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1  |  INTRODUC TION

Numerous studies have examined the prevalence of childhood bac-
terial meningitis (BM) due to Neisseria meningitidis, Haemophilus influ-
enzae type b (Hib) or Streptococcus pneumoniae, the three “classical” 
BM agents. Our studies on 1568 patients with BM of known bac-
terial aetiology at age 2 months to 15 years in three continents1–5 
showed a 93% preponderance of the classical agents over other 

aetiology. A review on children aged 1–59 months from 48 studies in 
South Asia6 found that meningococci, Hib and pneumococci caused 
a median of 78% of cases. The share of these agents in Mozambique 
was approximately 70%.7

Gram-negative rods that cause BM have long been known as a 
risk for severe disease in infants, especially those with neural tube 
or urinary tract anomalies.8 However, information on Gram-positive 
bacteria, such as Staphylococcus aureus not following neurosurgery 
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Abstract
Aim: To compare the characteristics, mortality and sequelae at hospital discharge of 
childhood bacterial meningitis (BM) caused by the three “classical” agents Neisseria 
meningitidis, Haemophilus influenzae or Streptococcus pneumoniae versus BM due to 
other aetiology in Finland, Latin America and Angola.
Methods: This observational study is a secondary analysis of data from five prospec-
tive treatment trials on non-neonatal BM in Finland, Latin America and Angola in 
1984–2017.
Results: Of the 1568 cases, 1459 (93%) were caused by the classics, 80 (5%) by other 
Gram-negative and 29 (2%) by other Gram-positive bacteria. Nonclassical Gram-
negative disease was encountered especially in Angola (p < 0.0001). Overall, children 
in the nonclassical group presented later for treatment and were more often under-
weight and anaemic (p < 0.001). In multivariate analysis, even if the area was strong-
est predictor of poor outcome, nonclassical Gram-negative BM increased the odds for 
death twofold and the odds for death or severe sequelae 2.5-fold.
Conclusion: BM of a nonclassical aetiology is a particularly severe disease affecting 
especially Angolan children poorly armoured to fight infections. Since vaccinations 
are diminishing the role of classical agents, that of nonclassical agents is growing.
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(usually a shunt placement or revision),9Streptococcus agalactiae be-
yond the neonatal period10 or Listeria monocytogenes,11 is limited. A 
critical appraisal is warranted to examine the complex issue of the 
BM aetiology paying especial attention to the roles of classical me-
ningococcal, Hib and pneumococcal meningitides versus the other 
less known agents in different study areas and clinical course and 
outcome of BM of different bacterial aetiologies. We compared the 
demographics, symptoms and signs, laboratory test results and out-
come (mortality, hearing loss and neurological sequelae) at hospital 
discharge in children with BM caused by the “classical” versus “non-
classical” agents in Finland, Latin America and Angola, and in all the 
areas combined.

2  |  METHODS

2.1  |  Data collection

This study was an observational study, a secondary analysis of 
prospectively collected data during five prospective BM studies 
in Finland, LatAm and Angola in 1984–2017. The trial setups have 
been described earlier.1–5 Importantly, all these studies were pro-
spective, and the same data were collected uniformly using similar 
forms written in Finnish, Spanish or Portuguese. Thus, a large and 
comparable data set from three continents was gradually created. 
Hib vaccinations were introduced towards the end of the studies in 
Finland and LatAm and gradually in the beginning of the studies in 
Angola. Pneumococcal conjugate vaccine (PCV 13) was used only in 
the end of Angolan studies.

After approval by the relevant ethical committees, children aged 
2 months to 15 years with symptoms and signs compatible with BM 
were enrolled, provided the legal guardian's consent was obtained. 
In case of illiteracy, a fingerprint was required. Once international 
registration of such studies became common practice, the Angolan 
trials were registered with the International Standard Randomized 
Controlled Trial Number Register (number ISRCTN62824827) and 
ClinicalTrials.gov (identifier NCT 01540838).

The inclusion criterion for the present study was to have BM 
with a confirmed bacterial aetiology. The bacteria were identi-
fied with CSF culture, Gram stain, PCR, latex agglutination test 
or blood culture in 1228 (78%), 122 (8%), 99 (6%), 97 (6%) and 22 
cases (1%) respectively. Of these, 329 cases were collected from 
twelve hospitals around Finland,1,2 522 cases from Latin America 
(LatAm; Argentina, Brazil, Dominican Republic, Ecuador, Paraguay 
and Venezuela),3 and 717 cases from the Paediatric Hospital of 
Luanda, the capital of Angola4,5 (Table  1, Appendix  S1). The ex-
clusion criteria were age <2  months, trauma, intracranial shunt, 
previous hearing impairment or neurological disease and immu-
nosuppression, except potential HIV infection (mainly relevant in 
Angola). Pretreatment with antimicrobials prevented enrolment if 
more than one parenteral dose had been administered. Nutritional 
status was graded according to WHO guidelines by using weight 
for age z-scores.12

2.2  |  Laboratory, delineating outcomes, 
data analysis

All hospitals had a basic but sufficiently equipped on-site bacteriol-
ogy and chemistry laboratory with trained personnel who followed 
standard textbook techniques. BM was a common diagnosis in those 
institutions, and appropriate handling of the specimens was part of 
their routine. Blood culture, CSF culture and Gram stain were per-
formed in all hospitals. Resources permitting, the latex agglutination 
test in LatAm and Angola was performed when culture remained 
negative. Only some CSF samples were examined with PCR (in 
Finland or South Africa).

The course of illness was monitored by daily completion of spe-
cific study forms. Outcomes were assessed at discharge from hospital 
and categorised according to predefined criteria. Besides unevent-
ful recovery and death, the outcomes in-between were graded as 
mild or severe neurological or audiological sequelae. Neurological 
sequelae were deemed severe in case of quadriplegia/paresis, hy-
drocephalus requiring a shunt, severe psychomotor retardation or 
blindness. Mild neurological sequelae consisted of any other ab-
normality, such as hemiparesis, monoparesis, psychomotor retarda-
tion or ataxia. Deafness was defined as the better ear’s threshold 
of ≥80 dB, and milder hearing sequelae as a threshold >40 dB but 
<80  dB. Traditional audiometry was primarily used, while brain-
evoked response audiometry (BERA) was the method of choice for 
small children. We also used Glasgow Outcome Scale to classify the 
patients by severity of audiological and neurological sequelae. Score 
1 signifies death, score 2 vegetative state, score 3 severe disability, 
score 4 moderate disability and score 5 low or no disability.

All data were computed and analysed using JMP® Pro 14.1.0 
(SAS Institute Inc, Cary, NC, USA) for Windows. Contingency anal-
ysis was used to examine relationships between two categorial 
variables. Pearson’s chi-squared test was used to calculate p val-
ues. Associations with continuous characteristics were assessed 
using one-way ANOVA. We calculated odds ratios (OR) with 95% 
confidence intervals (CI) when comparing the nonclassical versus 
the classical agents in univariate analysis, overall and for each study 
site. To examine if type of bacteria was independent predictor of 

Key Notes

•	 We compared clinical characteristics and outcome of 
childhood bacterial meningitis (BM) caused by the three 
“classical” agents Neisseria meningitidis, Haemophilus in-
fluenzae or Streptococcus pneumoniae versus other ae-
tiology in Finland, Latin America and Angola.

•	 Of cases, 93% were caused by the classics, 5% by other 
Gram-negative and 2% by other Gram-positive bacteria.

•	 Nonclassical disease, encountered especially in Angola 
in underweight and anaemic children, associated with 
particularly severe disease and poor outcome.
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poor outcome, multivariate analysis was performed with type of 
bacteria and background characteristics that affect the prognosis 
of BM, namely area, weight-for-age Z-score < −2, treatment delay 
over 3 days and blood haemoglobin ≤ 8.7 g/dl (median).

3  |  RESULTS

3.1  |  Classical versus other BM types

Figure 1 displays the specific aetiology and it´s dissimilar distribution 
at our three study sites. Regarding the classical agents, 1459 cases 
in all, H. influenzae BM (total number 669) was represented by 218, 
244 and 207 cases in Finland, LatAm and Angola, those numbers 
being 28, 143 and 334 (505 in all) for S. pneumoniae, and 80, 115 
and 90 (285 in all) for N. meningitidis respectively. For the unusual 
Gram-negatives the numbers were 0, 14 and 66 (80 in all), and for 
Gram-positives 3, 6 and 20 (29 in all), correspondingly.

The overall share (Table  1, Appendix  S1) of the nonclassical 
Gram-negatives compared to the total number in a particular site 
was no cases in Finland, 2.7% (14/522) in LatAm and 9% (66/717) in 
Angola. Klebsiella spp. and Proteus spp. were the most common fully 
identified Gram-negatives in Angola (Figure 1). However, of nonclas-
sical Gram-negatives, 36% (5/14 in LatAm and 24/66 in Angola) were 
unidentified rods.

When compared with the total number (Table 1, Appendix S1), 
Gram-positive aetiology was identified 0.9% (3/329) in Finland, 
in 1.1% (6/522) in LatAm and in 2.8% (20/717) in Angola. Gram-
negative BM was more than twice that common as Gram-positive 
BM in Angola and LatAm, this being almost nonexistent (N 3) in 
Finland. A few cases of S. aureus meningitis and some non-neonatal 
S. agalactiae meningitides were found in Angola. Slightly unexpect-
edly, solely one case of Listeria spp. in Finland was detected among 
all Gram-positive cases.

Compared to Finland and LatAm, relatively more nonclassical 
Gram-negative than classical meningitis was diagnosed in Angola, 
OR in univariate analysis being 6.18 (95% CI 3.44–11.11). A likewise 
difference was also observed for the nonclassical Gram-positive 
cases (OR 2.92, 95% CI 1.32–6.45). In Angola, the proportion of 
the nonclassical compared to classical aetiology of BM (Table 2) in-
creased significantly in the 4 years between the first and the second 
study, both for Gram-negative and -positive bacteria (p  <  0.0001 
and p = 0.007, respectively).

3.2  |  Patient characteristics in the nonclassical 
versus the classical aetiology groups

In general, the patients arrived clinically very ill in Finland, LatAm 
and Angola. Every second child (50%) with BM due to a classical 

TA B L E  1  Patient characteristics and outcomes from meningitis

Variable Total Classical agentsa Other Gram-negatives
Other 
Gram-positives pvalue

All 1568 1459 (93) 80 (5) 29 (2)

Finland 329 326 (99) 0 3 (1)

Latin America 522 502 (96) 14 (3) 6 (1)

Angola 717 631 (88) 66 (9) 20 (3)

Patient characteristics

Glasgow Coma Score 12 (8–15) 12 (8–15) 11 (7–15) 12 (11–15) 0.24

Weight for age Z-score < −2 291/1536 (19) 246/1428 (17) 36/79 (46) 9/29 (31) <0.0001

Ill >3 days before admission 577/1279 (45) 507/1181 (43) 57/73 (78) 13/25 (52) <0.0001

Previous antibiotics 506/1466 (35) 456/1368 (33) 40/71 (56) 10/27 (37) 0.0004

B-haemoglobin, g/dl 8.7 (7.0–10.9) 8.8 (7.1–11.0) 7.6 (5.6–9.7) 8.4 (7.6–9.7) <0.0001

Seizures before arrival 593/1525 (39) 539/1420 (38) 42/77 (55) 12/28 (43) 0.013

Seizures at ward 610/1200 (51) 539/1096 (49) 57/79 (72) 14/25 (56) 0.0004

Dyspnoea 444/1023 (43) 389/932 (42) 45/67 (67) 10/24 (42) 0.0003

Outcomes

Glasgow outcome scale score 4 (3–5) 4 (3–5) 2 (1–5) 3 (1–5) <0.0001

Severe neurological sequelae 103/1209 (9) 90/1152 (8) 9/41 (22) 4/16 (25) 0.0004

Death or severe neurological 
sequelae

446/1552 (29) 382/1444 (26) 48/80 (60) 16/28 (57) <0.0001

Deafness 92/1036 (9) 88/996 (9) 4/30 (13) 0/10 (0) 0.42

Death or any severe sequelae 517/1387 (37) 450/1291 (35) 51/72 (71) 16/24 (67) <0.0001

Death 343/1568 (22) 292/1459 (20) 39/80 (49) 12/29 (41) <0.0001

Note: Data are presented as n (%) or median (interquartile range).
a Cases due to Neisseria meningitidis, Haemophilus influenzae or Streptococcus pneumoniae.
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agent failed to score 13 on the age-adjusted Glasgow Coma Scale, 
this level indicating a clearly sick patient (Table 1). This was the case 
for 57% and 45% for children in the nonclassical Gram-negative and 
-positive groups respectively (p  =  0.39). All aetiologies combined; 
the median overall age was 1.1 years; the median age was also the 
same for those with BM due to classical agents. Median age was 0.8 
and 1.0  year for the Gram-negative and Gram-positive groups re-
spectively (p = 0.19). The genders were presented fairly evenly (55% 
for boys, 45% for girls overall; p = 0.41).

Of the more than 100 analysed patient covariates we sum-
marised in Table 1, those where the difference between the classical 
and the nonclassical Gram-negative and -positive meningitides was 
significant. Regarding children with nonclassical meningitis, when 
compared with patients with meningococcal, H. influenzae or pneu-
mococcal meningitis, they showed poorer indices. The children with 
nonclassical Gram-negative meningitis were the most ill group.

Overall (Table 1), approximately 46% of children with nonclassi-
cal Gram-negative BM arrived moderately to severely (z-score ≤2) 
underweight; this was the case for 31% and 17% for those in the 
Gram-positive and the classical BM groups respectively (p < 0.001). 
Further differences between the nonclassical Gram-negative groups 
versus the classical BM groups were a low (<8.5 g/dl) haemoglobin 
(OR 1.86, 95% CI 1.17–2.97), history of preadmission antimicrobials 
(OR 2.58, 95% CI 1.59–4.18), late arrival (after 3 days) for treatment 
(OR 4.74, 95% CI 2.69–8.34) and a more severe course reflected by 
seizures (OR 1.96, 95% CI 1.24–3.11) and dyspnoea (OR 2.86, 95% 
CI 1.69–4.83). The nonclassical Gram-positive BM patients differed 
significantly from classical BM only by living in Angola (OR 2.92, 95% 
CI 1.32–6.45).

In Angola (Table  3), the following characteristics were found 
more likely in children with Gram-negative nonclassical BM (N = 66) 

than in children with BM of classical aetiology: underweight (OR 
2.04, 95% CI 1.22–3.41), treatment delay over three days (OR 3.49, 
95% CI 1.79–6.81) and a history of preadmission antimicrobials (OR 
2.27, 95% CI 1.30–3.96). During hospital stay, children with Gram-
negative BM presented more frequently seizures (OR 1.80, 95% CI 
1.01–3.19) and dyspnoea (OR 1.76, 95% CI 1.02–3.03). In regard to 
patients with Gram-positive nonclassical aetiology (N = 20) versus 
classical aetiology, no variable reached a significant difference.

In LatAm (Table 3), the results of a similar analysis showed that 
patients with nonclassical Gram-negative aetiology (N  =  14) were 
6.44 (95% CI 2.09–19.82) times more likely to be underweight and 
3.34 (95% CI 1.07–10.37) times more likely to present seizures during 
hospital stay compared to classical aetiology. In Gram-positive non-
classical BM patients (N = 6), no variable reached a significant dif-
ference with classical aetiology. In Finland, a similar analysis was 
invalidated by the minimal number of patients (no Gram-negatives, 
three Gram-positives).

3.3  |  Outcomes in the nonclassical versus the 
classical aetiology groups

Figure 2 gives a general picture of how the children from three con-
tinents with usual or unusual type of BM performed. The different 
treatments we tested in the original studies1–5 did not improve the 
prognosis overall, except glycerol which diminished severe neuro-
logical sequelae in LatAm.3

Overall (Table  1), nonclassical meningitis left, more frequently, 
the patient with severe neurological sequelae (22–25%) than had 
he or she undergone meningococcal, H. influenzae or pneumo-
coccal meningitis (8%). The case fatality was 60% in nonusual 

F I G U R E  1  While the three classical 
agents H. influenzae, S. pneumoniae and N. 
meningitidis preponderated, the aetiology 
scene of BM in Finland, Latin America and 
Angola, Finland clearly stood out in terms 
of paucity of other causative agents
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Gram-negative, 51% in nonusual Gram-positive, and 24% in classi-
cal BM. Accurate assessment of hearing impairment was possible in 
1036 cases. Deafness developed in classical BM in 9% (88/996) ver-
sus in 13% (4/30) and 0% in nonclassical Gram-negative and Gram-
positive BM respectively (p = 0.42). Median Glasgow Outcome Scale 
Score was best in classical BM (4, IQR 3–5), worst in nonclassical 
Gram-negative BM (2, IQR 1–5), and in-between in nonclassical 
Gram-positive BM (3, IQR 1–5).

In Angola (Table 3, Appendix S1), the Gram-negative nonclassical 
BM patients (N = 66) were 2.18 (95% CI 1.31–3.64) times more likely 
to die than those with classical aetiology. Likewise, the combined 

outcome of death or any severe sequelae was 2.94 (95% CI 1.64–
5.40) times more likely. For Gram-positive nonclassical BM (N = 22), 
none of the tested outcomes reached a significant difference with 
classical aetiology.

In LatAm (Table 3), a similar analysis showed that Gram-negative 
nonclassical BM patients (N  =  14) were 4.92 (95% CI 1.22–19.88) 
times more likely to recover with severe neurological sequelae, 
whereas Gram-positive BM patients (N = 6) were 6.61 (95% CI 1.31–
33.42) times more likely to die. In Finland, a similar analysis was in-
validated by the minimal number of patients.

Table  4 presents multivariate analysis of predictors of death 
and the combined outcome of death or severe sequelae. Even if 
the area was the strongest predictor of poor outcome, nonclassi-
cal Gram-negative BM increased the odds for death 2.25-fold and 
for the combined outcome 2.63-fold. In unusual Gram-positive BM, 
no significant differences appeared. In severe neurological sequelae 
or deafness alone, no significant differences between the groups of 
bacteria were found.

4  |  DISCUSSION

Our previous three-continent analysis of 2123 cases overviewed the 
children's general performance in BM,13 while we here detailed the 
1568 cases in which the causative agent was identified. Thus, we 
hereby availed the rather unique chance to figure out the pictures 
of meningococcal, H. influenzae and pneumococcal meningitis versus 
cases due to the nonclassical Gram-negative and -positive bacte-
ria. Although data were collected over a large time span, the basic 
bacteriology at the study sites was virtually the same and remained 
unchanged.

Nonclassical Gram-positive bacteria comprised only a third (29 
vs. 80) of the number of cases compared with the nonclassical Gram-
negative bacteria, albeit this was not the case in Finland. S. aureus 
meningitis and disease due to various streptococci likely had their 
origin in the skin flora. Scratches and other superficial injuries are 
commonplace in children everywhere and given that suboptimal 
hygienic conditions increase the risk of secondary skin infections, 
occasional blood invasion is plausible.

In contrast, the multiplicity of most Gram-negative bacteria 
points toward the origin being in the gastrointestinal tract, some-
times perhaps the urinary tract. When intact, the junctions between 
gut epithelial cells are impermeable to enteric pathogens. In Africa, 
where diarrheal diseases are commonplace, this barrier is loosened 
and various Gram-negative bacteria gain access to blood and some-
times to the central nervous system. Severe malnutrition,12,14,15 
anaemia,16,17 malaria,18 sickle-cell disease19 and HIV18 increase the 
risk of bacteraemia. As we identified 19 bacterial pathogens in our 
Angolan series, no less than 28 different bacteria among 542 ce-
rebrospinal specimens were found in Abuja, Nigeria.20 Persistent 
intestinal inflammation, one manifestation of “an environmental 
enteric dysfunction”,21 is a plausible explanation behind these fac-
tors. Salmonellae, but not Klebsiellae or Protei, were fairly frequently 

TA B L E  2  Causative bacteria of meningitides Angola during the 
two studies

2005–2008
n = 520

2012–2017
n = 197 All

Classical bacteria 482 (92.7) 149 (75.6) 631 (88.0)

Haemophilus 
influenzae

199 (38.3) 8 (4.1) 207 (28.9)

Streptococcus 
pneumoniae

230 (44.2) 104 (52.8) 334 (46.6)

Neisseria 
meningitidis

53 (10.2) 37 (18.8) 90 (12.6)

Gram-negative 
bacteria

28 (5.4) 38 (19.3) 66 (9.2)

Salmonellaspp. 3 (0.6) 4 (2.0) 7 (1.0)

Klebsiellaspp. 4 (0.8) 6 (3.1) 10 (1.4)

Proteusspp. 6 (1.2) 4 (2.0) 10 (1.4)

Escherichia coli 2 (0.4) 4 (2.0) 6 (0.8)

Citrobacter freundii 1 (0.2) 2 (1.0) 3 (0.4)

Acinetobacterspp. 1 (0.2) 0 1 (0.1)

Enterobacterspp. 1 (0.2) 1 (0.5) 2 (0.3)

Bacteroides fragilis 1 (0.2) 0 1 (0.1)

Porphyromonas 
endodontalis

1 (0.2) 0 1 (0.1)

Pseudomonasspp. 1 (0.2) 0 1 (0.1)

Unidentified 
gram-negative 
bacteria

7 (1.4) 17 (8.6) 24 (3.4)

Gram-positive 
bacteria

10 (1.9) 10 (5.1) 20 (2.8)

Staphylococcus 
aureus

2 (0.4) 4 (2.0) 6 (0.8)

Streptococcus 
agalactiae

1 (0.2) 3 (1.5) 4 (0.6)

Group C 
streptococcus

4 (0.8) 3 (1.5) 7 (1.0)

Group D 
streptococcus

1 (0.2) 0 1 (0.1)

Group G 
streptococcus

1 (0.2) 0 1 (0.1)

Propionibacterium 
acnes

1 (0.2) 0 1 (0.1)
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detected also in LatAm, being totally nonexistent in our series from 
Finland (Figure 1). Gram-negative organisms, classical and nonclas-
sical, contributed the majority (72%) of cases of childhood BM in 
a small series (N 18) in Nepal,22 whereas no difference to Gram-
positives prevailed in a more recent study (N 52) from the same 
country.23

Concerning the variables associated with nonclassical BM 
(Table 3), our most reliable results come from Angola with most pa-
tients. These results underline how especially Gram-negative non-
classical BM affects children in many ways poorly prepared to fight 

the infection: underweight, partially treated and with delay to re-
ceive appropriate BM treatment. Not unexpectedly, considering the 
accumulation of risk factors for adverse outcome, they doubled the 
already high mortality figures of Angola. Results from LatAm dif-
fered somewhat from Angola, possibly due to the small number of 
patients, and should be controlled with more cases.

Once H. influenzae type b, pneumococcal and meningococcal 
vaccines become available, approximately a 90% reduction in child-
hood BM is possible. Now that the role of these three agents is di-
minishing, the role of nonclassical agents is growing. In our study, the 
proportion of nonclassical bacteria increased with time, being lowest 
in the first studies in Finland and highest in the last study in Angola. 
If new epidemiological studies confirm our findings, developing vac-
cines against unusual agents might become necessary. Accordingly, 
there would be an increasing need for effective Klebsiella pneumo-
niae, Escherichia coli and S. aureus vaccines. Initial steps have been 
taken towards this goal.24–26

This study has some limitations. Although major quality differ-
ences in the performance of our institution’s bacteriology laborato-
ries were unlikely, the laboratories were not uniformly standardised. 
Antibiotic resistance was not addressed. Particularly in Africa, 
common conditions such as sickle cell disease, HIV and parasitic in-
fections (including malaria) likely affected the results.14–19 We did 
not have the resources to routinely investigate these conditions. 
However, it is unlikely that these potentially confounding factors 
would have been significantly concentrated in only one aetiology 
group. We performed multivariate analysis to mitigate the effect of 

TA B L E  3  Odds ratios and 95% confidence intervals for children with meningitis caused by the nonclassical Gram-negative or -positive 
bacteria versus the three “classics,” N. meningitidis, H. influenzae or S. pneumoniae

Variable

Angola
Nonclassical vs. classical bacteria

LatAm
Nonclassical vs. classical bacteria

Gram-negative Gram-positive Gram-negative Gram-positive

Patient characteristics

Age ≥ 1 year 1.09 (0.66–1.81) 1.38 (0.56–3.41) 1.49 (0.49–4.51) 1.21 (0.24–6.05)

Sex, female 1.44 (0.85–2.43) 1.39 (0.57–3.41) 0.97 (0.33–2.85) 0.68 (0.12–3.77)

Glasgow Coma Score < 13 0.96 (0.57–1.62) 0.85 (0.35–2.07) 1.01 (0.34–2.95) 0.66 (0.12–3.65)

Weight for age Z-score < −2 2.04 (1.22–3.41) 1.05 (0.40–2.77) 6.44 (2.09–19.82) 3.75 (0.67–20.96)

Ill >3 days before admission 3.49 (1.79–6.81) 1.09 (0.44–2.70) 1.20 (0.31–4.56) —

Pretreatment antibiotics 2.27 (1.30–3.96) 1.14 (0.44–2.93) 1.08 (0.35–3.26) 0.39 (0.04–3.34)

B-haemoglobin <8.5 g/dl 0.67 (0.39–1.15) 0.70 (0.27–1.78) 1.24 (0.42–3.62) 0.41 (0.05–3.72)

Seizures before or at admission 1.29 (0.77–1.31) 1.11 (0.45–2.77) 1.59 (0.53–4.81) 0.93 (0.17–5.12)

Seizures at ward 1.80 (1.01–3.19) 1.16 (0.46–2.94) 3.34 (1.07–10.37) 0.52 (0.06–4.71)

Dyspnoea 1.76 (1.02–3.03) 0.70 (0.29–1.72) 2.08 (0.18–23.60) —

Outcomes

Death 2.18 (1.31–3.64) 1.58 (0.65–3.88) 2.64 (0.81–8.67) 6.61 (1.31–33.42)

Severe neurological sequelae 1.63 (0.64–4.16) 2.55 (0.66–9.90) 4.92 (1.22–19.88) —

Deafness 1.22 (0.35–4.28) — 0.99 (0.12–8.27) —

Death or any severe sequelaea 2.94 (1.60–5.40) 2.41 (0.84–6.92) 2.40 (0.79–7.28) 3.09 (0.51–18.70)

Note: Univariate analysis of patient characteristics and outcome.
a Death or severe neurological sequelae or deafness.

F I G U R E  2  Children's outcomes from meningitis due to N. 
meningitidis, H. influenzae or S. pneumoniae (THE THREE CLASSICS) 
versus other Gram-negative (GRAM-) or Gram-positive (GRAM+) 
bacteria. All numbers indicate percentages 
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area, underweight, treatment delay and anaemia in evaluating the 
effect of nonclassical bacteria in outcome. The study sites had the 
most effect on outcome of children. Even if one would think that 
the outcome would improve with time with improving healthcare, 
in the present study the outcome worsened with time as the studies 
were done first in Finland (a high-income country) thereafter in Latin 
America (upper middle-income area) and latest in Angola (lower 
middle-income country).

Despite these limitations, a very large series of practically every 
type of non-neonatal paediatric BM from multiple study sites were 
here compiled and patient clinical characteristics and outcome in 
unusual BM was directly compared with that in classical meningo-
coccal, Hib or pneumococcal BM. Our results should encourage de-
velopment of vaccines against these unusual agents.

ACKNOWLEDG EMENTS
We thank all our colleagues and laboratory technicians in Finland, 
LatAm and Angola who saw the importance of these studies.

CONFLIC T OF INTERE S T
TP reports receiving research grants from the Pediatric Research 
Foundation and the Pediatric Research Center, Helsinki, Finland. All 
the other authors declare that they have no conflicts of interest.

ORCID
Heikki Peltola   https://orcid.org/0000-0003-2145-1460 
Irmeli Roine   https://orcid.org/0000-0003-0020-361X 
Markku Kallio   https://orcid.org/0000-0002-8723-0815 
Tuula Pelkonen   https://orcid.org/0000-0002-7688-9059 

R E FE R E N C E S
	 1.	 Peltola H, Anttila M, Renkonen O-V; The Finnish Study Group. 

Randomised comparison of chloramphenicol, ampicillin, cefotax-
ime and ceftriaxone for childhood bacterial meningitis. Lancet. 
1989;1:1281-1287.

	 2.	 Kilpi T, Peltola H, Jauhiainen T, Kallio MJT; The Finnish Study 
Group. Oral glycerol and intravenous dexamethasone in preventing 
neurologic and audiologic sequelae of childhood bacterial meningi-
tis. Pediatr Infect Dis J. 1995;14:270-278.

	 3.	 Peltola H, Roine I, Fernández J, et al. Adjuvant glycerol and/or dexa-
methasone to improve the outcomes of childhood bacterial menin-
gitis: a prospective, randomized, double-blind, placebo-controlled 
trial. Clin Infect Dis. 2007;45:1277-1286.

	 4.	 Pelkonen T, Roine I, Cruzeiro ML, Pitkäranta A, Kataja M, Peltola H. 
Slow initial β-lactam infusion and oral paracetamol to treat child-
hood bacterial meningitis: a randomised, controlled trial. Lancet 
Infect Dis. 2011;11:613-621.

	 5.	 Savonius O, Rugemalira E, Roine I, Cruzeiro ML, Peltola H, Pelkonen 
T. Extended continuous β-lactam infusion with oral acetaminophen 
in childhood bacterial meningitis: a randomised, double-blind clini-
cal trial. Clin Infect Dis. 2021;72:1738-1744.

	 6.	 Ali M, Chang BA, Johnson KW, Morris SK. Incidence and aetiol-
ogy of bacterial meningitis among children aged 1–59 months 
in South Asia: systematic review and meta-analysis. Vaccine. 
2018;36:5846-5857.

	 7.	 Roca A, Bassat Q, Morais L, et al. Surveillance of acute bacterial 
meningitis among children admitted to a district hospital in rural 
Mozambique. Clin Infect Dis. 2009;48:S172-S180.

	 8.	 Unhanand M, Mustafa MM, McCracken GHJr, Nelson JD. Gram-
negative enteric bacillary meningitis: a twenty-one-year experi-
ence. J Pediatr. 1993;122:15-21.

	 9.	 Givner LB, Kapan SL. Meningitis due to Staphylococcus aureus in 
children. Clin Infect Dis. 1993;16:766-771.

	10.	 Chauhan D, Mokta K, Kanga A, Grover N, Singh D, Bhagra S. 
Group B streptococcal meningitis in children beyond the neo-
natal period in sub-Himalayan India. Ann Indian Acad Neurol. 
2015;18:71-73.

	11.	 Xiaotang C, Wei Z, Dan Y, Yongmei X, Zhiing W, Hui Z. Clinical anal-
ysis of 14 pediatric cases of Listeriamonocytogenes meningitis in 
Southwest China. Arch Microbiol Immunology. 2019;3:39-49.

	12.	 Roine I, Weisstaub G, Peltola H; the LatAm Bacterial Meningitis 
Study Group. Influence of malnutrition on the course of childhood 
bacterial meningitis. Pediatr Infect Dis J. 2010;29:122-125.

	13.	 Peltola H, Roine I, Kallio M, Pelkonen T. Outcome of childhood bac-
terial meningitis on three continents. Sci Rep. 2021;11:21593.

	14.	 Berkley JA, Bejon P, Mwangi T, et al. HIV infection, malnutrition, 
and invasive bacterial infection among children with severe malaria. 
Clin Infect Dis. 2009;49:336-343.

TA B L E  4  Multivariate analysis of factors associated with death and dismal outcome (death, severe neurological sequelae or deafness) in 
children with meningitis

Variable

Death Dismal outcome

OR (95% CI)a pvalue OR (95% CI) pvalue

Angola vs. Finland 11.02 (5.05–24.06) <0.0001 11.76 (5.96–23.19) <0.0001

Latin America vs. Finland 4.28 (1.91–8.59) 0.0004 8.51 (4.29–16.87) <0.0001

Angola vs. Latin America 2.58 (1.71–3.88) <0.0001 1.38 (0.98–1.94) 0.06

Weight for age Z-score < −2 1.24 (0.90–1.71) 0.19 1.20 (0.87–1.65) 0.26

Ill > 3 days before admission 1.31 (0.97–1.77) 0.075 1.44 (1.09–1.91) 0.010

B-haemoglobin ≤ 8.7 g/dl (median) 1.41 (1.00–2.01) 0.052 1.63 (1.19–2.24) 0.003

Nonclassical Gram-negative bacteria vs. classical 
bacteria

2.25 (1.35–3.75) 0.002 2.63 (1.47–4.70) 0.001

Nonclassical Gram-positive bacteria vs. classical 
bacteria

1.81 (0.18–4.28) 0.18 2.33 (0.88–6.18) 0.09

aOdds ratios and 95% confidence intervals.

https://orcid.org/0000-0003-2145-1460
https://orcid.org/0000-0003-2145-1460
https://orcid.org/0000-0003-0020-361X
https://orcid.org/0000-0003-0020-361X
https://orcid.org/0000-0002-8723-0815
https://orcid.org/0000-0002-8723-0815
https://orcid.org/0000-0002-7688-9059
https://orcid.org/0000-0002-7688-9059


    |  1411PELTOLA et al.

	15.	 Page AL, deRekeneire N, Sayadi S, et al. Infections in children ad-
mitted with complicated severe acute malnutrition in Niger. PLoS 
One. 2013;8:e68699.

	16.	 Kassebaum NJ. The global burden of anemia. Hematol Oncol Clin 
North Am. 2016;30:247-308.

	17.	 Mohan Kumar K, Namachivayam K, Sivakumar N, et al. Severe 
neonatal anemia increases intestinal permeability by disrupting ep-
ithelial adherens junctions. Am J Physiol Gastrointest Liver Physiol. 
2020;318:G705-G716.

	18.	 Bronzan RN, Taylor TE, Mwenechanya J, et al. Bacteremia in 
Malawian children with severe malaria: prevalence, etiology, HIV 
coinfection, and outcome. J Infect Dis. 2007;195:895-904.

	19.	 Williams TN, Uyoga S, Macharia A, et al. Bacteraemia in Kenyan 
children with sickle- cell anaemia: a retrospective cohort and case-
control study. Lancet. 2009;374:1364-1370.

	20.	 Iregu KC, Abdullahi N. Profiles of acute bacterial meningitis 
isolates in children in National Hospital, Abuja. Niger Med J. 
2015;56(4):297-300.

	21.	 Owino V, Ahmed T, Freemark M, et al. Environmental enteric 
dysfunction and growth failure/stunting in global child health. 
Pediatrics. 2016;138:1-10.

	22.	 Shrestha RG, Tandukar S, Ansari S, et al. Bacterial meningitis in chil-
dren under 15 years of age in Nepal. BMC Pediatr. 2015;15:94.

	23.	 Bhatta M, Kafle SP, Rai B, Subedi R. Clinical profile and outcome of 
children with acute bacterial meningitis in a tertiary care centre in 
eastern Nepal. J Kathmandu Med Coll. 2021;10(2):64-73.

	24.	 Assoni L, Girardello R, Converso TR, Darrieux M. Current stage in 
the development of Klebsiellapneumoniae Vaccines. Infect Dis Ther. 
2021;10:2157-2175.

	25.	 Nesta B, Pizza M. Vaccines against Escherichia coli. Curr Top 
Microbiol Immunol. 2018;416:213-242.

	26.	 Salgado-Pabón W, Schlievert P. Models matter: the search for 
effective Staphylococcus aureus vaccine. Nat Rev Microbiol. 
2014;12:585-591.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Peltola H, Roine I, Kallio M, Pelkonen 
T. Unusual Gram-negative bacteria cause more severe bacterial 
meningitis than the three classical agents in children. Acta 
Paediatr. 2022;111:1404–1411. doi:10.1111/apa.16357

https://doi.org/10.1111/apa.16357

	Unusual Gram-­negative bacteria cause more severe bacterial meningitis than the three classical agents in children
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Data collection
	2.2|Laboratory, delineating outcomes, data analysis

	3|RESULTS
	3.1|Classical versus other BM types
	3.2|Patient characteristics in the nonclassical versus the classical aetiology groups
	3.3|Outcomes in the nonclassical versus the classical aetiology groups

	4|DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	REFERENCES


