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to SARS-CoV-2 virus among young SOT recipients. It is still 
unknown if the demonstration of serologic response against the 
virus correlates with protection from disease in the event of future 
exposure to the virus. Further research is needed to examine the 
effectiveness of these antibodies in neutralization-based assays, 
as well as their clinical protection, magnitude and durability over 
the course of time.

This study has several limitations. Due to its retrospective 
nature, PCR testing was not done at uniform time points, thus 
potentially influencing the shedding time. However, patients were 
tested frequently due to our follow-up protocol for transplant recip-
ients. Another limitation is the relatively small sample size, which 
is a result of the small population of pediatric SOT recipients.

In conclusion, the majority of pediatric SOT recipients 
who had COVID-19 in our study developed a mild disease but 
mounted a positive IgG response. Nevertheless, kidney transplant 
recipients with additional comorbidities developed a severe dis-
ease, emphasizing the need for close monitoring in this particular 
population.
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Abstract: Antibodies to seasonal human-coronaviruses (sHCoV) may 
cross-protect against SARS-CoV-2. We investigated antibody responses in 
biobanked serum obtained before the pandemic from infants with polymer-
ase chain reaction-confirmed sHCoV. Among 141 samples with antibod-
ies to sHCoV, 4 (2.8%) were positive for SARS-CoV-2-S1 and 8 (5.7%) 
for SARS-CoV-2-S2. Antibodies to sHCoV rarely cross-react with SARS-
CoV-2 antigens and are unlikely to account for mild pediatric illness.
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Children have been largely spared in the COVID-19 pandemic, 
developing predominantly asymptomatic or mild disease.1 

Globally, children constitute around 8% of infections, <2% of 
hospitalizations and <1% of all COVID-19 associated mortality in 
high and low-middle income countries (LMICs).2 In South Africa, 
9% of infections and <0.1% of COVID deaths occur in children 
or adolescents, who comprise >30% of the population.3 Although 
pneumonia remains a major cause of mortality and morbidity in 
children in LMICs, risk factors for severe pneumonia such as mal-
nutrition, HIV or prematurity have also not emerged as risk factors 
for COVID-19.4

A key knowledge gap is why pediatric disease is relatively 
mild. One hypothesis is that cross-protection to SARS-CoV-2 
may occur from immunity to one of the 4 seasonal coronaviruses 
[seasonal human-coronaviruses (sHCoVs); 229E, NL63, OC43 
and HKU1], which are common and circulate seasonally world-
wide.5–9 Recently, individuals, including children, unexposed to 
SARS-CoV-2, were reported to have antibodies to the S2 subunit 
of SARS-CoV-2 spike (S) protein from presumed prior sHCoV 
infection.7 Shared sequence conservation between sHCoVs and 
SARS-CoV-2 raises the possibility that immunity against sHCoV 
may cross-protect against SARS-CoV-2.

We recently reported the epidemiology of sHCoV infec-
tion in infants preceding the COVID-19 pandemic in an African 
birth cohort, the Drakenstein Child Health study (DCHS).10 By 
leveraging this unique dataset and matching biobank of samples, 
we investigated cross-reactivity of antibodies induced by PCR-
confirmed sHCoV infection prior to the COVID pandemic against 
SARS-CoV-2.
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METHODS
We investigated serologic responses to sHCoVs and to SARS-

CoV-2 spike (S) antigen in biobanked samples collected before the 
pandemic. Samples were collected from infants with polymerase 
chain reaction (PCR)-confirmed sHCoV and age-matched controls 
without documented sHCoV. Infants enrolled in the DCHS, a birth 
cohort study in a low-income community, followed infants from birth 
at 6, 10, 14 weeks and 6, 9 and 12 months, during which serum was 
collected and biobanked.11 Intensive follow-up was done, in a sub-
set who chose to participate, comprising fortnightly nasopharyngeal 
sample collection through the first year of life. Active surveillance for 
pneumonia, using WHO case definitions, was done. At each pneumo-
nia episode, a nasopharyngeal swab and a serum sample were taken; 
convalescent serum was also obtained 4–6 weeks after pneumonia.

Nasopharyngeal swabs from the time of pneumonia and 2 
weekly up to 90 days before pneumonia were tested with qPCR 
to detect sHCoV -229E, -NL63, -OC43 and -HKU1, as previously 
described.12 Swabs from age-matched control children without 
pneumonia in the cohort were also tested over the equivalent period.

The study was approved by the Human Research Ethics 
Committee, Faculty of Health Sciences University of Cape Town. 
Mothers provided written informed consent.

Microbiologic Testing
Nasopharyngeal swabs preserved in PrimeStore nucleic acid 

preservation medium (Longhorn Vaccines and Diagnostics, San 
Antonio, TX), transported on ice and frozen at –80 °C for batch 
testing. Swabs underwent mechanical lysis on a Tissuelyzer LT 
(Qiagen, Hilden, Germany) followed by total nucleic acid extrac-
tion (QIAsymphony Virus/Bacteria Mini Kit, Qiagen, Hilden, 
Germany). Quantitative, multiplex, real-time PCR (qPCR) with 
FTDResp33 (Fast-Track Diagnostics, Esch-sur-Alzet, Luxem-
bourg) identified potential respiratory pathogens including sHCoV 
(-NL63, -229E, -OC43 and -HKU1). Standard curves were derived 
using standards supplied by the manufacturer.

Antibody Measurements
Biobanked serum samples matched to sHCoV-tested naso-

pharyngeal samples collected at the time of pneumonia were tested 
for antibodies. In addition, matched convalescent samples taken 4–6 
weeks after a pneumonia episode were also tested, when available. 
Serum was aliquoted, and frozen until batch shipping to the WHO 
International Reference laboratory for Pneumococcal Serology at 
University College London where samples were tested for IgG to each 
of the 4 sHCoVs. Samples were also analyzed in a multiplexed assay 
of IgG to SARS-CoV-2 of S1 and S2 and trimeric spike antigen (MSD 
SARS-Coronavirus Plate 1, Rockville, MD) as described, as spike 
provides the greatest sensitivity and specificity for SARS-CoV-2.13

Analysis
Data were analyzed using STATA 14.1 (STATA Corpora-

tion, College Station, TX) and GraphPad Prism version 9.0.2 
(GraphPad, San Diego, CA). Data were summarized as frequen-
cies (percent) if categorical and median [interquartile range 
(IQR))] if continuous. Wilcoxon rank-sum test (Mann–Whitney  
U test), Kruskal–Wallis test and χ2 or Fisher’s exact test were used 
for crude comparisons, as appropriate. The antibody titers for 
sHCoV, CoV-2-S and CoV-2-S2 were reported as geometric means 
[95% confidence interval (CI)].

RESULTS
We identified 42 pneumonia cases positive for sHCoV from 

whom serum was available at the time of episode with 33 matched 
convalescent serum samples at 4–6 weeks after pneumonia, all 

collected pre-COVID. These were matched to 39 pneumonia cases 
negative for sHCoV, but with other identified organisms. We also 
included identified 16 samples from children who were asympto-
matic but had sHCoV detected (with matched serum available), and 
matched these to 21 samples from asymptomatic children without 
sHCoV. In total, there were 151 biobanked serum samples avail-
able from 114 children [median age 6 (3.1–7.3) months]. Four 
children had more than one episode of pneumonia; the median 
(IQR) time between pneumonia episodes was 141 (96–186) days, 
so each episode was included as an independent episode. Children 
with sHCoV-associated pneumonia were younger than those with 
asymptomatic sHCoV infection (median age 4.6 vs. 6 months,  
P = 0.010) (see Table, Supplemental Digital Content 1, http://links.
lww.com/INF/E523). OC43 was the commonest sHCoV, occurring 
in 29 (24.6%), followed by NL63 (14, 11.9%), HKU1 (12, 10.2%) 
and 229E (4, 3.4%).

Geometric mean (95% CI) IgG antibody titers for each 
sHCoV were higher in those who were PCR-positive (at the same 
time point) for the corresponding sHCoV compared with those who 
were negative (Table 1). GMTs were similar in sHCoV pneumonia 
cases compared with asymptomatic sHCoV-positive controls [24.61 
(14.40–42.06) vs. 33.49 (14.78–75.90) for OC43, P = 0.402; 62.84 
(34.43–114.67) vs. 42.19 (17.29–102.99) for NL63, P = 0.396; 
25.64 (14.87–44.21) vs. 26.77 (9.52–75.26), P = 0.972 for HKU1; 
18.44 (11.32–30.03) vs. 8.80 (5.20–14.88) for 229E, P = 0.098] 
(Figure, Supplemental Digital Content 2, http://links.lww.com/INF/
E524). Among children with sHCoV-associated pneumonia, there 
was an increase in GMTs in matched pneumonia and convalescent 
sera [31.88 (10.76–94.42) vs. 113.95 (37.67–344.74) for OC43;  
P = 0.098; 60.50 (13.02–281.18) vs. 194.57 (89.16–424.60) for 
NL63, P = 0.252; 13.70 (4.13–45.48) vs. 90.71 (29.36–280.27), 
P = 0.024 for HKU1; 61.35 (10.18–369.74) vs. 267.87 (10.43–
6876.75) for 229E, P = 0.248] (Figure, Supplemental Digital Con-
tent 3, http://links.lww.com/INF/E525).

Antibodies were specific to each sHCoV, with no cross-
reactivity across each of the 4 sHCoVs (Table 1). There was no 
clear pattern of cross-reactivity for SARS-CoV-2-S1 or S2, by the 
presence of any sHCoV (Table 1). Among 141 samples above the 
lower limit of detection for antibodies to a sHCoV, only 4 (2.84%) 
were positive for SARS-CoV-2-S1, while 8 (5.7%) were weakly 
positive for SARS-CoV-2-S2 (3 of which were also positive to 
SARS-CoV-2-S1).

DISCUSSION
This study, using samples collected preceding the COVID-

19 pandemic, found that antibody responses to documented sHCoV 
infection or disease are robust and specific for each sHCoV in 
infants in an African birth cohort. While antibody levels did not dif-
fer between infants who had symptomatic compared with asymp-
tomatic infection, titers increased in convalescence, following 
pneumonia. However, little cross-reactivity against SARS-CoV-2, 
occurred, indicating that antibodies to sHCoV are unlikely to cross-
protect against COVID-19. The data on lack of cross-reactivity 
between different sHCoV also support our previous finding that 
infection with different sHCoV occurs within short intervals of 
each other.10

Several explanations have been proposed for lower rates 
of infection and mild disease from SARS-CoV-2 globally in chil-
dren. These include testing practices with lower case ascertain-
ment due to asymptomatic or mild disease,1 lower expression 
of angiotensin-converting-enzyme-2 viral receptor in pediatric 
compared with adult airway epithelial cells,14 more robust innate 
immune responses in children8 or induction of trained immunity 
following BCG immunization or infection,15 that protects against 

http://links.lww.com/INF/E523
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SARS-CoV-2 disease. Immunity to sHCoV with seasonal circula-
tion, has also been hypothesized as a mechanism for protection.5–7

In this study, IgG antibodies to sHCoVs rarely cross-reacted 
with SARS-CoV-2-S including the S1 and S2 components. Our find-
ings differ from those recently published in which IgG antibodies 
binding to the S2 component of SARS-CoV-2 were detected in some 
individuals before the pandemic, using a flow cytometry assay.7 Dif-
ferences in methodology, populations sampled or interpretation of 
findings may explain such differences. Only some individuals were 
reported to have cross-reactivity on flow cytometry (eg, only 5 of 34 
subjects with confirmed sHCoV infection), compared with our find-
ings of 8 of 114 children with cross-reactivity. Cross-reactivity was 
rare in healthy donor cohorts (occurring only in 16/302; 5.3%) but 
the highest prevalence of cross-reactivity occurred in donors 6–16 
years. The strength of our study is that infants had PCR-confirmed 
sHCoV infection before the pandemic, and cross-reactivity was 
assessed both at the time of disease and 4–6 weeks after when titers 
increased. It is possible that cross-reactivity may occur following 
several infections, and therefore occur later in childhood. Further-
more, pre-existing cross-reactive cellular T-cell immune responses 
to SARS-CoV-2, presumably due to prior infection with sHCoV, 
have been demonstrated in some studies, and may provide a differ-
ent mechanism for protection against SARS-CoV-2.6,16,17

A limitation of this study is that serologic responses to 
sHCoV were investigated only during the first year of life; how-
ever, this age group has the highest incidence of childhood pneu-
monia and respiratory infections, as previously shown.12 Another 
limitation is that T-cell responses were not evaluated. Strengths are 
strong surveillance for pneumonia,18 PCR confirmation of sHCoV 
episodes, matching antibody measurements including convalescent 
sera, and the inclusion of a matched control group in an LMIC 
population-based cohort.

In summary, while sHCoV infections were common and 
associated with robust antibody responses in infants, minimal 
cross-reactivity against SARS-CoV-2 spike antigen was detected. 
Antibodies to sHCoV are unlikely to provide substantial cross pro-
tection against COVID-19, but other mechanisms such as cross-
reactive cellular immune responses may be important in ameliorat-
ing disease in children.
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ANTIBIOTIC THERAPY OF AN INFANT WITH A 
BREVIBACTERIUM CASEI VENTRICULOPERITONEAL 

SHUNT INFECTION

Kasper Kavli Øvsthus, MD,* Kristin Sjåvik, MD, PhD,†  
Tore Lier, MD, PhD,‡ and Claus Klingenberg, MD, PhD*§    

Abstract: We describe a newborn infant with hydrocephalus and a ventricu-
loperitoneal shunt infection caused by Brevibacterium casei. Essential for 
correct diagnosis was rapid species identification by matrix-assisted laser 
desorption/ionization time-of-flight, after initial report of coryneform bac-
teria. The patient responded well to vancomycin and rifampicin for 15 days. 
The shunt was not removed. Repeated cerebrospinal fluid cultures up to 4 
months after therapy remained negative.

Key Words: Brevibacterium, ventriculoperitoneal shunt, infection

Accepted for publication June 24, 2021
From the *Department of Paediatrics, †Department of Neurosurgery, and 

‡Department for Microbiology and Infection Control, University Hospi-
tal of North Norway, Tromsø, Norway; and §Paediatric Research Group, 
Department of Clinical Medicine, UiT, The Arctic University of Norway, 
Tromsø, Norway.

The authors have no funding or conflicts of interest to disclose.
Address for correspondence: Kasper Kavli Øvsthus, MD, Department of Paedi-

atrics, University Hospital of North Norway: Universitetssykehuset Nord-
Norge, Postboks 100, 9038 Tromsø, Norway. E-mail: kasper.kavli.ovsthus@
unn.no.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/INF.0000000000003267

Brevibacterium species are catalase-positive, nonspore form-
ing, immotile, aerobic Gram-positive rods, closely related to 

corynebacteria. They are environmental bacteria often found in 
dairy products but also on human skin surfaces and have been con-
sidered as nonpathogenic commensals.1,2 However, they can cause 
severe infections like peritonitis, meningitis, cholangitis and sep-

sis, mainly in immunocompromised patients.1 Over the last dec-
ade, Brevibacterium catheter-related infection are also reported,3–6 
probably related to the biofilm-forming capacity of this bacterium.7 
There is conflicting evidence whether surgical removal of the cath-
eter is needed to clear a Brevibacterium catheter-related infec-
tion,1,3–6 and no management guidelines are established. To date, we 
are only aware of 1 published case of a Brevibacterium infection in 
a child younger than 1 year of age, a neonate with an osteomyelitis.8 
We here describe a newborn infant with hydrocephalus and a ven-
triculoperitoneal (VP) shunt infection caused by Brevibacterium 
casei. We discuss current literature and conservative management 
of device-related Brevibacterium infections.

CASE REPORT
A term born infant was prenatally diagnosed with an obstruc-

tive hydrocephalus due to intrauterine germinal matrix bleeding 
and secondary aqueduct stenosis. A VP shunt was inserted on day 
5 of life due to rapidly increasing head circumference. He had a 
complicated postoperative course, initially with over-drainage and 
rebleeding. Later there were signs of underdrainage with mild 
subcutaneous cerebrospinal fluid (CSF) swelling along the shunt, 
and valve adjustments were done. He was discharged home after 
1 month in hospital. Five days after discharge, he was readmitted 
presenting with increasing head circumference, bulging fontanel, 
irritability, CSF leakage from the surgical wound. There was also a 
subcutaneous lesion in the neck, stretching from the VP shunt valve 
to a surgical incision point behind the right ear. Some days later, he 
also developed fever (38.9 °C). Except for the CSF leakage and irri-
tability, there was no other focus for infection. Laboratory tests did 
not show any signs of a systemic infection (Table 1). Ultrasound of 
the brain showed no signs of ventriculitis or meningitis.

MICROBIOLOGIC INVESTIGATIONS OF CSF
By aseptic procedure, a CSF sample for cell count and cul-

ture was obtained from the fluid-filled subcutaneous lesion in the 
neck. This sample showed markedly increased cell count (Table 1) 
and CSF protein of 4.8 g/L, but the Gram stain showed no visible 
bacteria. However, there was pure growth of Gram-positive rods, 
initially characterized as coryneform bacteria and interpreted as 
possible skin contamination. Due to persistent symptoms, a second 
CSF sample was obtained from the VP shunt valve 4 days later. This 
CSF sample also revealed growth of Gram-positive rods, morpho-
logically identical to the first CSF sample. Species identification 
was now performed by using matrix-assisted laser desorption/ioni-
zation time-of-flight mass spectrometry (Bruker Daltonics, Biller-
ica, MA) and suggested B. casei. The antibiotic susceptibility pat-
tern of both bacterial isolates obtained from the CSF was identical. 
Minimum inhibitory concentration (MIC) analysis using gradient 
strips (Liofilchem, Roseto degli Abruzzi, Italy) revealed the follow-
ing values (mg/L): rifampicin 0.016, vancomycin 0.25, gentamicin 
0.25, clindamycin 0.5, ciprofloxacin 0.5, cefotaxime 1.0, penicillin 
1.5, chloramphenicol 4.0. There are no defined susceptibility break-
points for Brevibacterium spp. We interpreted MIC values accord-
ing to the suggested clinical breakpoints for Corynebacterium spp. 
in Europe (European Committee on Antimicrobial Susceptibility 
Testing; https://eucast.org/ast_of_bacteria).

TREATMENT, OUTCOME AND FOLLOW-UP
Following interdisciplinary discussion and a literature 

review, we decided to attempt intravenous antibiotic therapy with 
vancomycin (15 mg/kg every 8 hours) and rifampicin (10 mg/kg 
every 12 hours) and to leave the VP shunt system in situ. Intrathecal 
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