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Abstract

Treatment of asymptomatic bacteriuria and urinary tract infections in pregnancy can prevent adverse outcome for mother
and child. However, antimicrobial resistance can impede effective chemotherapy. From April 1995 to March 1996, urine
specimens from 5153 pregnant women in a rural area in northern Tanzania were inoculated on dip slides. Bacterial isolates
from 101 positive dip slides were identified and tested for susceptibility to antimicrobial agents by disc diffusion. In total,
107 bacterial isolates were recovered, 71 Gram-negative and 36 Gram-positive. The most frequent isolates were Escherichia
coli (n =27) and enterococci (n =15). E. coli isolates showed low rates of resistance to ampicillin (17%), mecillinam (9%),
cefalexin (0%), nitrofurantoin (4%), trimethoprim-sulfamethoxazole (0%), trimethoprim (13%) and sulfamethoxazole
(0%). Other Gram-negative bacteria displayed higher rates of resistance to these drugs. All enterococcal isolates were
sensitive to ampicillin and only 2 were resistant to nitrofurantoin. Growth of E. coli from urine culture was correlated with
adverse outcome of pregnancy (relative risk 4.13, 95% confidence interval 1.50—11.38). Antimicrobial susceptibility
prevails in urinary isolates of E. coli and enterococci from rural areas of northern Tanzania. Susceptibility data from both
rural and urban areas should be taken into account when planning antibiotic policies.

is a serious condition associated with increased
morbidity and mortality for mother and child.
Untreated pyelonphritis is associated with 20-50%
incidence of preterm birth. However, the direct
effect of ABU on the child is not well established
[4]. An apparent association between ABU in
pregnancy and preterm delivery/low birth weight
(<2500 g) has been observed [3]; however, there is
doubt as to whether ABU is a separate risk factor or
merely a marker for low socioeconomic status, which
is associated with low birth weight [4]. Even in a

Introduction

Five to ten percent of all pregnant women have
asymptomatic bacteriuria (ABU), commonly de-
fined as the finding of >100,000 bacteria per ml
urine in a single midstream urine in a person with no
symptoms of urinary tract infection (UTI) [1-6]. In
non-pregnant women, ABU is usually considered a
harmless condition. However, among pregnant wo-
men with untreated ABU, as much as 20-30%
progresses to pyelonephritis, probably because
mechanical obstruction of urinary flow from the

enlarged uterus combined with hormonally (proges-
terone) mediated dilatation of the ureteres and renal
pelvis favours ascending infection to the kidney [7].

Various infections, including UTTIs, are thought to
be the cause of approximately 30-40% of all
preterm deliveries [8]. Pyelonephritis in pregnancy

rural Tanzanian population, which may be perceived
as uniformly poor from an economic viewpoint,
care-seeking behaviour is worse among the poorer
than the relatively richer class [9]. Strategies for
routine screening for ABU during pregnancy vary
between hospitals, as dissemination of practical
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knowledge on this topic is impeded by lack of
consensus based on previous studies.

Treatment of UTI in pregnancy is of utmost
importance for mother and child. Given the close
association between ABU and overt UTI, screening
for and treatment of ABU in pregnancy may also
help reduce adverse outcome for the child such as
pre-term labour and low birth weight [3,10]. How-
ever, bacterial resistance to antimicrobial drugs is
increasing worldwide and may hamper the applica-
tion of such chemotherapy [11,12]. Thus, knowl-
edge of the local susceptibility patterns of the most
common uropathogenic bacteria is necessary for
proper obstetric care. Antimicrobial resistance is
increasing also on the African continent [13]. Pre-
vious studies of Gram-negative and uropathogenic
bacterial isolates from Tanzania [14—17] and neigh-
bouring countries [18—23] have revealed moderate
to substantial rates of resistance against antimicro-
bial agents.

It is a paradox that most studies of antimicrobial
resistance focus on referral hospitals in large cities,
while the majority of many countries’ populations
lives in rural settings. The recent ECO.SENS project
[24], which included data from 252 community
health care centres in 16 European countries and
Canada, is acknowledged as the first international
survey to investigate the prevalence and susceptibil-
ity patterns of pathogens causing community-ac-
quired, uncomplicated UTIs in women. The current
study describes the antimicrobial resistance patterns
of bacterial isolates from urinary specimens from
consecutively enrolled pregnant women attending
antenatal clinics in a rural area in northern Tanzania.
We also compare the data with available data from
urban areas in Tanzania. To our knowledge, this is
the first study from Tanzania to focus entirely on
antimicrobial susceptibility in a rural population.

Materials and methods
Parients and study setting

Between mid-April 1995 and mid-March 1996, a
total of 5153 pregnant women were consecutively
enrolled in the study as they attended antenatal care
visits through 11 outreach clinics run by Haydom
Lutheran Hospital (HLH) and 1 stationary hospital
clinic at HLH [25]. The majority of the study
subjects (n=3715) were residents of 2 divisions,
Dongobesh and Basotu, in Mbulu and Hanang
districts, respectively, which are typical rural areas
in Manyara region (previously part of Arusha region)
in northern Tanzania. The study covered an esti-
mated 68% of the pregnant women in those 2
divisions [25]. Being one of the world’s economically
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poorest countries, Tanzania has a high rate of infant
mortality at 117 per 1000 live births (World Health
Organization, http://www.who.int/child-adolescent-
health/). Infections (39%) particularly malaria and
pneumonia, as well as asphyxia (24%) and imma-
turity (15%) are the major causes of stillbirths and
perinatal mortality in the study area [26]. The HIV
seroprevalence in the study area was low, only 0.3%
and 0.4%, respectively, in 2 studies from 1996 and
1998 [27]. HLH is situated 300 km from Arusha,
which is the nearest major city. The outreach clinics,
located 5-100 km from HLH were visited on a
monthly basis.

Specimen collection and laboratory methods

Female field assistants fluent in the 2 major local
languages, Iraqw and Datoga, collected clinical
information and instructed the study subjects in
how to produce a ‘clean-catch’ midstream urine
specimen in pre-boiled and air-dried plastic contain-
ers.

Part of the specimen was inoculated immediately
using the Uricult® dip slide (Uricult®, Orion
Diagnostica, Espoo, Finland), with cystine lactose
electrolyte deficient (CLED) agar on 1 side and
MacConkey agar on the other side. The dip slides
were transported to the hospital within 2—9 h and
incubated at 37°C for 18-24 h. Significant bacter-
iuria was defined as growth of more than 100,000
colony-forming units per ml of 1 or 2 bacterial
isolates [5,6]. If there were more than 2 different
bacterial isolates, the specimen was considered
contaminated. In the presence of a Gram-negative
isolate, coincident Gram-positive isolates were
considered contaminants. The remaining urine
was examined for leucocyte esterase, nitrite,
blood, albumin and glucose using a reagent strip
(Nephur-Test® + Leuco, Boehringer Mannheim
Gmbh, Mannheim, Germany). Positive dip slides
were sent to Norway where bacterial isolates were
identified using standard microbiological methods
[28]. The isolates were tested for susceptibility
against antimicrobial agents using a disc diffusion
method [29]. The drugs tested were ampicillin,
mecillinam, cefalexin, nitrofurantoin, trimetho-
prim-sulfamethoxazole, trimethoprim and sulfa-
methoxazole. The susceptibilities were reported in
accordance with the 4-group system, with the value
1 representing fully susceptible isolates, values 2 and
3 representing intermediate susceptible results and
the value 4 representing fully resistant isolates [29].
For the purpose of statistical analysis and data
presentation we have dichotomized susceptibility
results into resistant (value 4) and not resistant
(values from 1 to 3).
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Ethical clearance

The Commission for Science and Technology
(COSTECH) in Tanzania and the National Com-
mittee for Research Ethics in Medicine in Norway
approved the study. Participation in the study was
voluntary. Study subjects did not receive any remu-
neration apart from free treatment with nitrofuran-
toin tablets (100 mg x 2 for 7 d) if they had ABU/
UTIL

Statistical analysis

For comparison of groups, we used Fisher’s exact
test with a 2-tailed p-value of 0.05 as cut-off for
statistical significance and relative risk as calculated
with the cs-command in Stata version 8 for Ma-
cOSX (Stata Corporation, College Station, TX).

Results
Laboratory results

Among the 5153 pregnant women investigated, 541
(10.5%) had positive dip slide tests. Randomly
chosen positive dip slides from 101 women were
investigated at the laboratory in Norway. From these
dip slides a total of 107 bacterial isolates were
identified, of which two-thirds were Gram-negative
isolates as shown in Table I. The resistance patterns
of Gram-negative and Gram-positive organisms are

Table I. Frequency of bacterial isolates obtained from urine
isolates from pregnant women in Mbulu and Hanang Districts,
northern Tanzania.

Frequency
Organism No. % of subgroups % of total
E. coli 27 38.0 25.2
GNR?* 23 32.4 21.5
Enterobacter spp. 9 12.7 8.4
Klebsiella spp. 4 5.6 3.7
Pseudomonas spp. 3 4.2 2.8
Proteus spp. 2 2.8 1.9
Citrobacter spp. 1 1.4 0.9
Acinetobacter spp. 1 1.4 0.9
Serratia spp. 1 1.4 0.9
All Gram-negative 71 100 66.4
Enterococci 15 41.7 14.0
S. epidermidis 8 22.2 7.5
S. saprophyticus 5 13.9 4.7
S. aureus 2 5.6 1.9
GBS® 2 5.6 1.9
GPC°¢ 1 2.8 0.9
All Gram-positives 36 100 33.6
Total 107 100.0

3GNR: Gram-negative rods, not further identified.; "GBS: Group
B beta-haemolytic streptococci; “GPC: Gram-positive cocci, not
further identified.

shown in Table II. The 3 isolates of Pseudomonas
spp. were resistant to all the 7 first line drugs tested,
but sensitive to gentamicin, ofloxacin and ciproflox-
acin.

Clinical course

The outcome for mother and child could be
verified in 76.9% (n =3961) of the pregnant women
(Table III). Among these, 5.4% (n=213) experi-
enced negative outcome, including death of child
(n=165), death of mother (z=4), death of both
mother and child (z =8) and abortion (7 =36). As
shown in Table IV, neither positive dip slide tests,
nor ABU, nor UTI, was associated with statistically
significantly increased relative risk of negative out-
come of pregnancy.

Among the 541 women with positive dip slides
(423 with known pregnancy outcome), a total of 101
(65 with known pregnancy outcome) were included
in the further microbiological investigation, and the
remaining 440 women (358 with known pregnancy
outcome) were excluded from the following analysis.
The recovery from the urine specimen of any
pathogen, any Gram-negative pathogen or any
Gram-positive pathogen was not associated with
any statistically significant increase in the relative
risk of adverse pregnancy outcome (Table IV).
However, women who had growth of Escherichia
coli from their urines did indeed have significantly
higher relative risk of negative outcome (21.4%,
3/14) than the other women (5.2%, 186/3589,
relative risk 4.13 with 95% CI 1.50-11.38).

All women with positive dip slide tests were
treated with nitrofurantoin tablets. The outcome
was known for 57 women who harboured bacterial
isolates tested for nitrofurantoin resistance (7 bac-
terial isolates have not been susceptibility tested and
1 of the women had infection with 2 organisms).

Table II. Antimicrobial resistance of bacterial isolates obtained
from urine isolates from pregnant women in Mbulu and Hanang
Districts, northern Tanzania.

Gram-negative Gram-positive

bacteria bacteria Total

Ampicillin 40% (25/63)  10% (3/31) 30% (28/94)
Mecillinam 29% (18/63)  90% (28/31)* 49% (46/94)
Cefalexin 19% (12/62)®  61% (19/31)* 33% (31/93)°
Nitrofurantoin 38% (24/63) 35% (11/31)  37% (35/94)
Trimethoprim- 25% (16/63)  13% (4/31) 21% (20/94)
sulfamethoxazole

Trimethoprim 37% (23/63)  19% (6/31) 31% (29/94)
Sulfonamides 22% (14/63)  58% (18/31)* 34% (32/94)

*Enterococci are inherently resistant to mecillinam, cephalosporins
and sulfonamides. ®One isolate of Pseudomonas spp. was not
tested for cefalexin.
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Table III. Overview of the type of clinical outcome overall, in patients with and without positive dip slide test.

Dip slide positive

All patients Dip slide negative All dip slide positive ABU UTI E. coli isolated
Outcome n (%) n (%) n (%) n (%) n (%) n (%)
Beneficial outcome 3748 (94.6) 3353 (94.8) 395 (93.4) 205 (92.8) 190 (94.1) 11 (78.6)
Adverse outcome 213 (5.4) 185 (5.2) 28 (6.6) 16 (7.2) 12 (5.9) 3 (21.4)
Child dead 165 141 24 13 11 3
Mother dead 4 3 1 0 1 0
Both dead 8 8 0 0 0 0
Abortion 36 33 3 3 0 0
Total 3961 (100.0) 3538 (100.0) 423 (100.0) 221 (100.0) 202 (100.0) 14 (100.0)
Outcome not known 1192 1074 118 68 50 8
Grand total 5153 4612 541 289 252 22

Women harbouring bacterial isolates resistant to
nitrofurantoin appeared to have a slightly higher
rate of negative outcome (7.7%, 2/26) than those
with sensitive isolates (3.2%, 1/31), but the numbers
are small and the difference was not statistically
significant (relative risk 2.38, 95% CI 0.23-24.8).

A record of the child’s birth weight was available
for only 17% (873/5153) of the pregnant women,
predominantly because most of the children were
delivered at home in their respective villages with no
facilities for weighing. The proportion of children
with low birth weight (<2500 g) was not signifi-
cantly different between women with positive dip
slide test (7.3%, 7/96) and those without (7.6%, 59/
777, relative risk 0.96 with 95% CI 0.45-2.04).
Among the women who had pathogenic bacteria
isolated from their urine cultures, only 1 woman,
from whom Staphylococcus epidermidis was iso-
lated, gave birth to a child with recorded low birth
weight.

Discussion

E. coli was the most common pathogen in our study
(38% of the Gram-negative isolates, 25% of all

isolates). In the ECO.SENS study the percentage
of E. coli isolates among all pathogens varied from
53% in Portugal to 86% in Norway, and other
Enterobacteriaceae than E. coli, such as Proteus,
Klebsiella, Enterobacter and Citrobacter spp. were
more frequently isolated from southern Europe than
northern Europe [24]. In other studies from Tanza-
nia, E. coli accounted for relatively lower propor-
tions than are commonly reported from Europe, e.g.
E. coli accounted for 66%, 64%, 54% and 52% of
Gram-negative uropathogens in Dar es Salaam in 4
studies from 1976 [14], 1978-79 [15], 1995 [16]
and 1998-99 [17], respectively. It is interesting that
the proportion of UTIs caused by E. coli seems to be
lower in southern countries than in northern ones.
We have no explanation for this, but speculate that
differences in temperature, climate, environment
and/or antibiotic use may influence this.

Treatment of UTI and ABU is of importance to
mother and child, and this study may give indica-
tions for the choice of antibiotic treatment, when
indicated. It is reassuring that the E. coli isolates in
our study were highly susceptible to all tested drugs.
Table V shows a comparison of the resistance of the
E. coli isolates in this study to results from 2 studies

Table IV. Relative risk of negative outcome (death of mother and/or child or abortion) in pregnant women with asymptomatic and

symptomatic bacteriuria and with growth of various organisms.

No of women Cases (negative outcome) Controls (positive outcome) RR? 95% CI®

Positive dip slide 3961 6.6% (28/423) 5.2% (185/3538) 1.27 0.86 to 1.86
ABU® 3961 7.2% (16/221) 5.3% (197/3740) 1.37 0.84 to 2.25
uUTH¢ 3961 5.9% (12/202) 5.3% (201/3759) 1.11  0.63 to 1.95
Pathogen recovered 36038 6.2% (4/65) 5.2% (185/3538) 1.18 0.45 to 3.07
GNR® recovered 36038 9.3% (4/43) 5.2% (185/3560) 1.79  0.70 to 4.60
E. coli recovered 3603 21.4% (3/14) 5.2% (186/3589) 4.13 1.50 to 11.38
GPC' recovered 3603 0% (0/24) 5.3% (189/3579) 0 N/A!
Nitrofurantion resistant organism 570 7.7% (2/26) 3.2% (1/31) 2.38 0.23 to 24.83

aRR: relative risk; °95% CI: 95% confidence interval; “ABU: asymptomatic bacteriuria; YUTL: urinary tract infection, i.e. bacteriuria and at
least 1 symptom of infection; *GNR: Gram-negative rod; {GPC: Gram-positive coccus; ®Excluded 358 women with positive dip slide, which
were not examined with identification and susceptibility testing; “The outcome of pregnancy was known for 57 women from whom a urinary
bacterial isolate was obtained and susceptibility tested to nitrofurantoin; ‘N/A: not applicable.
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Table V. Percentage (no. resistant/no. tested) of E. coli isolates resistant to various antimicrobial drugs. Comparison of studies of urinary
isolates from pregnant women in a rural area of Tanzania, 2 studies of urinary isolates from outpatients (including non-pregnant women and
men) at Muhimbili National Hospital in Dar es Salaam [16,17] and the ECO.SENS study of community-acquired UTIs in women in

Europe [24].

Study, study area Northern Muhimbili National Hospital, Europe — ECO.SENS study
Tanzania, current Dar es Salaam
study
Europe Scandinavia Spain and
overall Portugal
Time 1995-96 1995 1998-99 1999-2000
Study population Pregnant women, Both genders, Both genders, Women <66 y, outpatients
outpatients outpatients outpatients
No. of isolates tested n=23 n=52 n=727% n=2478 n =446 n=277
Ampicillin 17.4 (4/23) - 82.7 (559/676) 29.8 (/2478)  20.0 (89/446) 51.3 (142/277)
Amoxycillin-clavulanate - 1.9 (1/52) 28.3 (145/512) 3.4 (/2478) 4.0 (18/446) 5.8 (16/277)
Mecillinam 8.7 (2/23) - - 1.2 (/2478) 0.9 (4/446) 1.4 (4/277)
Cefalexin 0.0 (0/23) - - - - -
Cefuroxim - 5.7 (3/52) - - - -
Cefadroxil - - - 2.1 (/2478) 3.4 (15/446) 2.9 (8/277)
Ceftazidime - - 5.6 (22/390) - - -
Gentamicin - 1.9 (1/52) 7.7 (44/572) 1.0 (/2478) 0.0 (0/446) 4.3 (12/277)
Nitrofurantoin 4.3 (1/23) 0.0 (0/52) 33.1 (156/471) 1.2 (/2478) 0.2 (1/446) 4.7 (13/277)
Trimethoprim-sulfamethoxazole 0.0 (0/23) - 81.3 (410/504) 14.1 (/2478) 9.4 (42/446) 26.0 (72/277)
Trimethoprim 13.0 (3/23) - - 14.8 (/2478)  10.8 (48/446) 25.6 (71/277)
Sulfamethoxazole 0.0 (0/23) - 87.8 (36/41) 29.1 (/2478) 20.6 (92/446) 47.3 (131/277)

# In the surveillance study from 1998-99 in Dar es Salaam a varying number of isolates were susceptibility-tested for the different drugs.

-: Not done.

from Dar es Salaam [16,17] and the ECO.SENS
study from Europe [24]. The E. coli isolates from
our study generally show similar low rates of
resistance as isolates from the Scandinavian coun-
tries in the ECO.SENS study, except for mecillinam-
resistance which was higher in our study (8.7% vs
0.0-1.6%) and resistance to trimethoprim-sulfa-
methoxazole and sulfamethoxazole, which were
lower in our study (0% vs 8.2-11.3% and 0% vs
16.6—25.0%, respectively).

Not surprisingly, the unspecified Gram-negative
isolates, many of which may be non-fermentative
organisms, were more frequently resistant than the
E. coli isolates to some of the antibiotics tested [24].

Overall, each of the tested antimicrobials was
active against 60—80% of the Gram-negative iso-
lates. Cefalexin appeared to be the drug to which
most bacterial isolates were susceptible. Interest-
ingly, sulfamethoxazole and trimethoprim-sulfa-
methoxazole appear to be highly active against
Gram-negative bacteria. This finding is different
from that shown in a study at Muhimbili National
Hospital in Dar es Salaam, the Tanzanian capital
[17]. At that hospital, particularly sulfonamides now
appear to be useless in the treatment of infections
with Gram-negative bacteria due to frequent resis-
tance. The question arises as to whether sulfona-
mides may not be frequently used in Mbulu and
Hanang. The combined formulation trimethoprim-
sulfamethoxazole, together with other common anti-

biotics such as tetracycline and ampicillin were easily
obtainable in local groceries, whereas cephalospor-
ins, mecillinam, nitrofurantoin and aminoglycosides
were available only by prescription at the hospital
drug store. It was quite common for people in the
study area to buy a few tablets of any available
antibiotic when feeling ill. It is puzzling that resis-
tance to sulfonamides remains low, despite easy
over-the-counter accessibility to the drug. Possibly,
the majority of the population in the study area very
rarely buys modern medicines because they live
remotely from the areas with shops and have little
money. In Dar es Salaam, trimethoprim-sulfa-
methoxazole is used on a wide scale as a prophylactic
against opportunistic infections in people with ad-
vanced HIV disease. In the study area, however, the
prevalence of HIV infection was low (<0.5%)
compared to elsewhere in the country [27]. It is
debated whether HIV infection is associated with
infections caused by bacteria resistant to antimicro-
bials. Apart from the issue of prophylactic antibio-
tics, such an association may be supported by the
notion that HIV infected individuals experience
more frequent episodes of fevers and thus may
have a higher consumption of antibiotics in general.
The low prevalence of HIV infection in the study
group should not have any significant impact on the
bacterial susceptibility patterns, and, indeed, there
were no observed HIV-related deaths in the study
group.



Enterococci, the most frequently isolated Gram-
positive organisms, showed a uniform susceptibility
pattern, with all 14 tested isolates being sensitive to
ampicillin and trimethoprim, and only 2 isolates
being resistant to nitrofurantoin.

A positive dip slide test per se was not statistically
associated with negative outcome of pregnancy.
However, growth of E. coli from a urinary specimen
was associated with a significantly increased relative
risk for negative outcome of the pregnancy. This
finding is in accordance with previous studies by
Kass et al. [1-3]. It is somewhat unexpected that
this association was present despite the administra-
tion of nitrofurantoin treatment to all patients with
positive dip slides. However, compliance with treat-
ment varies greatly, and may be particularly low in
asymptomatic persons. We have no information on
whether the participants actually complied with the
nitrofurantoin treatment in this study. Furthermore,
the study population has high rates of potentially
confounding factors such as maternal malaria, other
infections and poor nutritional status [26].

The study did not detect any association between
bacteriuria and low birth weight. However, the birth
weight was known for only 17% of the pregnancies.

In summary, the study shows that the majority of
uropathogenic bacterial isolates, including E. coli
and enterococci, from pregnant women in a rural
area of Tanzania is highly susceptible to commonly
used antibiotics. Some other bacterial species
showed medium to high resistance rates. It is evident
that even in this remote rural setting, the bacterial
ecology has been affected by the emerging resistance
problems. Nevertheless, considering the high rate of
susceptibility of E. coli and enterococci to commonly
available antibiotics such as nitrofurantoin and
ampicillin, these drugs may still be used for treating
UTI and ABU in pregnant women in the area. We
did not find a correlation between resistance patterns
and the drugs that are easily available over-the-
counter.

An important observation from this study is that
antimicrobial resistance can vary considerably be-
tween rural and urban areas within a country. The
current study showed noticeably lower resistance
rates than reported from studies in large referral
hospitals and urban areas. This should be taken into
consideration when formulating antibiotic policies in
countries such as Tanzania. In many developing
countries, there are little reliable data available from
rural settings, and, consequently, antibiotic policies
are founded on studies from referral hospitals and
urban areas. In Tanzania, the great majority of the
population lives in rural areas. Policies developed for
urban areas may endorse the use of antibiotics,
which are unaffordable for poor rural dwellers,
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including broad-spectrum antibiotics, which have
the additional disadvantage of promoting further
resistance. In countries with large rural populations,
such as in Tanzania, resistance data from rural areas
must play a correspondingly significant role when
deciding antibiotic policies.
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