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Background.  The nosology of noninvasive pneumonia due to group B Streptococcus (GBS) is not well defined. This study com-
pared clinical characteristics and outcomes of patients with invasive pneumonia and noninvasive pneumonia caused by GBS.

Methods.  We conducted a retrospective cohort study among Veterans Affairs (VA) healthcare users between 2008 and 2017. 
Using data from electronic health records, we identified patients who had blood or respiratory cultures that grew GBS and had in-
vasive pneumonia or noninvasive pneumonia. We analyzed patient and infection characteristics associated with all-cause mortality, 
including among the subset of patients with cultures that were monomicrobial for GBS.

Results.  Among 1791 patients with GBS pneumonia, 646 (36%) cases were invasive and 1145 (64%) were noninvasive. Among 
those, 535 and 424 cases of invasive and noninvasive pneumonia, respectively, had cultures that were monomicrobial for GBS. All-
cause 30-day mortality among those with monomicrobial GBS pneumonia was 15% for both those with invasive and noninvasive 
disease, respectively. Increasing age, severity of illness, healthcare exposure in the previous 90 days, and polymicrobial infection with 
Staphylococcus aureus were independently associated with all-cause mortality at 30 days.

Conclusions.  In this large cohort, even when considering cases for which GBS was the only pathogen recovered, >40% of GBS 
pneumonia cases were noninvasive. All-cause mortality was comparable for invasive and noninvasive pneumonia. These findings 
suggest that the burden of GBS pneumonia may be greater than previously recognized by surveillance of invasive GBS disease and 
may inform treatment and prevention efforts.
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In the United States, the incidence of invasive infections caused 
by group B Streptococcus (GBS, also known as Streptococcus 
agalactiae) among nonpregnant adults has risen from 3.6 cases 
per 100 000 population in 1990 to 10.9 cases per 100 000 pop-
ulation in 2016 [1, 2]. Individuals at increased risk of invasive 
GBS infections include adults aged ≥65 years with underlying 
comorbid conditions, especially diabetes mellitus that is poorly 
controlled, and those with a body mass index of ≥30 kg/m2 [3, 
4]. Pneumonia represents approximately 10% of invasive GBS 
infections, with age ≥65 years as well as chronic heart or lung 
disease implicated as specific risk factors [3, 4]. Perhaps because 
it occurs often in older adults and those with chronic comorbid 
conditions, invasive GBS pneumonia and empyema were 

associated with an all-cause 30-day mortality of 17%, as dem-
onstrated in patients from the Veterans Affairs (VA) healthcare 
system [4].

Few studies describe the clinical characteristics and outcomes 
of patients with noninvasive GBS pneumonia. Limited data sug-
gest that among adults hospitalized with all types of GBS infec-
tions, <5% of cases represented respiratory tract infections [5, 
6]. Although respiratory infection was common among patients 
with GBS infection who died in the hospital, it was not inde-
pendently associated with increased mortality. Furthermore, 
distinguishing noninvasive GBS infection from colonization of 
the respiratory tract may be challenging. GBS appears to colo-
nize the respiratory tract of 2%–3% of healthy schoolchildren [7, 
8] and 4%–7% of healthy adults [8, 9]. Additionally, as in other 
forms of GBS infection, GBS is frequently isolated with other 
pathogens from respiratory cultures in patients with pneumonia 
[4–6]. These factors add to the complexity of recognizing the 
role and impact of GBS as a cause of noninvasive pneumonia.

Given the limited understanding of noninvasive GBS pneu-
monia and considering the importance of GBS as a cause of 
invasive pneumonia, particularly its high rate of associated 
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all-cause mortality, we sought to characterize and compare in-
dividuals with invasive and noninvasive GBS pneumonia, in-
cluding those with Staphylococcus aureus and Pseudomonas 
aeruginosa as copathogens. Here, we describe our analysis of a 
cohort of patients from the VA healthcare system with invasive 
pneumonia and noninvasive pneumonia due to GBS.

METHODS

Study Design and Data Sources

We conducted a retrospective cohort study of patients treated 
in the VA healthcare system from 1 January 2008 through 31 
December 2017. Using the VA Informatics and Computing 
Infrastructure (VINCI), we accessed the Veterans Health 
Administration (VHA) Corporate Data Warehouse to identify 
microbiology cultures from blood or respiratory tract samples 
(sputum, bronchoalveolar lavage fluid, and endotracheal as-
pirates) that grew GBS (or S. agalactiae). Data indicating date 
of death was extracted from the from the VHA Vital Status 
File. The institutional review board at the VA Northeast Ohio 
Healthcare System approved the study protocol.

Case Ascertainment and Clinical Characteristics

The population assessed represented active users of the VA 
healthcare system, with active use defined as a hospital admis-
sion or any outpatient primary or specialty care clinic visit in 
a given calendar year. Cases were defined by GBS identified in 
a blood or respiratory sample in the absence of GBS identified 
from any other sites within 90 days. Repeat cultures within the 
same patient separated by <90 days were considered to be part 
of a single case and the earliest culture date within a case was 
considered the case date. Among patients with a case, we used 
International Classification of Diseases codes from the 9th and 
10th revisions (hence forward ICD codes) as previously de-
scribed [10], to identify pneumonia among individuals with a 
blood or respiratory tract culture growing GBS. For outpatients, 
we considered ICD codes entered within 7 days of a blood 
or respiratory tract culture to be associated with a given cul-
ture. Similarly, for inpatients we considered ICD codes entered 
during an admission that included or began within 7 days of a 
blood or respiratory tract culture positive for GBS.

Invasive GBS pneumonia was defined as a blood culture 
growing GBS, an associated ICD code indicating pneumonia, 
and a chest radiograph or chest computed tomography (CT) 
scan within 7 days of the positive culture. Noninvasive GBS 
pneumonia was defined as a respiratory tract culture growing 
GBS (without blood or pleural fluid cultures positive for GBS 
within 90 days of the respiratory tract culture), with an asso-
ciated ICD code indicating pneumonia and with a chest ra-
diograph or CT scan performed within 7 days of the positive 
culture. Cases that did not meet either of these definitions were 
excluded from the analysis. A clinician (R. L. P. J.) blinded to the 

categorization made using administrative data conducted chart 
reviews on a convenience sample of 30 (1.7%) cases from this 
cohort and independently categorized the cases as invasive or 
noninvasive GBS pneumonia; this included reviewing imaging 
reports and evaluating cases with GBS bacteremia for pneu-
monia due to causes other than GBS.

Incident cases were defined as the first case within the 10-year 
time window for each patient and were analyzed for demographic 
and clinical characteristics, including age, sex, self-reported race/
ethnicity, comorbid conditions, healthcare exposure (defined 
as hospital or nursing home admissions within the previous 
90 days), all-cause mortality at 30 days and 1 year, Charlson 
Comorbidity Index (CCI) score, body mass index (BMI, calcu-
lated as weight in kilograms divided by height in meters squared), 
and percentage of glycated hemoglobin (HbA1c). We determined 
the CCI score using ICD codes [11]. To calculate BMI, we used 
the first height and weight measurements within the same cal-
endar year as the infection; if these were not available, we used 
the first BMI from a previous calendar year, applying a last-
observed, carry-forward logic to account for missing values. For 
HbA1c percentage among patients with an ICD code for diabetes 
mellitus, we used the first value within the same calendar year as 
the infection; if the HbA1c percentage was not present during 
the year, it was deemed a missing value. We also determined dis-
ease severity using the modified Acute Physiology and Chronic 
Health Evaluation (mAPACHE), an illness severity score calcu-
lated from administrative data [12]. We assessed if the cultures 
associated with the cases were polymicrobial, defined as isolation 
of organisms other than GBS in the same sample that grew GBS. 
Specifically, we evaluated whether S aureus and/or P aeruginosa 
were isolated in those samples.

Statistical Analysis

We used descriptive statistics to summarize and compare char-
acteristics among patients with invasive GBS pneumonia and 
noninvasive GBS pneumonia. We also compared co-pathogens, 
recent healthcare exposure, severity of illness, location of man-
agement, and outcome (all-cause mortality at 30 days and 1 
year) in the polymicrobial and the monomicrobial groups of 
invasive GBS pneumonia and noninvasive GBS pneumonia. 
Comparisons between groups used t tests for continuous vari-
ables and χ2 tests for categorical variables. Kaplan-Meier sur-
vival curves were estimated for invasive and noninvasive GBS 
pneumonia, with differences between the survival curves as-
sessed using a log-rank test. We developed multivariable lo-
gistic regression models to report odds ratios (ORs) and 95% 
confidence intervals (CIs) for all-cause mortality at 30 days 
and 1 year, to assess adjusted mortality differences between pa-
tients with invasive and noninvasive pneumonia. These models, 
estimated separately in patients with monomicrobial and 
polymicrobial infections, included noninvasive and invasive 
GBS pneumonia, age, sex, ethnicity, CCI, mAPACHE, recent 
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healthcare exposure, and (for polymicrobial cases) isolation of 
S aureus and P aeruginosa. Statistical analyses were performed 
using R software (version 4.0.5) including functions from the 
survival package. Data management and graphics functions 
from additional packages were also implemented [13–19].

RESULTS

Between 2008 and 2017, our retrospective analysis of VHA’s ad-
ministrative and clinical data identified 1791 patients who met 
the study’s criteria for having GBS pneumonia; 646 (36%) pa-
tients had invasive pneumonia and 1145 (64%) had noninvasive 
pneumonia. A review of the medical records from a sample of 
patients confirmed those categories: Invasive pneumonia due to 
GBS occurred in 13 of 15 cases with blood cultures positive for 
GBS, and noninvasive pneumonia due to GBS occurred in 15 
of 15 cases with respiratory cultures only positive for GBS (ie, 
cases without positive blood cultures). Imaging studies for 25 of 
30 cases had radiology reports with an interpretation supportive 

of a clinical diagnosis of pneumonia. The medical record of 5 
cases without findings compatible with an acute lung process in 
radiology reports revealed that 3 were treated for pneumonia.

In the overall cohort, most of the patients were male (1748 
[98%]), with a mean age of 70.8 years (± 11.9 standard devi-
ation); 462 (26%) had a BMI of ≥30 kg/m2 (Table 1). Patients 
with invasive GBS pneumonia were older and had a higher CCI 
(5.41  ±  3.0) compared to those with noninvasive pneumonia 
(4.95 ± 3.0; P = .002). The most common comorbid conditions 
among those with GBS pneumonia were pulmonary disease 
(61%), diabetes mellitus (52%), and heart disease (49%). The 
prevalence of heart disease, renal disease, and diabetes mellitus 
and the proportion with HbA1c ≥7.5% and with BMI ≥30 kg/
m2 were greater in patients with invasive GBS pneumonia than 
in those with noninvasive GBS pneumonia. In contrast, pulmo-
nary disease occurred more frequently in patients classified as 
having noninvasive GBS pneumonia. Polymicrobial cultures 
were recovered for 46% of the cohort (832/1791). Among those, 
20% (364/1791) and 7% (128/1791) of patients had S aureus 

Table 1.  Characteristics of Patients With Group B Streptococcus Pneumonia

Characteristic 
All  

(N = 1791) 
Invasive GBS Pneumonia  

(n = 646) 
Noninvasive GBS Pneumonia  

(n = 1145) P Valuea 

Male sex 1748 (98) 629 (97) 1119 (98) .905

Age, y, mean ± SD 70.8 ± 11.9 72.7 ± 11.4 69.8 ± 12 <.001

Race .258

 � White 1425 (80) 502 (78) 923 (81)

 � Black 233 (13) 194 (15) 95 (15)

 � Otherb 133 (7) 49 (8) 84 (7)

Ethnicity <.001

 � Non-Hispanic 1618 (90) 552 (85) 1066 (93)

 � Hispanic 91 (5) 64 (10) 27 (2)

 � Unknown 82 (5) 30 (5) 52 (5)

BMI ≥30 kg/m2 462 (26) 196 (30) 266 (23) .001

Diabetes mellitus with HbA1c ≥7.5% 366 (20) 162 (25) 204 (18) <.001

CCI, mean ± SD 5.11 ± 3.0 5.41 ± 3.0 4.95 ± 3.0 .002

Comorbid conditions

 � Pulmonary disease 1090 (61) 343 (53) 747 (65) <.001

 � Diabetes mellitus 935 (52) 396 (61) 539 (47) <.001

 � Heart disease 881 (49) 371 (57) 510 (45) <.001

 � Cancer 611 (34) 204 (32) 407 (36) .099

 � Renal disease 592 (33) 275 (43) 317 (28) <.001

 � Stroke 527 (29) 167 (26) 330 (29) .196

 � Peripheral vascular disease 497 (28) 205 (32) 322 (28) .120

 � Liver disease 313 (17) 129 (20) 184 (16) .043

 � HIV 25 (1) 7 (1) 18 (2) .525

Polymicrobial culturesc 832 (46) 111 (17) 721 (63) <.001

 � Staphylococcus aureus 364 (20) 47 (7) 317 (28) <.001

 � Pseudomonas aeruginosa 128 (7) 7 (1) 121 (11) <.001

 � Other bacteriad 391 (22) 66 (10) 325 (28) <.001

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; GBS, group B Streptococcus; HbA1c, glycated hemoglobin; HIV, human immunodeficiency virus; SD, standard 
deviation.
aCompares patients with invasive vs noninvasive GBS pneumonia.
bOther includes American Indian, Alaska Native, Asian, Native Hawaiian or Pacific Islander, and unknown. 
cSome patients had cultures that grew both S aureus and P aeruginosa, resulting in inclusion in both categories.
dExcludes patients with either S aureus or P aeruginosa.
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and P aeruginosa, respectively. Overall, polymicrobial cultures 
were more frequently observed among patients with noninva-
sive compared to invasive GBS pneumonia, consistent with the 
common recovery of several species of microorganisms from 
respiratory tract samples compared to blood cultures.

Recognizing that other organisms may contribute to dis-
ease severity, we performed additional analyses on the subset 
of patients with pneumonia who had cultures that were 
monomicrobial for GBS (Table 2). Within that subset, most pa-
tients received care on general inpatient wards, only a few were 
treated as outpatients, and the proportion of patients requiring 
intensive care was similar. The overall disease severity, however, 
was different between the groups. A greater proportion of pa-
tients with invasive GBS pneumonia had an mAPACHE score 
≥60 compared to those with noninvasive GBS pneumonia (25% 
vs 13%). Interestingly, the proportion of patients with health-
care exposure in the 90 days prior to their case was significantly 
lower among those with invasive compared to noninvasive GBS 
pneumonia (28% vs 52%; P < .001).

When considering all patients in the cohort, all-cause 
mortality for invasive GBS pneumonia was slightly lower 
compared to those with noninvasive GBS pneumonia: 17% 
compared to 18% at 30 days, and 38% compared to 43% at 
1 year, respectively (log-rank test, P < .05; Figure 1A). In 
contrast, all-cause mortality for invasive and noninvasive 
GBS pneumonia was similar among patients with cultures 
that were monomicrobial GBS: both 15% at 30 days, and 

35% compared to 38% at 1 year, respectively (log-rank test, 
P = .43; Figure 1B).

Multivariable logistic regression models accounting for pa-
tient characteristics and severity of clinical disease permitted 
further assessment of all-cause mortality among patients with 
GBS pneumonia, comparing invasive and noninvasive cases 
while stratifying by polymicrobial or monomicrobial cultures 
(Supplementary Tables 1 and 2). At 30 days, within polymicrobial 
and monomicrobial subsets, all-cause mortality was similar 
among patients with invasive and noninvasive GBS pneumonia, 
even when adjusting for clinical characteristics and infection 
severity. Increasing age, recent healthcare exposure, and an 
mAPACHE score ≥60 were all associated with an increased risk 
of mortality at 30 days (Figure 2) and 1 year (Supplementary 
Figure 1). Isolation of S aureus as a co-pathogen was independ-
ently associated with an increased risk of all-cause mortality at 
30 days (OR, 1.56 [95% CI, 1.091–2.241]) and 1 year (OR, 1.687 
[95% CI, 1.228–2.324]). Pseudomonas aeruginosa and a CCI >4 
were associated with an increased risk of all-cause mortality at 
1 year (ORs, 1.941 [95% CI, 1.249–3.035] and 1.533 [95% CI, 
1.107–2.129], respectively), but not at 30 days.

DISCUSSION

This 10-year retrospective study of a national cohort of VA 
healthcare users found that patients with noninvasive GBS 
pneumonia had short-term and long-term mortality that was 
comparable to that of patients with invasive GBS pneumonia. 
Furthermore, these infections often occurred in elderly patients 
with underlying chronic pulmonary disease, diabetes mellitus, 
heart and kidney disease, stroke, and cancer. This knowledge 
adds to our understanding of the significance of detecting GBS 
in the respiratory tract in patients with advanced age and co-
morbid conditions, contributes to the clinical recognition of 
noninvasive GBS pneumonia, and may help to inform future 
efforts to treat and prevent GBS infection.

Recent descriptions of the microbiology associated with 
pneumonia do not feature GBS as an important pathogen 
[20, 21]. Our results describing the burden of noninvasive 
GBS pneumonia, as well as previous reports that pneumonia 
comprises 10%–12% of invasive GBS infections [2, 4], sug-
gest that GBS may be a respiratory pathogen of consequence, 
at least among adults with advanced age and underlying med-
ical conditions. Comparison of underlying clinical character-
istics and outcomes of patients with invasive and noninvasive 
GBS pneumonia reveals important distinctions. Patients with 
invasive GBS pneumonia were older and had a higher burden 
of comorbidities than patients classified as having noninvasive 
pneumonia. Not surprisingly, the most common comorbid 
condition associated with GBS pneumonia was chronic pul-
monary disease, which is associated with bacterial isolation 
from sputum cultures [22]. Other chronic medical conditions 

Table 2.  Severity of Illness, Level of Care, and Healthcare Exposure 
Among Patients With Monomicrobial Group B Streptococcus Pneumonia

Variable 
Invasive Pneumonia 

(n = 535) 
Noninvasive  

Pneumonia (n = 424) 
P 

Value 

Level of care .024

 � Intensive care 139 (26) 118 (28)

 � Inpatient ward 374 (70) 279 (66)

 � Nonacute ward 6 (1) 17 (4)

 � Outpatient 16 (3) 10 (2)

mAPACHE scorea <.001

 � ≥60 (severe  
disease)

135 (25) 57 (13)

 � 30–59 (moderate 
disease)

317 (59) 230 (54)

 � <30 (mild  
disease)

26 (5) 44 (10)

 � Insufficient data to 
determine

57 (11) 93 (22)

Healthcare  
exposure in  
previous 90 days

152 (28) 221 (52) <.001

Data are presented as No. (%) unless otherwise indicated.

Abbreviation: mAPACHE, modified Acute Physiology and Chronic Health Evaluation. 
aThe mAPACHE score compares severity of illness among critically ill individuals. The most 
common missing values were vital signs (pulse, temperature, respiration, and blood pres-
sure). Accordingly, most instances of insufficient data to determine the mAPACHE score 
reflect cases that were not critically ill.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac051#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac051#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac051#supplementary-data
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observed frequently in this cohort were similar to those re-
ported for invasive GBS infections, and include diabetes mel-
litus, heart disease, renal disease, peripheral vascular disease, 
and a BMI ≥30 kg/m2 [3, 4]. The diversity of chronic underlying 
conditions in patients with GBS in the respiratory tract suggests 
a complex and multifactorial pathogenesis [23]. The frequent 
occurrence of a history of stroke in this cohort suggests that 

aspiration may be an important antecedent to the development 
of GBS pneumonia [24]. Cancer was also frequently observed 
among patients with both invasive and noninvasive GBS pneu-
monia, which may reflect impaired immunity as a result of the 
underlying malignancy, of concomitant radiation and chemo-
therapy, and of reduced nutritional and functional status.

Finding a comparably high rate of mortality among patients 
with noninvasive compared to invasive GBS pneumonia was 
unexpected, particularly considering the greater severity of dis-
ease among the latter group as indicated by the larger propor-
tion of patients with an mAPACHE score ≥60. Similar mortality 
rates between invasive and noninvasive GBS pneumonia re-
mained evident even when we focused our analysis on patients 
with cultures that were monomicrobial for GBS. Assessing pa-
tients with monomicrobial cultures may provide insight into 
the pathogenic potential of GBS in patients with pneumonia. 
The higher rates of mortality in the polymicrobial subset of pa-
tients, conversely, may reflect increased virulence attributable to 
other pathogens recovered from respiratory cultures. In partic-
ular, S aureus and P aeruginosa are important pathogens among 
patients with previous healthcare exposure and with a high 
burden of comorbid conditions, including chronic lung disease, 
as featured in this cohort. While the pathogenic role of GBS 
may remain difficult to ascertain in patients with polymicrobial 
cultures, the 30-day mortality rate of 15% among patients with 
monomicrobial invasive and noninvasive pneumonia bolsters 
previous assertions that GBS is an “A-list” pathogen [25].

Our study has several limitations. First, our cohort consists 
of VA healthcare users, who are predominantly male and have 
a high burden of chronic medical conditions, including tobacco 
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Figure 1.  Kaplan-Meier curves to time to death following invasive or noninvasive pneumonia caused by group B Streptococcus (GBS). A, All cases, including those with 
polymicrobial culture results. B, Cases with cultures that were monomicrobial for GBS. Solid black lines describe patients with invasive disease; dashed purple lines describe 
patients with noninvasive disease.
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Figure 2.  Odds ratios and 95% confidence intervals of all-cause mortality at 30 
days derived from logistic regression models estimated separately for subjects 
with monomicrobial group B Streptococcus (GBS) pneumonia (blue dots); and 
for subjects with polymicrobial GBS pneumonia (green squares). Abbreviation: 
mAPACHE, modified Acute Physiology and Chronic Health Evaluation.
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and alcohol use, which may limit the generalizability of our re-
sults to the rest of the United States population [26–28]. Second, our 
study did not assess the impact of GBS serotypes on pneumonia 
types and outcomes, because these are not routinely determined 
by the microbiology laboratories serving VA medical centers. 
Third, in this retrospective study we relied upon microbiological 
culture results and administrative data to identify and classify 
patients with invasive or noninvasive pneumonia due to GBS. 
Pneumonia is a common diagnosis and may not indicate GBS-
related disease in every case, despite our case definition that re-
quired a microbiological culture positive for GBS. Confirmation 
of invasive and noninvasive GBS pneumonia in the chart review 
sample and the analysis of patients with culture results that were 
monomicrobial for GBS helped to mitigate this concern. The re-
liance upon administrative data may have failed to include pa-
tients with noninvasive GBS pneumonia who did not have an 
accompanying ICD code, leading to a potential underestimation 
of the prevalence of GBS-related pneumonia as well as a poten-
tial overestimation of disease severity and associated mortality. 
Finally, sampling bias may have influenced the results, with clin-
icians more likely to obtain respiratory tract specimens from ill 
patients with chronic pulmonary conditions, particularly from 
those able to produce sputum. This bias would also result in an 
underestimation of the prevalence of GBS-related pneumonia 
and overestimation of disease severity and associated mortality.

In conclusion, in this large retrospective cohort of patients 
from the VA healthcare system, GBS pneumonia, whether in-
vasive or noninvasive, was associated with significant mortality. 
Previous studies have highlighted the growing burden of inva-
sive GBS in adults. This study indicates that noninvasive GBS 
pneumonia may also have serious clinical implications. The 
growing recognition of GBS as an important pathogen, by itself 
and in the context of polymicrobial infections, may inform the 
clinical care of individuals who have GBS in their respiratory 
tract, including pathogen-directed antibacterial therapy and ef-
forts to prevent infection.
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