� 34 weeks’

gestation) and controls (>34

weeks’ gestation), respectively.

Two or more bacteria were

identified from 17 (15%) of 112

placentas in the case group

(� 34 weeks’ gestation) and 12

(8%) of 156 placentas in the

control group (>34 weeks’

gestation) (P = 0.05).

Placental histological

chorioamnionitis was detected in

66/112 (59%) of cases and 35/156

(22%) of controls.

Histological chorioamnionitis

and bacterial infection (U.

urealyticum not included) were

strongly associated in cases after

controlling for cofounding

variables e.g. mode of delivery,

duration of membrane rupture

and bacterial vaginosis (OR 7;

95%CI 3.0–16.4). U. urealyticum,

E. coli, Bacteriodes were

significantly associated with

histological chorioamnionitis

(P<0.05). GBS but not

Peptostreptococcus was also

associated with both preterm

delivery and histological

chorioamnionitis.
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Table 2. (Continued)

Author,

Year

Reported pathogenic

microorganism

Diagnostic method No. PTB

(%)

Infection Histopathological abnormalities Triad of histopathology,

infection and PTB

Honma,

2007 [38]

U. urealyticum Culture (placental

swab)

105/105

(100%)

U. urealyticum was positive in

17 placentas (25.8%) of non-

chronic lung disease (N-CLD),

and 15 placentas (38.5%) of

chronic lung disease group.

39/105 (37%) preterm placentas

(<32 weeks’ gestation) had

histological chorioamnionitis.

In multivariate analysis,

histologic chorioamnionitis was

associated with premature

rupture of membrane (OR 10.19;

95%CI: 3.10–33.56), placental

colonization of U. urealyticum

(OR 6.73, 95%CI: 1.89–23.91),

neonatal colonization of other

microorganisms (OR 7.33, 95%

CI: 1.22–44.13).

Other microorganisms detected

in 12 placentas (18.2%) with or

without U. urealyticum were

coagulase-negative
Staphylococcus (CoNS),

Enterococcus, Candida, α-
Streptococcus, Enterobacter,
Bacillus and Mycoplasma
hominis.

21/39 (54%) placentas with

histological chorioamnionitis had

colonisation of U. urealyticum
(OR 6.73, 95% CI:1.89–23.91).

Ingrid, 2011

[39]

Chlamydia trachomatis PCR (placental

tissue)

304/304

(100%)

C. trachomatis was harbored in

76/304 (25%) preterm placentas

(�32 weeks’ gestation).

Histological evidence of placental

inflammation was found in 123/

304 (40%) preterm placentas: 64/

123 (52%) had inflammation of

maternal and fetal placental

tissue, 50/123 (41%) had only

maternal tissue inflammation and

4/123 (3%) had inflammation of

fetal placental tissue. Other

abnormal placental findings such

as peripheral funisitis, acute

villitis, acute intervillositis with

intervillous abscesses were

detected in 5/123 (4%) placentas.

C. trachomatis infection was

more associated with placental

histological inflammation: 41/76

(54%) placentas with C.

trachomatis versus 82/228 (36%)

preterm placentas without C.

trachomatis infection (OR 2.1;

95%CI 1.2–3.5).

Kwak, 2014

[41]

U. urealyticum,M. hominis Culture (vaginal

swab)

179/179

(100%)

112/179 (62%) of vaginal fluid

cultures were positive for

genital mycoplasma (99 cases

were only positive for U.

urealyticum and 13 were

positive for both U. urealyticum
andM. hominis). But no

samples were positive forM.

hominis.

50/179 (28%) of preterm

placentas had histological

chorioamnionitis. However, 36/

112 (32%) of U. urealyticum
positive cases had histological

chorioamnionitis, which was

statistically significant (P<0.05).

Patients with culture positive for

both U. urealyticum andM.

hominis 13/112 (12%) had a

significantly higher proportion of

preterm birth (100% (13/13) vs

73% (73/99), P<0.001) and

histological chorioamnionitis

(62% (8/13) vs 29% (29/99),

P = 0.019) than patients only

positive for U. urealyticum.

Namba, 2010

[44]

Ureaplasma spp Culture (placental

swab) PCR

(placental tissue)

151/151

(100%)

63/151 (42%) of preterm

placentas (<32 weeks’

gestation) harboured

Ureaplasma spp compared to

10/41 (24%) term placentas

(P<0.05).

Histological chorioamnionitis

was more common in preterm

placentas of Ureaplasma spp
positive (52/63, 83%) compared

to placentas without infection

(29/63, 46%), P<0.001.

Histological chorioamnionitis

with funisitis was also

significantly associated with

Ureaplasma positive preterm

placentas than negative group

(46% vs 7%, P<0.001).

In multivariate analysis, the

association between Ureaplasma
spp positivity in preterm

placentas and histological

chorioamnionitis was significant

(OR 8.6; 95%CI 3.72–19.89).

Patel, 2018

[46]

GBS Culture (vaginal and

rectal swab)

181/181

(100%)

GBS was positive in 55/181

(29.4%) of preterm cases.

The rate of histological

chorioamnionitis was not

significantly different between

GBS negative and positive groups

(81/126 (64.2%) vs 38/55 (69%),

P = 0.62). Histologic

chorioamnionitis was associated

with earlier gestational age (29.2

versus 31.3 weeks, P < .0001) at

birth. Earlier gestational age (<30

weeks) was associated with

histological chorioamnionitis

(P<0.001).

This single-centered,

retrospective cohort study

demonstrated that genital GBS

colonization does not appear to

be associated with an increased

rate of Histologic

chorioamnionitis in patients with

PPROM <34 weeks of gestation.
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was significantly increased in preterm placentas from HIV seropositive pregnant women com-

pared to HIV negative women, and concluded that HIV infection was a risk factor for histolog-

ical chorioamnionitis in preterm deliveries [33]. Feist et al. did not find an association between

HPV and enteroviruses in the development of placental histological abnormalities (i.e., villitis

of unknown origin and chronic deciduitis) in both preterm and term pregnancies [32]. Tse-

koura et al. reported a significant association between histological signs of chorioamnionitis

and an adenovirus infection in preterm placentas compared to adenovirus negative samples

[50]. Other viruses commonly causing placental lesions and adverse birth outcomes include

cytomegalovirus, herpes simplex virus, and parvovirus B19. However, no study investigating

these viruses met the inclusion criteria of this review. More information on placental histologi-

cal findings and viral infection can be seen in Table 3.

Placental histopathology in studies of preterm birth with parasitic

infection

The placental histopathological abnormality with P. falciparummalaria infection in pregnancy

was the presence of malarial parasites and/or pigment, while no histological correlate of chor-

ioamnionitis was described in three malaria studies [28, 40, 43]. Ategeka et al. [28] concluded

that the risk of PTB was not increased with histological evidence of placental malaria pigment

in malaria infected pregnant women from Uganda compared to those not-infected. However,

placental malaria pigment is significantly associated with small for gestational age and low

birth weight, and it was recommended to measure adverse birth outcomes in malaria interven-

tion studies, especially in malaria high-transmission areas [28]. Kapisi et al. mentioned that

Table 2. (Continued)

Author,

Year

Reported pathogenic

microorganism

Diagnostic method No. PTB

(%)

Infection Histopathological abnormalities Triad of histopathology,

infection and PTB

Pettker, 2007

[47]

U. urealyticum, Bacteriodes, Gram
(+) anaerobes, E.coli, Group B
Streptococcus, Peptostreptococcus
spp, Streptococcus Pneumoniae

Culture

(amniocentesis

microbial culture,

placental tissue

biopsy, placental

swab)

183/183

(100%)

Of 29/56 amniotic culture

positive preterm samples, the

most common micro-organism

was U. urealyticum (12/

29,31.5%).

Amniotic fluid culture negative

with preterm birth was more

associated with histological

chorioamnionitis and funisitis

than term pregnancy control

group (P<0.001).

“Positive amniotic fluid cultures

with preterm birth had higher

severities (median grades) of

funisitis and acute histologic

chorioamnionitis compared with

those with negative amniotic

cultures and term pregnancy

controls group (P<0.05)”.

Queiros da

Mota, 2013

[48]

Bacteria species including gram
positive and negative

Culture (placental

swab)

202/376

(53.7%)

73/376 (19.4%) placentas were

bacterial culture positive; 38/73

(52%) were preterm placentas.

193 microorganisms were

detected in 152 positive

cultures and gram positive cocci
was the most common.

101/376 (26.9%) placentas had

histological chorioamnionitis; 43/

101 (42%) of term and 53/101

(52%) of preterm placentas. The

rate of positive cultures was

higher in placentas with

histological chorioamnionitis

compared to those without (27%

vs 16%, P = 0.01).

Preterm deliveries (extremely,

plus very, plus moderate, plus

late preterm) in which the

proportion of histologic

chorioamnionitis with positive

and negative cultures was 25%

(14/56) and 75% (42/56)

respectively.

Sweeney

2016 [49]

U. parvum, U. urealyticum, GBS,

Bacteroides, E. coli, G. vaginalis,
Bifidobacterium spp,

Propionibacterium spp

Culture (placental

swab) 16s rRNA

PCR (placental

tissue)

535/535

(100%)

Microorganisms were

identified in 57/535 (10.6%)

placentas. A total of 61

microorganisms were isolated

from these placentas and U.

parvum (36/61, 59%) was the

most prevalent.

Placentas infected by

microorganisms were more likely

to have histological

chorioamnionitis than

noninfected placentas (31/47,

54.4% vs 90/427, 18.8%; P

<0.001), irrespective of

gestational age and ethnicity

(P = 0.528).

Histological chorioamnionitis

was significantly associated with

moderate/late preterm birth in

the presence of Ureaplasma spp
(P<0.001).

Abbreviations: AC, amniocentesis; C. albican, candida albican; C. trachomatis, Chlamydia trachomatis; E.coli, Escherichia coli; GBS, group B streptococcus; G. vaginalis,
Gardnerella vaginalis; M. hominis,Mycoplasma hominis; M. genitalium,Mycoplasma genitalium; spp, species; U. urealyticum, Ureaplasma urealyticum; U. parvum,

Ureaplasma parvum.

https://doi.org/10.1371/journal.pone.0255902.t002
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Table 3. Identified viral infection and histopathological changes in preterm birth.

Author,

Year

Reported

pathogenic

microorganism

Diagnostic method No. PTB

(%)

Infection Histopathological

abnormalities

Triad of histopathology,

infection and PTB

Ategeka,

2019 [29]

HIV Not mentioned 18/193

(9.4%)

All women had HIV and

treated with combination of

ART for >90 days (67.4%),

and were WHO HIV disease

stage 1 (asymptomatic)

(94.8%).

102/193 (52.8%) of placentas

had either maternal and/or fetal

histological chorioamnionitis.

44.5% (22.5% mild, 11.0%

moderate, 11.0% severe) and

28.0% (17.6% mild, 9.3%

moderate, 1.0% severe) of

placentas had maternal and fetal

histological chorioamnionitis,

respectively.

Risk of preterm birth was

significantly associated with

severe maternal histological

chorioamnionitis compared to

none-mild in HIV infected

women (28.6% vs 6.0%; aOR

6.04; 95%CI 1.87–19.5,

P = 0.003). Risk of preterm birth

was not associated with fetal

histological chorioamnionitis.

Feist, 2020

[32]

HPV, enterovirus HPV-PCR and

RT-PCR for

enterovirus

14/50

(28%)

HPV and enterovirus were

not detected in any specimen

with abnormal placental

histopathology findings

(VUE and CD).

20 cases with VUE and 30 cases

with chronic deciduitis with

plasma cells were included.

A causal role for enterovirus and

HPV in the development of VUE

and CD was unlikely.

CD (but not VUE) was

associated with PTB (4/30,15%)

and PPROM (7/30, 26%).

Gichangi,

1993 [33]

HIV Enzyme

immunoassay

(EIA), confirmed by

Western Blot

117/467

(31.4%)

Maternal HIV-1 positive rate

was 3.1% in 216 liveborn

term and 8.6% in 117

preterm births. Maternal

HIV-1 was independently

associated with preterm birth

OR 2.1 95%CI 1.1–4.0).

Preterm birth was strongly

associated with histological

chorioamnionitis (OR 2.3; 95%

CI 1.4–3.8, P<0.001), funisitis

(OR 6.7; 95%CI 3.2–14.2,

P<0.001) and villitis (OR 7.8;

95%CI 12.0–35.5, P<0.001).

In HIV positive mothers,

preterm placentas were

associated with moderate to

severe chorioamnionitis (OR 3.2;

95%CI 1.1–9.5, P<0.05) and

moderate to severe funisitis (OR

6.1; 95%CI 1.2–42.7, P<0.05)

compared to HIV negative

preterm placentas.

Ladner,

1998 [42]

HIV Enzyme link

immunosorbent

assay (ELISA)

39/275

(14%)

275 HIV negative and 286

HIV positive placenta were

examined. The rate of STDs

(24–28 weeks gestation, and

all treated) was not

statistically different by HIV

serostatus.

Histological chorioamnionitis

was not associated with

serostatus: 27 (9.8%) HIV

positive and 28 (9.8%) HIV

negative women. No statistical

association, independent of HIV

serostatus, was found between

histological chorioamnionitis

and STDs.

In HIV positive women but not

HIV negative women, the risk of

preterm birth and premature

rupture of membranes was

higher in histological

chorioamnionitis than in

controls (RR 3.0; 95%CI 1.5–6.3,

P = 0.003) and (RR 2.9; 95%CI

1.4–6.1, P = 0.01).

Ombimbo,

2019 [45]

HIV Not mentioned 81/101

(80.2%)

38/81 (47%) preterm

placentas were HIV positive

cases and 43/81 (53%) were

HIV negative.

Placental histopathological

features including immature

villi, syncytial knotting, villitis

and deciduitis were not

significantly different between

HIV positive and negative

preterm placentas.

The following placental

histopathological changes

between HIV positive and HIV

negative preterm placentas were

significantly different; fibrinoid

deposition with villous

degeneration (59% vs 27%,

P = 0.026), syncytiotrophoplast

delamination (46% vs 9%,

P = 0.006), increased red cell

adhesion to terminal villi (50% vs

9%, P = 0.003) and increased

number of capillaries (32% vs

0%, P<0.05).
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the risk of PTB was significantly higher if malaria parasites were detected in the placenta in

comparison with non-malaria infected cases, and placental malaria pigment was not associated

with preterm deliveries [40]. Lufele et al. also reported an association between histopathologi-

cally confirmed placental malaria infection and adverse birth outcomes. A chronic infection,

defined as the presence of malaria parasites and pigment deposition in monocytes and/or

fibrin, was significantly associated with increased risk of PTB, while acute placental infection,

defined as the presence of malaria parasites but not pigment, increased the risk of PTB at a

non-significant level [43]. Saad et al. investigated an association between a Toxoplasma gondii
infection and PTB by using the mean histopathological score based on abnormalities such as

fibrin deposition, intervillous haemorrhage, villous degeneration and fibrosis, haemorrhage

and nearby inflammatory cellular infiltrate and infarction [34]. They reported that the highest

pathological score was observed in anti-toxoplasma IgM positive cases compared to anti-toxo-

plasma IgM/IgG negative cases [34]. No other studies on parasites such as soil transmitted hel-

minths, Schistosomiasis, Trichomonas vaginalis, Giardia, Cryptosporidium were identified for

this review. The detailed information on included studies is shown in Table 4.

Discussion

To our knowledge, this is the first systematic literature review to summarise placental histolog-

ical abnormalities in PTB cases with a confirmed infection. The strength of this review is that

it includes studies reporting the triad of placental histopathology, infection and PTB, allowing

an inference on the causal pathways. However, the heterogeneity across studies meant it was

not possible to combine the results in a meta-analysis as the included studies had different

study designs, employed various diagnostic techniques to confirm causative pathogens with

different test sensitivities, and used various systems for placental histopathological classifica-

tion. Additionally, several PTB subcategories (spontaneous PTB with intact membranes,

PPROM and indicated or induced due to maternal or fetal complications) were investigated in

most of the reviewed studies, again preventing data pooling. Only 12 articles specified in the

Methods section that gestational age was determined by ultrasound. Notably, only one in three

studies were conducted in an LMIC, where neonatal mortality from PTB is highest [69]. Fur-

ther limitations of this systematic review are that it fails to explore the association between spe-

cific causative microorganisms and specific placental histopathological changes due to study

Table 3. (Continued)

Author,

Year

Reported

pathogenic

microorganism

Diagnostic method No. PTB

(%)

Infection Histopathological

abnormalities

Triad of histopathology,

infection and PTB

Tsekoura,

2010 [50]

Adenovirus PCR (placenta

tissue)

37/58

(63.8%)

Detection of adenovirus was

higher in preterm (29/71,

40.8%) than term placentas

(25/122, 20.5%), (OR 2.7;

95%CI 1.4–5.1, P = 0.002).

Histological chorioamnionitis

was more common in preterm

than term placentas (49% vs.

19%; P = 0.025). In preterm

placentas, histological

chorioamnionitis was more

common in adenovirus PCR-

positive than adenovirus

negative samples (75% vs. 36%;

P = 0.026).

In adenovirus PCR-positive

placentas, histological

chorioamnionitis was more

frequent in preterm than term

placentas (75% vs. 36%;

P = 0.003). However, in

adenovirus PCR-negative

placentas, abnormal histological

findings did not differ

significantly between preterm

and term (36% vs. 20%;

P = 0.488).

Abbreviations: ART, anti-retroviral therapy; CD, chronic deciduitis;HIV, human immunodeficiency virus; HPV, human papilloma virus; OR, Odds ratio; PCR,

polymerase chain reaction; VUE, villitis of unknown origin.

https://doi.org/10.1371/journal.pone.0255902.t003
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Table 4. Identified parasitic infection and histopathological changes in preterm birth.

Author,

Year

Reported

pathogenic

microorganism

Diagnostic method No. of

PTB (%)

Infection Histopathological

abnormalities

Triad of histopathology,

infection and PTB

Ategeka,

2020 [28]

P. falciparum Placental blood smear,

placental blood for LAMP,

placental histopathology

37/637

(5.8%)

51.8% had microscopic

parasitemia, and 82.3% had

microscopic or

submicroscopic parasitemia.

Women randomized to IPTp

with SP had a significantly

higher prevalence of malaria at

delivery compared with women

randomized to IPTp with DP:

evidence of parasites or malaria

pigment by histopathology

(61.7% vs 28.2%, P< 0.001).

By binary classification, any

malaria parasite or pigment

detected by placental

histopathology did not

increase the risk of preterm

birth (aRR 1.09; 95%CI 0.54–

2.2, P = 0.82) but was

associated with an increased

risk for SGA (aRR 2.11; 95%

CI 1.25–3.54, P = 0.005). By

using the Bulmer

classification system, acute-

chronic infection (parasite

and pigment detected) was

not associated with PTB (aRR

1.64; 95%CI 0.47–5.76,

P = 0.44), SGA (aRR 0.88;

95%CI 0.21–3.64, P = 0.86) or

LBW (aRR 2.01; 95%CI 0.59–

6.88, P = 0.27) compared to

malaria uninfected samples.

However, past-chronic

infection (only malaria

pigment detected) was

associated with increased risk

for SGA (aRR 2.14; 95%CI

1.27–3.60, P = 0.004) but not

PTB (aRR 1.06; 95%CI 0.51–

2.18, P = 0.88).

Kapisi,

2017 [40]

P. falciparum Microscopy of placental

blood smear, LAMP

detection of parasite DNA

in placental blood,

placental histopathology

26/282

(9.2%)

Of 282 women, 52 (18.4%)

had no episodes of

symptomatic malaria or

asymptomatic parasitemia

during the pregnancy, 157

(55.7%) had low malaria

burden (0–1 episodes of

symptomatic malaria

and < 50% of samples

LAMP+), and 73 (25.9%)

had high malaria burden

during pregnancy (� 2

episodes of symptomatic

malaria or� 50% of samples

LAMP+).

Compared to women with no

malaria exposure during

pregnancy, the risk of placental

malaria by histopathology was

higher among low and high

burden groups (aRR 3.27; 95%

CI 1.32–8.12 and aRR 7.07; 95%

CI 2.84–17.6). Detection of

placental parasites by any

method was significantly

associated with PTB (aRR 5.64;

95%CI 1.46–21.8), irrespective

of the level of malaria burden

during pregnancy.

After adjustment (gravidity,

IPTp), PTB was significantly

associated with any malaria

burden during pregnancy

plus placental parasites

detected by microscopy of

placental blood smear, LAMP

detection of dried placental

blood spot and placental

histopathology (aRR 5.88;

95%CI 1.02–34.0, P = 0.048).

Risk of PTB was not

significantly associated with

any malaria burden during

pregnancy when pigment

only was detected by

placental histopathology

(aRR 1.74; 95%CI 0.34–8.96,

P = 0.51).
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diversity; and that title and abstract screening of more than 1500 manuscripts has a possibility

that some studies were inadvertently overlooked.

Histological examination of the placenta is a very useful tool for assessing the multifactorial

aetiology of PTB [70] as well as other adverse pregnancy outcomes (e.g., stillbirth and SGA)

[71]. While placental tissue sample collection and the classification system of placental histo-

logical abnormalities varied, histological chorioamnionitis was common and strongly associ-

ated with PTB in the presence of both bacterial and viral infection in this systematic review. In

malaria, histopathology can confirm infection, although it is not usually described as chor-

ioamnionitis. The placental malaria confirmed by histopathological examination (presence of

malaria infected red blood cells or malaria pigment in the intervillous space) is a better diag-

nostic tool for malaria infection rather than peripheral blood film due to subpatent infections

and it is frequently used to assess the adverse pregnancy outcomes in malaria studies [21–23,

61, 63]. Lufele et al. found that chronic placental malaria infection increased the risk of PTB

but the risk of PTB was not increased in patients with acute placental malaria infection [43].

Similarly, Kapisi et al. found that the risk of PTB was significantly higher if malaria parasites,

but not pigment, were detected in the placenta. Although the association between PTB and

Table 4. (Continued)

Author,

Year

Reported

pathogenic

microorganism

Diagnostic method No. of

PTB (%)

Infection Histopathological

abnormalities

Triad of histopathology,

infection and PTB

Lufele,

2017 [43]

P. falciparum Peripheral blood smear

(thick and thin films),

placental histopathology

81/962a

(8.4%)

11.9% (172/1448)

experienced symptomatic

malaria during their

pregnancy.

Of 1451 placentas examined,

18.5% (269/1451) showed

evidence of current or past PM.

There were 7.5% active

infections [3.7% (54/1451)

acute, and 3.8% (55/1451)

chronic], and 11.0% (160/1451)

past infections.

After adjustment for

cofounding variables, women

with chronic placental

malaria infection significantly

had an increased risk of PTB

compared to malaria

uninfected women (OR 3.92;

95%CI 1.64–9.38, P = 0.002).

Although acute placental

malaria infection was more

likely to have PTB, the

finding was not significant

(OR 2.33; 95%CI 0.86–6.35,

P = 0.097).

Saad,

2017 [34]

Toxoplasma
Gondii

Anti-toxoplasma gondii
IgM and IgG by Indirect

haemagglutination assay

(sensitivity threshold 8 IU/

ml)

37/240

(15.4%)

60 in each group defined as

Group A: anti-Toxoplasma
IgM and IgG negative;

Group B: positive anti-

Toxoplasma IgM or IgM

seroconversion in mother

and neonate; Group C: rising

anti-Toxoplasma IgG during

pregnancy; Group D: fixed

low (non-rising) anti-

Toxoplasma IgG during

pregnancy.

The common placental

histopathological findings in

the IgM-positive group (group

B) were fibrin deposition,

intervillous haemorrhage,

villous degeneration and

fibrosis, haemorrhage and

nearby inflammatory cellular

infiltrate and infarction. Group

C exhibited higher percentages

of inflammatory changes then

group D.

The detected abnormal

placental findings were

calculated and reported as the

pathological mean score. This

score was significantly higher

(P < .001) in IgM-positive

cases who ended with

miscarriage or PTB

(9.28 ± 0.83 and 6.80 ± 0.68,

respectively) compared with

IgG rising cases with the

same pregnancy outcomes

(4.88 ± 0.35 and 4.05 ± 0.65,

respectively).

Abbreviations: ACA, (acute) chorioamnionitis; aRR, adjusted risk ratio; BMT, basal membrane thickening; CMV, cytomegalovirus; GBS, group B streptococcus; HPV,

human papilloma virus, IAI, intra-amniotic inflammation; LAMP, Loop-mediated isothermal amplification; MIAC, microbial invasion of the amniotic cavity; OR, odds

ratio; PLMN, polymorphonuclear leuocyte; PPROM, preterm premature rupture of membranes; PRBC, parasitised red blood cell; PTB, preterm birth; SGA, small for

gestational age.
a Total sample size was 1451 participants but only 962 patients had ultrasound scans to determine preterm birth.

https://doi.org/10.1371/journal.pone.0255902.t004
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placental malaria remains inconclusive, it was significantly associated with other adverse birth

outcomes such as SGA and miscarriage [28, 40, 43]. The only other study in the parasitic sub-

group was of toxoplasmosis in which placental histopathological findings were more similar to

acute and chronic inflammatory changes reported for bacteria, although the authors created

their own detailed scoring system [34].

A methodological limitation in the process of diagnosing histological chorioamnionitis is

that selection of a piece of placental tissue may lead to sampling of a segment with missing

focal lesions in the placenta. Additionally, there is sparse evidence in humans on the time it

takes for ascending intrauterine infection to result in detectable histologic chorioamnionitis

which could have resulted in negative histopathology in the presence of confirmed infection

[72]. It should be considered in future studies [48]. Pettker et al. concluded that histopatholog-

ical examination of the placenta and microbiological tests fail to diagnose intra-amniotic

inflammation and that caution is required in vaginal deliveries due to bacterial contamination

or colonisation [47]. For an accurate interpretation of histopathological findings, clinical and

procedural details should be reported. This includes exposure to antibiotics or antivirals,

length of membrane rupture, number of vaginal examinations, and ascending bacterial infec-

tion. These important clinical factors were not adequately described in most of the included

studies (S2 Table) and remain an area for improvement in future PTB studies.

Causality between histopathological changes in the placental tissue, PTB and infection can

only be established if the causative pathogen is identified. The development of more sensitive,

non-selective diagnostic tools over the last few years, provides researchers with additional

options to unravel the link between the triad of PTB, infection and placental histopathological

abnormalities [73]. Diagnostic tools reported in the reviewed studies included bacteriological

culture, nucleic amplification techniques, immunohistochemical staining of placental tissue,

with only one study using 16S rRNA sequencing [49]. Improved methods will increase the

range of detected pathogens and lead to an improved understanding of gestational tissue infec-

tion. Contamination of the placenta and membranes can occur due to PPROM or during pas-

sage through the vagina, or skin during Caesarean section, and sequencing methods do not

distinguish between viable and non-viable bacteria [74, 75]. Some authors in this review indi-

cated that the role of infection in PTB may be underestimated due to limitations in the diag-

nostic methods [31, 47, 49], the difficulty of distinguishing between colonisation and

contamination [35], and decreased bacterial abundance due to antibiotic treatment prior to

tissue sampling [32, 34, 35]. No manuscript in this review reached the ideal “gold standard” to

link the pathogen and placental histopathology of “amniotic fluid culture/polymerase chain

reaction (PCR) and placental pathology” [70]. Only one study included amniotic fluid culture

[47] and only four used a PCR test to establish the presence of microorganisms [30, 39, 44, 50].

Current consensus is that PTB is a syndrome, not a single clinical entity, that involves

inherited predisposition, and maternal, fetal factors and placental factors, as well as signs of

initiation of parturition and mode of delivery [76, 77]. Suggestions to improve future research

on this subject include: i) adherence to internationally recognised classification of PTB sub-

groups; ii) adherence to standard methods of placental sampling and histopathology classifica-

tion (including severity); iii) a careful approach to study design as well as sensitive and specific

infection detection methods, and iv) an effort to associate placental histopathology, PTB and

infection.

Supporting information

S1 Table. Search terms used for systematic review.

(DOCX)

PLOS ONE Placental histopathology in preterm birth with confirmed maternal infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0255902 August 12, 2021 16 / 21

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255902.s001
https://doi.org/10.1371/journal.pone.0255902


S2 Table. Clinical characteristics associated with placental histopathology.

(DOCX)

S3 Table. Risk of bias assessment using Newcastle-Ottawa Scale (NOS).

(DOCX)

S4 Table. Placental histopathological sample collection and classification system.

(DOCX)

S1 Checklist.

(DOCX)

Acknowledgments

Special thanks to colleagues including Aung Pyae Phyo for allowing me to use a map of the

included studies (under CCBY 4.0 license) and Tobias Brummaier for his helpful suggestions

on this review.

Author Contributions

Conceptualization: Aung Myat Min, Julie A. Simpson, Stephen H. Kennedy, François H. Nos-

ten, Rose McGready.

Data curation: Aung Myat Min, Makoto Saito.

Formal analysis: Aung Myat Min.

Investigation: Aung Myat Min.

Methodology: Aung Myat Min, Makoto Saito, Rose McGready.

Project administration: Aung Myat Min.

Resources: Aung Myat Min.

Software: Aung Myat Min.

Supervision: Makoto Saito, Julie A. Simpson, Stephen H. Kennedy, François H. Nosten, Rose

McGready.

Validation: Aung Myat Min, François H. Nosten, Rose McGready.

Visualization: Aung Myat Min.

Writing – original draft: Aung Myat Min.

Writing – review & editing: Aung Myat Min, Makoto Saito, Julie A. Simpson, Stephen H.

Kennedy, François H. Nosten, Rose McGready.

References

1. Frey HA, Klebanoff MA. The epidemiology, etiology, and costs of preterm birth. Semin Fetal Neonatal

Med. 2016; 21(2):68–73. https://doi.org/10.1016/j.siny.2015.12.011 PMID: 26794420

2. Harrison MS, Goldenberg RL. Global burden of prematurity. Semin Fetal Neonatal Med. 2016;

21(2):74–9. https://doi.org/10.1016/j.siny.2015.12.007 PMID: 26740166

3. Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan D, et al. Global, regional,

and national estimates of levels of preterm birth in 2014: a systematic review and modelling analysis.

Lancet Glob Health. 2019; 7(1):e37–e46. https://doi.org/10.1016/S2214-109X(18)30451-0 PMID:

30389451

PLOS ONE Placental histopathology in preterm birth with confirmed maternal infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0255902 August 12, 2021 17 / 21

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255902.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255902.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255902.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255902.s005
https://doi.org/10.1016/j.siny.2015.12.011
http://www.ncbi.nlm.nih.gov/pubmed/26794420
https://doi.org/10.1016/j.siny.2015.12.007
http://www.ncbi.nlm.nih.gov/pubmed/26740166
https://doi.org/10.1016/S2214-109X%2818%2930451-0
http://www.ncbi.nlm.nih.gov/pubmed/30389451
https://doi.org/10.1371/journal.pone.0255902


4. Smid MC, Stringer EM, Stringer JS. A Worldwide Epidemic: The Problem and Challenges of Preterm

Birth in Low- and Middle-Income Countries. Am J Perinatol. 2016; 33(3):276–89. https://doi.org/10.

1055/s-0035-1571199 PMID: 26841086

5. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of preterm birth. The Lan-

cet. 2008; 371(9606):75–84. https://doi.org/10.1016/S0140-6736(08)60074-4 PMID: 18177778

6. Howson CP, Kinney MV, McDougall L, Lawn JE; Born Too Soon Preterm Birth Action Group. Born too

soon: preterm birth matters. Reprod Health. 2013; 10 Suppl 1(Suppl 1):S1. https://doi.org/10.1186/

1742-4755-10-S1-S1 Epub 2013 Nov 15. PMID: 24625113.

7. Moster D, Lie RT, Markestad T. Long-term medical and social consequences of preterm birth. N Engl J

Med. 2008; 359(3):262–73. https://doi.org/10.1056/NEJMoa0706475 PMID: 18635431

8. Gladstone M, Oliver C, Van den Broek N. Survival, morbidity, growth and developmental delay for

babies born preterm in low and middle income countries—a systematic review of outcomes measured.

PLoS One. 2015; 10(3):e0120566. https://doi.org/10.1371/journal.pone.0120566 PMID: 25793703

9. Feist H, von Kaisenberg C, Hussein K. Pathoanatomical and clinical aspects of the placenta in preterm

birth. Pathologe. 2017; 38(4):248–59. https://doi.org/10.1007/s00292-016-0156-x PMID: 27255227

10. Redline RW, Faye-Petersen O, Heller D, Qureshi F, Savell V, Vogler C. Amniotic Infection Syndrome:

Nosology and Reproducibility of Placental Reaction Patterns. Pediatr Dev Pathol. 2003; 6(5):435–48.

https://doi.org/10.1007/s10024-003-7070-y PMID: 14708737

11. Ptacek I, Sebire NJ, Man JA, Brownbill P, Heazell AE. Systematic review of placental pathology

reported in association with stillbirth. Placenta. 2014; 35(8):552–62. https://doi.org/10.1016/j.placenta.

2014.05.011 PMID: 24953162

12. Ericksen K, Fogel J, Verma RP. Placental histopathology in late preterm infants: clinical implications.

Clin Exp Pediatr. 2020; 63(2):48–51. https://doi.org/10.3345/kjp.2019.00038 PMID: 31431602

13. Kim CJ, Romero R, Chaemsaithong P, Kim JS. Chronic inflammation of the placenta: definition, classifi-

cation, pathogenesis, and clinical significance. Am J Obstet Gynecol. 2015; 213(4):S53–S69.

14. Morgan TK. Role of the Placenta in Preterm Birth: A Review. American journal of perinatology. 2016;

33(3):258–66. https://doi.org/10.1055/s-0035-1570379 PMID: 26731184

15. Morgan TK, Pereira L, Lapidus J, Laderman EI, Naranatt PP, Combs A. Placental villous hypermatura-

tion is associated with idiopathic preterm labor: Multicenter study. J Matern Fetal Neonatal Med.

2013:183A.

16. Andrews WW, Hauth JC, Goldenberg RL. Infection and preterm birth. Am J Perinatol. 2000; 17(7):357–

65. https://doi.org/10.1055/s-2000-13448 PMID: 12141522

17. Romero R, Espinoza J, Kusanovic JP, Gotsch F, Hassan S, Erez O, et al. The preterm parturition syn-

drome. BJOG. 2006; 113(SUPPL. 3):17–42.

18. DiGiulio DB, Callahan BJ, McMurdie PJ, Costello EK, Lyell DJ, Robaczewska A, et al. Temporal and

spatial variation of the human microbiota during pregnancy. Proc Natl Acad Sci U S A. 2015; 112

(35):11060–5. https://doi.org/10.1073/pnas.1502875112 PMID: 26283357

19. Nadeau HC, Subramaniam A, Andrews WW. Infection and preterm birth. Semin Fetal Neonatal Med.

2016; 21(2):100–5. https://doi.org/10.1016/j.siny.2015.12.008 PMID: 26778525

20. Redline RW. Inflammatory response in acute chorioamnionitis. Semin Fetal Neonatal Med. 2012 Feb;

17(1):20–5. https://doi.org/10.1016/j.siny.2011.08.003 Epub 2011 Aug 23. PMID: 21865101.

21. Redline RW. Classification of placental lesions. Am J Obstet Gynecol. 2015 Oct; 213(4 Suppl):S21–8.

https://doi.org/10.1016/j.ajog.2015.05.056 PMID: 26428500.

22. Ismail MR, Ordi J, Menendez C, Ventura PJ, Aponte JJ, Kahigwa E, et al. Placental pathology in

malaria: a histological, immunohistochemical, and quantitative study. Hum Pathol. 2000 Jan; 31(1):85–

93. https://doi.org/10.1016/s0046-8177(00)80203-8 PMID: 10665918.

23. Bulmer JN, Rasheed FN, Francis N, Morrison L, Greenwood BM. Placental malaria. I. Pathological clas-

sification. Histopathology. 1993; 22(3):211–8. https://doi.org/10.1111/j.1365-2559.1993.tb00110.x

PMID: 8495954

24. Chisholm KM, Norton ME, Penn AA, Heerema-McKenney A. Classification of Preterm Birth With Pla-

cental Correlates. Pediatr Dev Pathol. 2018 Nov-Dec; 21(6):548–560. https://doi.org/10.1177/

1093526618775958 Epub 2018 May 14. PMID: 29759046.

25. Min AM, McGready R. A systematic review on placenta histopathology and infection in association with

preterm birth: PROSPERO; 2019 [https://www.crd.york.ac.uk/prospero/display_record.php?ID=

CRD42019137099.

26. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:

PLOS ONE Placental histopathology in preterm birth with confirmed maternal infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0255902 August 12, 2021 18 / 21

https://doi.org/10.1055/s-0035-1571199
https://doi.org/10.1055/s-0035-1571199
http://www.ncbi.nlm.nih.gov/pubmed/26841086
https://doi.org/10.1016/S0140-6736%2808%2960074-4
http://www.ncbi.nlm.nih.gov/pubmed/18177778
https://doi.org/10.1186/1742-4755-10-S1-S1
https://doi.org/10.1186/1742-4755-10-S1-S1
http://www.ncbi.nlm.nih.gov/pubmed/24625113
https://doi.org/10.1056/NEJMoa0706475
http://www.ncbi.nlm.nih.gov/pubmed/18635431
https://doi.org/10.1371/journal.pone.0120566
http://www.ncbi.nlm.nih.gov/pubmed/25793703
https://doi.org/10.1007/s00292-016-0156-x
http://www.ncbi.nlm.nih.gov/pubmed/27255227
https://doi.org/10.1007/s10024-003-7070-y
http://www.ncbi.nlm.nih.gov/pubmed/14708737
https://doi.org/10.1016/j.placenta.2014.05.011
https://doi.org/10.1016/j.placenta.2014.05.011
http://www.ncbi.nlm.nih.gov/pubmed/24953162
https://doi.org/10.3345/kjp.2019.00038
http://www.ncbi.nlm.nih.gov/pubmed/31431602
https://doi.org/10.1055/s-0035-1570379
http://www.ncbi.nlm.nih.gov/pubmed/26731184
https://doi.org/10.1055/s-2000-13448
http://www.ncbi.nlm.nih.gov/pubmed/12141522
https://doi.org/10.1073/pnas.1502875112
http://www.ncbi.nlm.nih.gov/pubmed/26283357
https://doi.org/10.1016/j.siny.2015.12.008
http://www.ncbi.nlm.nih.gov/pubmed/26778525
https://doi.org/10.1016/j.siny.2011.08.003
http://www.ncbi.nlm.nih.gov/pubmed/21865101
https://doi.org/10.1016/j.ajog.2015.05.056
http://www.ncbi.nlm.nih.gov/pubmed/26428500
https://doi.org/10.1016/s0046-8177%2800%2980203-8
http://www.ncbi.nlm.nih.gov/pubmed/10665918
https://doi.org/10.1111/j.1365-2559.1993.tb00110.x
http://www.ncbi.nlm.nih.gov/pubmed/8495954
https://doi.org/10.1177/1093526618775958
https://doi.org/10.1177/1093526618775958
http://www.ncbi.nlm.nih.gov/pubmed/29759046
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019137099
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019137099
https://doi.org/10.1371/journal.pone.0255902


explanation and elaboration. BMJ. 2009; 339:b2700. https://doi.org/10.1136/bmj.b2700 PMID:

19622552

27. Wells G SB, O’Connell D, Peterson J, Welch V, Losos M. The Newcastle-Ottawa Scale (NOS) for

Assessing the Quality of Nonrandomised Studies in Meta-Analyses.

28. Ategeka J, Kakuru A, Kajubi R, Wasswa R, Ochokoru H, Arinaitwe E, et al. Relationships Between Mea-

sures of Malaria at Delivery and Adverse Birth Outcomes in a High-Transmission Area of Uganda. J

Infect Dis. 2020 Aug 4; 222(5):863–870. https://doi.org/10.1093/infdis/jiaa156 PMID: 32249917.

29. Ategeka J, Wasswa R, Olwoch P, Kakuru A, Natureeba P, Muehlenbachs A, et al. The prevalence of

histologic acute chorioamnionitis among HIV infected pregnant women in Uganda and its association

with adverse birth outcomes. PLoS One. 2019; 14(4):e0215058. https://doi.org/10.1371/journal.pone.

0215058 PMID: 30973949

30. Cox C, Saxena N, Watt AP, Gannon C, McKenna JP, Fairley DJ, et al. The common vaginal commensal

bacterium Ureaplasma parvum is associated with chorioamnionitis in extreme preterm labor. Journal of

Maternal-Fetal and Neonatal Medicine. 2016; 29(22):3646–51. https://doi.org/10.3109/14767058.2016.

1140734 PMID: 26795404

31. Dammann O, Allred EN, Genest DR, Kundsin RB, Leviton A. Antenatal mycoplasma infection, the fetal

inflammatory response and cerebral white matter damage in very-low-birthweight infants. Paediatr Peri-

nat Epidemiol. 2003; 17(1):49–57. https://doi.org/10.1046/j.1365-3016.2003.00470.x PMID: 12562472

32. Feist H, Hussein K, Stucki-Koch A, Wohlschlaeger J, Hager T, Blocker T, et al. Villitis of unknown etiol-

ogy and chronic deciduitis are not associated with human papilloma virus and enterovirus infection.

Virchows Arch. 2020; 477(1):73–81. https://doi.org/10.1007/s00428-020-02765-0 PMID: 32025822

33. Gichangi PB, Nyongo AO, Temmerman M. Pregnancy outcome and placental weights: their relation-

ship to HIV-1 infection. East Afr Med J. 1993; 70(2):85–9. PMID: 8513748

34. Hasby Saad M, El-Anwar N, Lotfy S, Fouda M, Hasby E. Human placental PPAR-γ and SOX-2 expres-

sion in serologically proved toxoplasmosis. Parasite Immunol. 2018; 40(6). https://doi.org/10.1111/pim.

12529 PMID: 29577332

35. Hecht JL, Onderdonk A, Delaney M, Allred EN, Kliman HJ, Zambrano E, et al. ELGAN Study Investiga-

tors. Characterization of chorioamnionitis in 2nd-trimester C-section placentas and correlation with

microorganism recovery from subamniotic tissues. Pediatr Dev Pathol. 2008 Jan-Feb; 11(1):15–22.

https://doi.org/10.2350/07-06-0285.1 PMID: 18237241.

36. Hillier SL, Krohn MA, Kiviat NB, Watts DH, Eschenbach DA. Microbiologic causes and neonatal out-

comes associated with chorioamnion infection. Am J Obstet Gynecol. 1991; 165(4 PART 1):955–61.

https://doi.org/10.1016/0002-9378(91)90447-y PMID: 1951562

37. Hillier SL, Martius J, Krohn M, Kiviat N, Holmes KK, Eschenbach DA. A case-control study of chorioam-

nionic infection and histologic chorioamnionitis in prematurity. N Engl J Med. 1988; 319(15):972–8.

https://doi.org/10.1056/NEJM198810133191503 PMID: 3262199

38. Honma Y, Yada Y, Takahashi N, Momoi MY, Nakamura Y. Certain type of chronic lung disease of new-

borns is associated with Ureaplasma urealyticum infection in utero. Pediatr Int. 2007; 49(4):479–84.

https://doi.org/10.1111/j.1442-200X.2007.02391.x PMID: 17587272

39. Rours GI, de Krijger RR, Ott A, Willemse HF, de Groot R, Zimmermann LJ,et al. Chlamydia trachomatis

and placental inflammation in early preterm delivery. Eur J Epidemiol. 2011 May; 26(5):421–8. https://

doi.org/10.1007/s10654-011-9569-2 Epub 2011 Mar 24. PMID: 21431838.

40. Kapisi J, Kakuru A, Jagannathan P, Muhindo MK, Natureeba P, Awori P, et al. Relationships between

infection with Plasmodium falciparum during pregnancy, measures of placental malaria, and adverse

birth outcomes. Malar J. 2017; 16.

41. Kwak DW, Hwang HS, Kwon JY, Park YW, Kim YH. Co-infection with vaginal Ureaplasma urealyticum

and Mycoplasma hominis increases adverse pregnancy outcomes in patients with preterm labor or

preterm premature rupture of membranes. Journal of Maternal-Fetal and Neonatal Medicine. 2014;

27(4):333–7. https://doi.org/10.3109/14767058.2013.818124 PMID: 23796000

42. Ladner J, Leroy V, Hoffman P, Nyiraziraje M, De Clercq A, Van de Perre P, et al. Chorioamnionitis and

pregnancy outcome in HIV-infected African women. Pregnancy and HIV Study Group. J Acquir Immune

Defic Syndr Hum Retrovirol. 1998; 18(3):293–8. https://doi.org/10.1097/00042560-199807010-00015

PMID: 9665509

43. Lufele E, Umbers A, Ordi J, Ome-Kaius M, Wangnapi R, Unger H, et al. Risk factors and pregnancy out-

comes associated with placental malaria in a prospective cohort of Papua New Guinean women. Malar

J. 2017; 16(1):427. https://doi.org/10.1186/s12936-017-2077-4 PMID: 29065884

44. Namba F, Hasegawa T, Nakayama M, Hamanaka T, Yamashita T, Nakahira K, et al. Placental features

of chorioamnionitis colonized with Ureaplasma species in preterm delivery. Pediatr Res. 2010; 67

(2):166–72. https://doi.org/10.1203/PDR.0b013e3181c6e58e PMID: 19858776

PLOS ONE Placental histopathology in preterm birth with confirmed maternal infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0255902 August 12, 2021 19 / 21

https://doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
https://doi.org/10.1093/infdis/jiaa156
http://www.ncbi.nlm.nih.gov/pubmed/32249917
https://doi.org/10.1371/journal.pone.0215058
https://doi.org/10.1371/journal.pone.0215058
http://www.ncbi.nlm.nih.gov/pubmed/30973949
https://doi.org/10.3109/14767058.2016.1140734
https://doi.org/10.3109/14767058.2016.1140734
http://www.ncbi.nlm.nih.gov/pubmed/26795404
https://doi.org/10.1046/j.1365-3016.2003.00470.x
http://www.ncbi.nlm.nih.gov/pubmed/12562472
https://doi.org/10.1007/s00428-020-02765-0
http://www.ncbi.nlm.nih.gov/pubmed/32025822
http://www.ncbi.nlm.nih.gov/pubmed/8513748
https://doi.org/10.1111/pim.12529
https://doi.org/10.1111/pim.12529
http://www.ncbi.nlm.nih.gov/pubmed/29577332
https://doi.org/10.2350/07-06-0285.1
http://www.ncbi.nlm.nih.gov/pubmed/18237241
https://doi.org/10.1016/0002-9378%2891%2990447-y
http://www.ncbi.nlm.nih.gov/pubmed/1951562
https://doi.org/10.1056/NEJM198810133191503
http://www.ncbi.nlm.nih.gov/pubmed/3262199
https://doi.org/10.1111/j.1442-200X.2007.02391.x
http://www.ncbi.nlm.nih.gov/pubmed/17587272
https://doi.org/10.1007/s10654-011-9569-2
https://doi.org/10.1007/s10654-011-9569-2
http://www.ncbi.nlm.nih.gov/pubmed/21431838
https://doi.org/10.3109/14767058.2013.818124
http://www.ncbi.nlm.nih.gov/pubmed/23796000
https://doi.org/10.1097/00042560-199807010-00015
http://www.ncbi.nlm.nih.gov/pubmed/9665509
https://doi.org/10.1186/s12936-017-2077-4
http://www.ncbi.nlm.nih.gov/pubmed/29065884
https://doi.org/10.1203/PDR.0b013e3181c6e58e
http://www.ncbi.nlm.nih.gov/pubmed/19858776
https://doi.org/10.1371/journal.pone.0255902


45. Obimbo MM, Zhou Y, McMaster MT, Cohen CR, Qureshi Z, Ong’ech J, et al. Placental Structure in Pre-

term Birth Among HIV-Positive Versus HIV-Negative Women in Kenya. J Acquir Immune Defic Syndr.

2019; 80(1):94–102. https://doi.org/10.1097/QAI.0000000000001871 PMID: 30272633

46. Patel K, Williams S, Guirguis G, Gittens-Williams L, Apuzzio J. Genital tract GBS and rate of histologic

chorioamnionitis in patients with preterm premature rupture of membrane. Journal of Maternal-Fetal

and Neonatal Medicine. 2018; 31(19):2624–7. https://doi.org/10.1080/14767058.2017.1350642 PMID:

28715920

47. Pettker CM, Buhimschi IA, Magloire LK, Sfakianaki AK, Hamar BD, Buhimschi CS. Value of placental

microbial evaluation in diagnosing intra-amniotic infection. Obstet Gynecol. 2007; 109(3):739–49.

https://doi.org/10.1097/01.AOG.0000255663.47512.23 PMID: 17329528

48. Queiros da Mota V, Prodhom G, Yan P, Hohlfheld P, Greub G, Rouleau C. Correlation between placen-

tal bacterial culture results and histological chorioamnionitis: a prospective study on 376 placentas. J

Clin Pathol. 2013; 66(3):243–8. https://doi.org/10.1136/jclinpath-2012-201124 PMID: 23268318

49. Sweeney EL, Kallapur SG, Gisslen T, Lambers DS, Chougnet CA, Stephenson SA, et al. Placental

Infection with Ureaplasma species is Associated with Histologic Chorioamnionitis and Adverse Out-

comes in Moderately Preterm and Late-Preterm Infants. J Infect Dis. 2016; 213(8):1340–7. https://doi.

org/10.1093/infdis/jiv587 PMID: 26671889

50. Tsekoura EA, Konstantinidou A, Papadopoulou S, Athanasiou S, Spanakis N, Kafetzis D, et al. Adeno-

virus genome in the placenta: association with histological chorioamnionitis and preterm birth. J Med

Virol. 2010; 82(8):1379–83. https://doi.org/10.1002/jmv.21820 PMID: 20572081

51. Altshuler G. Chorangiosis. An important placental sign of neonatal morbidity and mortality. Arch Pathol

Lab Med. 1984 Jan; 108(1):71–4. PMID: 6546343.

52. Baergen RN. Manual of pathology of the human placenta 2nd ed. New York: Springer; 2011.

53. Benirschke K. Examination of the placenta. Obstet Gynecol. 1961; 18(3):309–33.

54. Driscoll SG, Langston C. College of American Pathologists Conference XIX on the Examination of the

Placenta: report of the Working Group on Methods for Placental Examination. Arch Pathol Lab Med

1991; 115:704–708. PMID: 2064531

55. Gordijn SJ, Dahlstrom JE, Khong TY, Ellwood DA. Histopathological examination of the placenta: key

issues for pathologists and obstetricians. Pathology. 2008; 40(2):176–9. https://doi.org/10.1080/

00313020701813750 PMID: 18203039

56. Hromatka BS, Ngeleza S, Adibi JJ, Niles RK, Tshefu AK, Fisher SJ. Histopathologies, immunolocaliza-

tion, and a glycan binding screen provide insights into Plasmodium falciparum interactions with the

human placenta. Biol Reprod. 2013; 88(6):154. https://doi.org/10.1095/biolreprod.112.106195 PMID:

23575149

57. Kalousek DK, Baldwin VJ, Dimmick JE, et al. Embryofetal-perinatal autopsy and placental examination.

In: Developmental pathology of the embryo and fetus. Philadelphia: J.B. Lippincott Company, 1992;

25:799–824.

58. Kaplan C, Lowell DM, Salafia C. College of American Pathologists Conference XIX on the Examination

of the Placenta: report of the Working Group on the Definition of Structural Changes Associated with

Abnormal Function in the Maternal/Fetal/Placental Unit in the Second and Third Trimesters. Arch Pathol

Lab Med. 1991 Jul; 115(7):709–16. PMID: 2064532.

59. Khong TY, Mooney EE, Ariel I, Balmus NCM, Boyd TK, Brundler MA, et al. Sampling and Definitions of

Placental Lesions Amsterdam Placental Workshop Group Consensus Statement. Arch Pathol Lab

Med. 2016; 140(7):698–713. https://doi.org/10.5858/arpa.2015-0225-CC PMID: 27223167

60. Kraus FT, Redline RW, Gersell DJ, et al. Atlas of nontumor pathology: placental pathology. American

Registry of Pathology/Armed Forces Institute of Pathology. 2004.

61. Muehlenbachs A, Fried M, McGready R, Harrington WE, Mutabingwa TK, Nosten F, et al. A novel histo-

logical grading scheme for placental malaria applied in areas of high and low malaria transmission. J

Infect Dis. 2010; 202(10):1608–16. https://doi.org/10.1086/656723 PMID: 20929353

62. Naeye RL. Disorders of the placenta and decidua. Disorders of the Placenta, Fetus, and Neonate: Diag-

nosis and Clinical Significance. St. Louis (MO), USA: Mosby; 1992. p. 118–247.

63. Rogerson SJ, Pollina E, Getachew A, Tadesse E, Lema VM, Molyneux ME. Placental monocyte infil-

trates in response to Plasmodium falciparum malaria infection and their association with adverse preg-

nancy outcomes. Am J Trop Med Hyg. 2003 Jan; 68(1):115–9. PMID: 12556159.

64. Tantbirojn P, Saleemuddin A, Sirois K, Crum CP, Boyd TK, Tworoger S, et al. Gross abnormalities of

the umbilical cord: related placental histology and clinical significance. Placenta. 2009; 30(12):1083–8.

https://doi.org/10.1016/j.placenta.2009.09.005 PMID: 19853300

65. Blanc WA. Pathology of the placenta, membranes, and umbilical cord in bacterial, fungal, and viral

infections in man. Monogr Pathol. 1981;(22):67–132. PMID: 7024790.

PLOS ONE Placental histopathology in preterm birth with confirmed maternal infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0255902 August 12, 2021 20 / 21

https://doi.org/10.1097/QAI.0000000000001871
http://www.ncbi.nlm.nih.gov/pubmed/30272633
https://doi.org/10.1080/14767058.2017.1350642
http://www.ncbi.nlm.nih.gov/pubmed/28715920
https://doi.org/10.1097/01.AOG.0000255663.47512.23
http://www.ncbi.nlm.nih.gov/pubmed/17329528
https://doi.org/10.1136/jclinpath-2012-201124
http://www.ncbi.nlm.nih.gov/pubmed/23268318
https://doi.org/10.1093/infdis/jiv587
https://doi.org/10.1093/infdis/jiv587
http://www.ncbi.nlm.nih.gov/pubmed/26671889
https://doi.org/10.1002/jmv.21820
http://www.ncbi.nlm.nih.gov/pubmed/20572081
http://www.ncbi.nlm.nih.gov/pubmed/6546343
http://www.ncbi.nlm.nih.gov/pubmed/2064531
https://doi.org/10.1080/00313020701813750
https://doi.org/10.1080/00313020701813750
http://www.ncbi.nlm.nih.gov/pubmed/18203039
https://doi.org/10.1095/biolreprod.112.106195
http://www.ncbi.nlm.nih.gov/pubmed/23575149
http://www.ncbi.nlm.nih.gov/pubmed/2064532
https://doi.org/10.5858/arpa.2015-0225-CC
http://www.ncbi.nlm.nih.gov/pubmed/27223167
https://doi.org/10.1086/656723
http://www.ncbi.nlm.nih.gov/pubmed/20929353
http://www.ncbi.nlm.nih.gov/pubmed/12556159
https://doi.org/10.1016/j.placenta.2009.09.005
http://www.ncbi.nlm.nih.gov/pubmed/19853300
http://www.ncbi.nlm.nih.gov/pubmed/7024790
https://doi.org/10.1371/journal.pone.0255902


66. Khong TY, Gordijn SJ. Quality of placental pathology reports. Pediatr Dev Pathol. 2003; 6(1):54–8.

https://doi.org/10.1007/s10024-001-0263-3 PMID: 12370768

67. Salafia CM, Weigl C, Silberman L. The prevalence and distribution of acute placental inflammation in

uncomplicated term pregnancies. Obstet Gynecol. 1989; 73(3 Pt 1):383–9. PMID: 2915862

68. Kakuru A, Jagannathan P, Muhindo MK, Natureeba P, Awori P, Nakalembe M, et al. Dihydroartemisi-

nin-piperaquine for the prevention of malaria in pregnancy. N Engl J Med. 2016; 374:928–39. https://

doi.org/10.1056/NEJMoa1509150 PMID: 26962728

69. World Health Organization. Newborn: improving survival and well being (fact sheet) 2020. Access date:

Dec 29th 2020; (https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality).

70. Morgan TK. Role of the Placenta in Preterm Birth: A Review. Am J Perinatol. 2016; 33(3):258–66.

https://doi.org/10.1055/s-0035-1570379 PMID: 26731184

71. Thorne J, Downey P, Mooney EE. Placental pathology associated with small for gestational age infants.

Ir Med J. 2014; 107(8):249–50. PMID: 25282971

72. Park CW, Park JS, Norwitz ER, Moon KC, Jun JK, Yoon BH. Timing of Histologic Progression from

Chorio-Deciduitis to Chorio-Deciduo-Amnionitis in the Setting of Preterm Labor and Preterm Premature

Rupture of Membranes with Sterile Amniotic Fluid. PLoS One. 2015; 10(11). https://doi.org/10.1371/

journal.pone.0143023 PMID: 26574743

73. Mendz GL, Kaakoush NO, Quinlivan JA. Bacterial aetiological agents of intra-amniotic infections and

preterm birth in pregnant women. Front Cell Infect Microbiol. 2013; 3:58. https://doi.org/10.3389/fcimb.

2013.00058 PMID: 24137568

74. Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J, Versalovic J. The placenta harbors a unique micro-

biome. Sci Transl Med. 2014; 6(237):237ra65. https://doi.org/10.1126/scitranslmed.3008599 PMID:

24848255

75. Bushman FD. De-Discovery of the Placenta Microbiome. Am J Obstet Gynecol. 2019; 220(3):213–4.

https://doi.org/10.1016/j.ajog.2018.11.1093 PMID: 30832983

76. Goldenberg RL, Culhane JF. Infection as a cause of preterm birth. Clin Perinatol. 2003; 30(4):677–700.

https://doi.org/10.1016/s0095-5108(03)00110-6 PMID: 14714919

77. Villar J, Papageorghiou AT, Knight HE, Gravett MG, Iams J, Waller SA, et al. The preterm birth syn-

drome: a prototype phenotypic classification. Am J Obstet Gynecol. 2012; 206(2):119–23. https://doi.

org/10.1016/j.ajog.2011.10.866 PMID: 22177191

PLOS ONE Placental histopathology in preterm birth with confirmed maternal infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0255902 August 12, 2021 21 / 21

https://doi.org/10.1007/s10024-001-0263-3
http://www.ncbi.nlm.nih.gov/pubmed/12370768
http://www.ncbi.nlm.nih.gov/pubmed/2915862
https://doi.org/10.1056/NEJMoa1509150
https://doi.org/10.1056/NEJMoa1509150
http://www.ncbi.nlm.nih.gov/pubmed/26962728
https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality
https://doi.org/10.1055/s-0035-1570379
http://www.ncbi.nlm.nih.gov/pubmed/26731184
http://www.ncbi.nlm.nih.gov/pubmed/25282971
https://doi.org/10.1371/journal.pone.0143023
https://doi.org/10.1371/journal.pone.0143023
http://www.ncbi.nlm.nih.gov/pubmed/26574743
https://doi.org/10.3389/fcimb.2013.00058
https://doi.org/10.3389/fcimb.2013.00058
http://www.ncbi.nlm.nih.gov/pubmed/24137568
https://doi.org/10.1126/scitranslmed.3008599
http://www.ncbi.nlm.nih.gov/pubmed/24848255
https://doi.org/10.1016/j.ajog.2018.11.1093
http://www.ncbi.nlm.nih.gov/pubmed/30832983
https://doi.org/10.1016/s0095-5108%2803%2900110-6
http://www.ncbi.nlm.nih.gov/pubmed/14714919
https://doi.org/10.1016/j.ajog.2011.10.866
https://doi.org/10.1016/j.ajog.2011.10.866
http://www.ncbi.nlm.nih.gov/pubmed/22177191
https://doi.org/10.1371/journal.pone.0255902

