One dose. even if late, is better than none, and the ‘second
dose’ can be given to a woman who missed the first

A minimum of 2 doses should be given

The interval between doses can be as little as 4 weeks
Monthly SP dosing after quickening should be considered
SP should not routinely be given before quickening although
it is not a disaster if it is administered in error

L

Drug Supply

Despite concerns expressed by ANC nurses regarding
the frequent shortages of SP for IPT, at the time the study was
conducted drug shortages were only reported in one health cen-
tre. For that facility, shortages were due to discrepancies in
ordering (the client numbers had increased but the drug order
had remained the same) and these issues were addressed during
the feedback sessions. Some health personnel claimed to experi-
ence drug shortages in their ANC clinics, but when probed it was
revealed that SP was stored in the Outpatients Department and
was easily accessible. Since the time of the study, SP shortages
have been documented in a number of health centres in the
Southern Region and further collaboration with the Central
Medical Stores and District Pharmacists is recommended.

The way forward

A change in the national IPT-SP policy is being considered, by
which SP will be offered monthly between 20 and 34 weeks of
* pregnancy. We plan a pilot study to assess this regimen: if suc-
cessful, the new regimen may be extended to the rest of the
country, with the aim of lowering the burden of malarial disease
in this vulnerable population. Meanwhile, we hope that the rec-
ommendations arising from the study described above may help
ante-natal clinics to implement the current national policy as
fully as possible.
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The pattern of bacteraemia in
children with severe malaria

S M Graham, ] Mwenechanya, M Tembo. M Kabudula, E M
Molyneux, A L Walsh, M E Molyneux, T E Taylor

Abstract

Bacteraemia is a recognised complication of severe malaria
and may increase mortality. We determined 1) the rate and
pattern of bacteraemia in children with severe malaria; 2)
the impact of bacteraemia on case-fatality rate; and 3) the
rate and pattern of bacteraemia in following blood
transfusion for severe malarial anaemia. For the first two
objectives, a prospective study was undertaken involving
children admitted consecutively to the Malaria Research
Project ward between February 1996 and June 1999. Blood
culture was performed on admission. Independent associa-
tions with bacteraemia and mortality were determined by
logistic regression. Of 701 children with a final diagnosis of
severe malaria, 36 (5.1%) had bacteraemia. A wide range of
bacteria was isolated and the commonest was non-typhoidal
Salmonella (NTS: n=18 or 50% of all isolates). The rate of
bacteraemia was significantly higher in children with severe
malarial anaemia without coma (11.2%) than in children
with cerebral malaria without anaemia (3.2%) and this was
due to the significant association of NTS bacteraemia with
severe malarial anaemia (p<0.001). The overall case-fatality
rate was 15% and was higher in children with bacteraemia
(22%) but this difference was not significant. For the third
objective, data were collected retrospectively of all children
who received a blood transfusion in the paediatric depart-
ment from March 1996 until May 1997 inclusive. A total of
1712 children received a blood transfusion. Of these, 243
(14.2%) had a blood culture taken for the investigation of
fever following transfusion; a pathogen was grown from 60
(24.7%). NTS bacteraemia accounted for 76.3% of all bac-
teraemia cases. NTS bacteraemia is a common complication
of severe malarial anaemia.

Introduction _ :
It has been recognised for a long time that malaria may be com-

plicated by bacteraemia due to Salmonella, and it was also noted
thirty years ago in Nigerian children that “the development of
fever after transfusion is a useful diagnostic pointer to the
enteric fever” due to Salmonella species.” However, only
recently have prospective studies reported the incidence and
aetiology of bacteraemia in large numbers of children with
severe malaria.*® Bacteraemia rates in these two studies were
5% and 7.8%, infections were due to a diversity of organisms
and, in the study of Kenyan children,' bacteraemia was associat-
ed with a threefold risk of death. There has been no study of the
causes of bacteraemia in African children who develop fever fol-
lowing transfusion.

Non-typhoidal Salmonella (NTS) is the commonest
cause of childhood bacteraemia in studies from tropical Africa,
including Malawi.*® Malaria parasitaemia or severe anaemia are
significantly more common in children with NTS bacteraemia
compared to other causes of bacteraemia such as Streptococcus
pneumoniae.**® It was surprising therefore that NTS bacteraemia
was uncommon in the prospective studies of children with
severe malaria from the Gambia and Kenya. However, these
studies mostly included children with cerebral malaria.**
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We conducted a prospective study to determine the rate, pattern
and impact on outcome of bacteraemia in children with severe
malaria including children with severe malarial anaemia and
children with cerebral malaria. We also collected data retrospec-
tively of bacteraemia in children who became febrile following
blood transfusion.

Methods
Prospective study of bacteraemia in children with severe

malaria

Blood cultures were performed on admission in consecutive
children admitted to the Malaria Project research ward for treat-
ment of severe malaria between February 1996 and June 1999,
Children were admitted for ongoing studies of pathogenesis and
pharmacokinetics using the criteria outlined below. Laboratory
techniques for blood culture and determination of antimicrobial
susceptibility have been described in earlier reports.*” All chil-
dren had demographic and clinical information recorded.
Blantyre coma score (BCS) was used to estimate severity of
coma. ""Other investigations on admission included thin and
thick film microscopy for malaria parasites (MPS), estimation of
parasite density, packed cell volume (PCV) and blood glucose
and white blood cell count (WCC; Coulter Electronics Limited,
Luton, UK). Lumbar punctures were performed on all children
with altered consciousness (BCS <5) unless there was a con-
traindication.

Following diagnosis. children were managed according to stan-
dard protocols. Parenteral quinine was used for all children with
malaria parasites present on peripheral smear. A child was given
a blood transfusion if PCV was <10% or if the child was in res-
piratory distress or coma associated with severe anaemia.
Anticonvulsants were used only as clinically indicated and were
not routinely administered. When septicaemia was suspected on
clinical grounds, chloramphenicol (25 mg/kg four times daily)
was given parenterally, and the choice and duration of antibiot-

ic were reconsidered when the blood culture results were known.
Only children with malarial parasitaemia and a final diagnosis of

severe malaria are included in this analysis. Severe malaria is
defined as follows: severe malarial anaemia (SMA) if
PCV£15% (equivalent to haemoglobin value of £ 5g/dl) and
BCS >2; severe malarial anaemia and cerebral malaria
(SMA/CM) if PCV£15% and BCS£2; moderate malarial
anaemia and cerebral malaria (MMA/CM) if PCV 16-25%
(haemoglobin 5-8 g/dl) and BCS£2; cerebral malaria (CM) if
PCV>25% and BCS£2.

Retrospective study of bacteraemia following blood transfusion
Data were collected retrospectively of all children who received
a blood transfusion in the paediatric department of QECH from
March 1996 until May 1997 inclusive. All admitted children
routinely have a finger-prick sample taken for thick film exami-
nation for malaria parasites and packed cell volume (PCV). The
indications for blood transfusion were not recorded but severe
malarial anaemia is the indication for over 90% of all paediatric
transfusions. All children with PCV<12% (equivalent to a
haemoglobin < 4g/dl) receive a blood transfusion. If the PCV is
greater than 12%, then clinical features (acidosis, altered con-
sciousness, heart failure) and degree of parasitaemia are taken
into account. Donated blood is screened for HIV, hepatitis B,
malaria and VDRL reactivity. The amount transfused is 20
mls/kg of whole blood because packed cells are not available.
Most transfusions occur within 12 hours of admission but some
children are transfused later when severe anaemia develops fol-
lowing admission. A blood culture was taken in children
who became febrile and symptomatic following transfusion.
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Analysis

The Epi-Info 6.0 statistical package was used for data analysis.
Categorical proportions were compared with the ¢2 test. Mann
Whitney U test was used for continuous non-parametric vari-
ables. Logistic regression analysis was used to determine inde-
pendent associations.

Results

Prospective study of bacteraemia in children with severe
malaria

A total of 701 children (median age 32 months, range 3-148
months) admitted to the Malaria Project Research ward over the
study period had a final diagnosis of severe malaria. Of these, 36
(5.1%) had a positive blood culture. Two children with

MMA/CM admitted consecutively grew Enterobacter cloacae
from blood culture and the liquid preparation of quinine for par-
enteral use was later identified as the probable source of infec-
tion. Two children with malarial parasitaemia and bacteraemia
were excluded owing to other final diagnoses. One, with moder-
ate anaemia, coma and Haemophilus influenzae type b bacter-
aemia, was not included as cerebrospinal fluid also grew
H.influenzae type b. The other child had clinical AIDS, severe
anaemia, severe malnutrition and no coma and had separate
episodes of bacteraemia due to Escherichia vulneris and Proteus
mirabilis.

The clinical groups differed in their mean age and
weight, and in frequency and pattern of bacteraemia (Table 1).

Table 1: Pattern of bacteraemia in different clinical groups
of severe malaria.

SMA SMA/CM MMA/CM CM test of

n=98 n=105 n=245 n=253 significance
Age: Mean age (mths) 26 27 34 37 F stat 13.11
Median 28.85 33.14 38.94 45.35 p<0.0001
WAZ: Mean WAZ score 2,25 -2.20 -1.83 -1.81 F stat 10.36
Median =221 -2.21 -1.73 -1.54 p=<0.0001
Total blood isolates: 1 6(5.7%) 11(4.5%) 8(3.2%) X'for trend:

(11.2%) .44

p=0.004

NTS S(4.8%) 5(2.0%) 0
5. typhimurium 8(82%) 1 3 0 X for trend:
S. enteritidis ] 3 0 0 209
Non-typeable 2 1 2 0 p<0.0001
Salmonellae 0
Other organisms 3(3.0%) 1(09%) 6(2.5%) 8(3.2%) X fortrend:
S. pneumoniae 2 0 0 3 0.22
Other streptococci’ 0 0 2 I p=0.6
Enterobacteriaceae™ 1 0 4 2
Others* 0 | 0 2

* Other streptococci were Group D streptococcus (1), a-haemolytic streptococeus (1) and
Enterococcus (1); * Enterobacteriaceae were Enterobacter cloacae (2), Acinetobacter (2),
Escherichia coli (1), Salmonella typhi (1). and Klebsiella (1); ' Others were
Campylol rsp (1), H, philus influenzae (1) and an undentifiable Gram negative
rod (1).

The rate of bacteraemia was significantly higher in SMA com-
pared to CM. This difference was due to the significant associ-
ation of NTS bacteraemia with SMA (see Figure next page).
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Figure: Rates of Bacteraemia in Children with severe malaria
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A wide range of bacteria was isolated from children with CM
whereas 13 of 17 isolates in those with SMA (with or without
CM) were NTS. Children with SMA were younger and more
malnourished than those with CM. Independent associations
with NTS bacteraemia were age of less than 2 years, severe
anaemia and hypoglycaemia but not malnutrition (Table 2).

Table 2: Independent associations with NTS bacteraemia

Clinical Group  No. NTS (%) Crude OR Adjusted OR
association bacteraemia (95%CI) (95%CH

Age <2yrs 201 13(6.5%)  6.85(2.2-22.5) 4.98(1.69-14.7)
(years) 22yrs 500 5(1.0%) 1 p=0.002#
Anaemia =15% 203 13 (6.4%) 6,75 (2.2-22.2) 3.86(1.29-11.5)
(PCV) =15% 498 5(1.0%) 1 p=0.01
Blantyre >3 98 8 (B.2%) 527 (L.8-15.1) 24(0.7-1.8)
Coma Score =3 603 10 (1.7%) 1 p=0.16

Blood glucose =2.2 122 10 (8.2%) 6.37(2.2-18.3) 4.7(1.7-12.7)
(mmaol/l) >2.2 579 8 (1.4%) 1 p=0.002
Weight-for <-2 322 11 (3.4%) 1.88 (0.7-5.5) 1.49 (0.6-3.9)
-age Zscore  >-2 379 7 (1.8%) 1 p=0.4

# p values refer to the likelihood ratio test

The peripheral white blood cell count was not significantly
higher in children with bacteraemia (median WCC 16.1 x 10° per
mm’) than in those without bacteraemia (median WCC: 11.5 x
10°).
The overall case-fatality rate was 15%. The case-fatality rate
was the same in children with NTS bacteraemia and other bac-
teraemia (22%) and was higher in comparison to children with-
out bacteraemia, but this difference was not significant. Severe
anaemia, low coma score, hypoglycaemia, deep breathing or
chest retractions and an admission temperature of less than 38°C
were associated with a higher case-fatality rate. A history of
prior aspirin ingestion was associated with deep breathing
(X?=3.86; p=0.049) but not with a poor outcome or with bacter-
aemia. Deep breathing was associated with bacteraemia
(X*=5.54; p=0.02). Although seizures prior to or after admission
were not associated with a poorer outcome, not receiving anti-
convulsants was associated with a significantly higher case-
fatality rate.
For all study children, case-fatality rate was similar in
those who received antibiotics compared to those who did not
14.7% versus 14.8% respectively). In children with bacter-
aemia, the case-fatality rate was lower in the 24 who received
antibiotics (12.5%) compared to that in the 12 who did not
41.7%) but this difference was not statistically significant
X'=3.16; p=0.076). Two of the three deaths in the former group
and four of the five deaths in the latter group occurred within 3
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hours of admission to hospital. Table 3 shows independence of
risk factors associated with a higher case-fatality rate. Young age
and malnutrition were not associated with a significantly poorer
outcome.

Table 3: Independent associations with mortality
Clinical factor Adjusted OR (95% CI)
Young age 1.07 (0.66-1.72)
<2 years p=0.77#
Severe anaemia 1.87 (1.1-3.2)
Pev < 15% p=0.02
Coma 2.63 (1.2-5.76)
BCS=<2 p=0.01
Bacteraemia 1.45 (0.6-3.44)
p=0.4
Malnutrition 1.25 (0.8-1.92)
WAZ <-2 p=0.3
Hypoglycaemia 3.5 (2.2-5.6)
BSL<2.2 mmol/l p<0.0001
# p values refer to the likelihood ratio test

Retrospective study of bacteraemia following blood transfusion
There were 11,527 admissions to the paediatric department over
the 15-month study period, of whom 1009 (8.8%) had severe
anaemia and 2583 (22.4%) had moderate anaemia on admission.
The proportions of anaemic children who also had malaria par-
asitaemia were 64% (646 of 1009) with severe anaemia and 54%
(1398 of 2583) with moderate anaemia respectively. A total of
1712 children received a blood transfusion. Of these, 243
(14.2%) had a blood culture taken for the investigation of fever
following transfusion; a pathogen was grown from 60 (24.7%).
The overall rate of bacteraemia identified following blood trans-
fusion was 3.5%. The range of isolates is listed in table 4.

Table 4: Range of isolates from blood culture taken
after transfusion

NTS species 46 (76.6%)"
Salmonella typhimurium 33 (55.0%)
Salmonella enteritidis 8 (13.3%)
Non-typable Salmonella spp 5 (8.3%)
Other bacteria 14 (23.4%)

Escherichia coli 3 (5.0%)
Gram negative rods 3 (5.0%)
Escherichia vulneris 1 (1.7%)
Klebsiella 15750
_ haemolytic streptococcus 1 (1.7%)
Group A streptococcus 1 )
Staphylococcus aureus [ (C157%)
Streptococcus pheumoniae 1 (1.7%)
Haemophilus influenzae type b 1 (1.7%)
Neisseria meningitidis group B 1 (1.7%)
Total 60 (100%)

* number of isolates (proportion of total isolates)

NTS bacteraemia accounted for 76.3% of all bacter-
aemia cases. The median age for children who had NTS bacter-
aemia following blood transfusion was 18 months (range 4-144
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months), the mean PCV on admission was 14.6% (median 14%,
range 6-26%) and 31 (66%) also had malaria parasitaemia. The
mean percentage weight-for-age was 72.2. Outcome was record-
ed for 41 children with NTS bacteraemia and 7 (17%) died in
hospital. There were a further 108 cases of NTS bacteraemia
identified in the paediatric department during this 15 month
study period who had not received a transfusion. There were no
significant differences in age, percent weight-for-age or temper-
ature on admission between children with NTS bacteraemia who
were transfused and not transfused. Those with NTS bacter-
aemia that were transfused were more anaemic (mean PCV of
14.9% compared to 27.5% for NTS bacteraemia cases who were
not transfused: p<0.001) and more likely to be parasitaemic
(66% compared to 25.6%: p<0.001). However, the case-fatality
rate (17%) was not significantly different compared to children
with NTS bacteraemia who were not transfused (24.7%:
p=0.35).

Discussion

The rate of bacteraemia was higher in children with severe
malarial anaemia (11%) than in those with malaria and coma
(4%) (p=0.003). The excess of bacteraemia among patients with
severe anaemia was almost wholly due to NTS. Previous
prospective studies of bacteraemia in children with severe
malaria mainly included patients with cerebral malaria, when it
was found that bacteraemia was due to a wide range of Gram
positive and Gram negative organisms.**'" In a report from The
Gambia of 276 consecutive cases of cerebral malaria, the only
child with NTS bacteraemia was also severely anaemic at pres-
entation and the child had blood culture taken after blood trans-
fusion on day 3 following admission.’

We found a high rate of bacteraemia in Malawian children who
“develop fever following a blood transfusion and that NTS was
the cause in the majority (76.3%). This compares to an overall
rate of 38.4% for NTS bacteraemia in the paediatric department
during the same year." The prospective data from our study sug-
gests that the predominance of NTS bacteraemia following
blood transfusion is a reflection of the association of NTS bac-
teraemia with severe malarial anaemia which is the indication
for transfusion rather than an association with transfusion per se.
This means that the child is likely to have had NTS bacteraemia
on admission but the diagnosis was delayed because symptoms
are assumed to be malaria-related for the first 48 hours follow-
ing admission.

Potential confounding factors of an association
between NTS bacteraemia and severe malarial anaemia in
Malawian children include young age and malnutrition. Severe
malarial anaemia typically presents at a younger age than cere-
bral malaria. Severely malnourished children from a non-malar-
ious area of South Africa had a significantly higher frequency of
bacteraemia and a higher case-fatality rate than those with nor-
mal nutrition.12 NTS was the commonest isolate. We found that
severe anaemia remained a significant risk for NTS bacteraemia
independent of age, malnutrition and level of coma.

An important limitation of this study is that the poten-
tial impact of HIV infection on rate of bacteraemia or outcome
was not examined. NTS septicaemia is common and often fatal
in HIV-infected African adults.™" The relationship in African
children is not as well documented and available data are con-
flicting. HIV-seropositive Rwandan children had higher rates of
bacteraemia than HIV-seronegative children overall but HIV
seropositivity was not associated with a higher proportion of
NTS bacteraemia.” In a cross-sectional study of sick, febrile
Zimbabwean children, bacteraemia due to S. enteriditis was
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significantly more common in HIV-seropositive (5.4%) com-
pared to HIV-seronegative children (0.7%)."* The majority of
Malawian children with HIV infection are infected by vertical
transmission and mortality is high in the first few years of life.”
HIV prevalence is therefore likely to be higher in the younger
age group and in our study young age was associated with severe
anaemia and higher rates of bacteraemia. However, HIV infec-
tion is not likely to be a major confounder for a number of rea-
sons. A significant association of NTS bacteraemia with severe
anaemia was described in the Gambia, Zaire and Rwanda either
before HIV infection had been reported or when.childhood
prevalence rates were still very low.*” The HIV prevalence
among children admitted to Queen Elizabeth Central Hospital,
Blantyre, with severe malaria (including severe malarial
anaemia) is 13% which is lower than for any of the other com-
mon childhood illnesses.' This is consistent with data from sim-
ilar studies performed in Zambia and Cote d’Ivoire."”*

We found that the case-fatality rate was higher in chil-
dren with bacteraemia (8/36 = 22%) than in those without
(98/665 = 15%). but the difference was not significant. In a
series of 540 children with severe malaria, Berkley et al report-
ed a case-fatality rate of 33.3% in the 42 patients with
bacteraemia, which was significantly higher than the case-
fatality rate in those without bacteraemia (10.4%).* In contrast to
the Kenyan study, mortality was 7% in Gambian children with
cerebral malaria and bacteraecmia.’ However, the authors con-
ceded that some of the isolates represented contaminants.

Should parenteral antibiotics be used routinely for chil-
dren with severe malaria? This requires careful consideration. It
would demand a substantial increase in resources and facilitate
emergence of antibiotic resistance but may not improve outcome
among children with severe malaria if such children are dying
with bacteraemia rather than of bacteraemia. It was noted in the
carlier studies of children with severe malaria that many chil-
dren with bacteraemia improved without antibiotics.’* In our
study, poor outcome was strongly associated with severity of
coma and severity of anaemia, and not significantly with bacter-
aemia. Those children with bacteraemia that received antibiotics
did have a lower case-fatality rate but this was not statistically
significant. Our study was not designed to assess the benefit of
antibiotics on outcome. Further, 6 of the 8 deaths in children
with bacteraemia occurred within 3 hours of admission which
makes it even more difficult to determine the possible effective-
ness of antibiotics in this study. Our data highlight the contribu-
tions of a number of important clinical variables to the occur-
rence of bacteraemia and to malaria-related mortality but would
not support routine use of antibiotics for children with severe
malaria. '

However, children with severe malarial anaemia
require further consideration. We have shown that the rate and
pattern of bacteraemia is different in Malawian children with
severe malarial anaemia compared to those with cerebral malar-
ia. There is a strong association of NTS bacteraemia with severe
malarial anaemia and young age. NTS bacteraemia is also com-
mon following transfusion for severe malarial anaemia.
Particularly in infants bacteraemia may be complicated by focal
sepsis, such as meningitis.21-24 NTS is a common cause of
meningitis in Malawian children under 2 years of age and there
is a peak incidence after the end of the malaria season.25 In a
recent large study of bacterial meningitis in this department, 9
(319%) of 29 cases with NTS meningitis had a history of recent
blood transfusion compared to 10 (1.8%) of 568 cases with other
causes of bacterial meningitis: _* test 68.8, p<0.0001 (E.M.

Molyneux, unpublished data). It is therefore important to
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identify and treat episodes of NTS bacteraemia. We already rec-
ommend parenteral antibiotics aimed at NTS in children who
develop fever following transfusion for severe malarial anaemia
and would consider routine use in all children with severe malar-
ial anaemia, depending on available resources. Chloramphenicol
is an appropriate choice® but the recent and rapid emergence in
Blantyre of chloramphenicol-resistant Salmonella is a major
concern.

Stephen M Graham'?, James Mwenechanya'”, Madalitso Tembo'?, Martha
Kabudulal, Elizabeth M Molyneuxl, Amanda L Walsh*, Malcolm E
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Abstract
We conducted a retrospective audit of urine cultures at the
Queen Elizabeth Central Hospital (QECH), Blantyre. The
aims of the audit were to determine the common organisms
cultured from urine, in 1994-5 and in 1999-2001, and the
sensitivity of these organisms to the first and second line
drugs used in the management of urinary tract infection
(UTI) in Malawi. A total of 401 samples were studied. One
hundred and thirty- six of these grew isolates that were con-
sidered pathogenic. E. coli was isolated in 50% of the cul-
tures. Isolates were sensitive to cotrimoxazole and nitrofu-
rantoin (the recommended first-line treatments in Malawi)
in only 13% and 48% of cultures, and sensitive to gentam-
icin in 40% and augmentin in 20% of cases. Levels of drug
resistance did not differ between 1994 and 2001.

Antibiotic policies for the management of UTI need
to be reviewed in the light of the high isolate resistance to the
two first line drugs used in the treatment of UTI in Malawi.

Introduction

The Ministry of Health in Malawi adopted an essential health
package (EHP) advocated by World Health Organization
(WHO). Every few years, experts from the Ministry of Health
discuss which drugs to include in this package. The most recent
Malawi Standard Treatment Guidelines (MSTG) recommends
cotrimoxazole or nitrofurantoin for the first-line treatment of
acute UTI and advises culture of urine when treatment fails. We
decided to audit the urine culture records kept in the microbiol-
ogy laboratory at QECH to find out if these drugs are effective
in vitro.

Method

This was a retrospective audit. We studied the urine culture reg-
ister kept in the microbiology laboratory at QECH to look for
the following information: source of the sample, age and sex of
the patient and result of the cultured urine. For those samples in
which an organism was isolated, we noted whether the organism
was considered a contaminant or not. Those cultures with true
pathogen isolates were looked at further for type of organism,
and the antibiotics to which the isolate was sensitive. The audit
was done at two times (September 1994 to January 1995 and
January 2000 to January 2001).

Results

We looked at 401 urine samples (263 in the 1994/95 period and
136 in the 2000/2001 period). The results are presented com-
bined because separate analysis did not show statistical signifi-
cant differences. The outpatient department sent in the largest
number of samples but most of positive cultures were obtained
from samples of in-patients (figure 1).





