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Urinary calculi: bacteriological and
chemical association

T. Naas,' 8. Al-Agili'" and Q. Bashir?
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ABSTRACT We investigated the bacteriology of urinary calculi in relation 10 urinary tract infection, stone
formation, chemical compositicn and antibiotic sensitivity. Fifty-two patients (37 males, 15 females) with
urolithiasis were studied. Urine, serum and urinary caleuli specimens were taken and serum biochemical
tests to detect uric acid, calcium and phosphoerus were perfarmed. Urine analysis and cullure were also
performed. Of the 52 patients, 19 (37%) had associated urinary tract infection, with Escherichia coli and
Proteus mirabifis being the most common causative microorganisms. The bacterial isolates from urine and
those from caleuli differed in their susceptibility to antimicrobial agents. We conclude that in over 50% of
patients with urolithiasis, urine culture can detect the infecting organisms associated with stone formation
and the organisms within urinary calculi.

Caleuls urinaires : association bactériologique et chimique

RESUME Lobjectit de cette étude était d'examiner la bactériologie des calculs urinaires en association avec
les infections urinaires, !a formation des calculs, la composition chimigue et la sensibilité aux antibiotiques.
Cinquante-deux patients {37 hommes, 15 femmes) atteints d'urolithiase ont fait 'objet de I'étude. On a
procédé a des prélévements d'échantillons urinaires et sériques et de caleuls urinaires et on a effectué des
dosages sériques pour détecter l'acide urique, le calcium et le phosphore. Une analyse et une culture d’urine
ont également été réalisées. Sur les 52 patients, 19 {37 %) avaient une infection urinaire associée, Esche-
richia colf et Proteus mirabilis étant les micro-organismes pathogénes les plus courants. Les bactéries
isolées dans l'urine et celles des calculs différaient dans leur sensibilité aux agents antimicrobiens, Nous
concluons que la culture d'urine peut détecter 'organisme infectant agsocié & la formation de calculs et les
organismes contenus dans les calculs urinaires chez plus de 50 % des patients atteints d'urolithiase.
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introduction

Urolithiasis is one of the commonest uro-
logical disorders affecting humans. This
ancient health problem has afflicted people
throughout history: scientists have found
evidence of kidney stones in an Egyptian
mummy estimated to be more than 7000
years old [{].

Struvite or infection-induced stones are
the most dangerous of the urinary stone
discases, because of the potentially life-
threatening complications of such infec-
tions. These stones are found mainly in
women with recurrent urinary tract infec-
tions (UTI), and frequently complicate oth-
er types of urinary stones. They are
composed of magnesium amumonivim phos-
phate and/or carbonate apatite and account
for 15%—-20% of all urinary caleuli [2].

Urea-splitting bacteria {i.c. Prureus
spp., staphylococci, Kiebsiella spp. or,
more rarely, Ureaplasma urealyvticum) me-
tabolizc urca in uring, resulting in the depo-
sition of carbonate-apatite and struvite in a
friable matrix, the so-called mixed phos-
phatc stoncs. Non-urcasc-producing bacte-
ria, such as Escherichia coli, are the most
common organisms found in association
with sccondarily infected stones. Ilowever,
sometimes the bacteria secondarily infect-
ing a metabolic stone are urease-producing,
in which case further stone growth is com-
posed of struvite and carbonate apatite [3].

Although there is some relation between
UTI and the formation of urinary stoncs,
this i1s not the only factor involved, for
many patients with chronic pyelonephritis
do not have kidney stones, or stones may
present in the kidney only. Furthermore, in
many cases of urolithiasis, no infection is
found [4].

The aims of this study were to investi-
gate the bacteriology of urinary catculi in
relation to urinary tract infection; to study

the role of UTI in stone formation, and the
chemical composition of the urinary calculi
n relation to urinary tract infection; and to
study the antimicrobial sensitivity pattern
of bacteria isolated from urine and caleuli
specimens.

Methods
The study included 52 patients who pre-

sented with variable symptoms secondary
to stones in the urinary tract and who had
been admitted to the Department of Urolo-
gy in Tripoli Medical Centre, El Zahra Cen-
tre for Kidney Disease Therapy and Elafia
Clinic for surgical removal of the urinary
stones. The age of the patients ranged from
15 years to 90 years {mean = 47 years)
{Table 1). Of these patients, 37 were males
and 15 females (male to female ratio of
2:1). Diagnosis was made by intravenous
uregram or, in patients allergic to contrast
materiai, a comhination of renal ultrasonog-
raphy and plain abdominal X-ray film.

Samples of serum, urine and urinary
stones were eollected from the study pa-
tients. The serum and urine specimens
were collected pre-operatively and before
any antibiotic therapy was given. Serum
levels of calcium, phospherus and uric acid
were measured hy standard biochemical
methods in the laboratory of the hospital
using an automatic device. The urine spec-
imens were subjected to routine micro-
scopic and biochemical analysis and
bactericlogical culture. The urinary stone
specimens were subjected to bacteriologi-
cal culture and qualitative chemical analy-
§is.

Bacterial isolates from urine specimens
and calculi were identified by standard mi.
crobiological procedures [5], and by the
API 20E System (bioM¢érieux, France).
The susceptibility of the bacterial izolates
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to antimicrobial agents was measured in
vitro by the method of Kirby and Bauer [5].

The results were anaiysed stafistically
using the chi-squared test and Fisher exact
test where appropriate.

Results

We found that 37 (71%) male patients had
urolithiasis, compared with 15 (29%) fe-
male patients. Nearly haif’ (48%) of the pa-
tients were aged 30—49 vears (Table 1). Six
{16%) of the 37 male patients had a history
of previous urinary stone disease (either
they spontanecusly passed a stone or it was
extracted surgically), while the remainder
had no previous history of urinary stone
disease. Three (20%) of the 15 female pa-
tients had a previous history of urinary
stone disease (Table 2}.

Hyperuricaemia, defined as a serum
uric acid level higher than 5.7 mg/dL, was
found in 7 (139%) of the patients (Tahle 3).
Hypercalcaemia, defined as a serum calci-
um level higher than 2.6 mmol/L, was
found in 2 (6%) of the patients. Hyper-
phosphataemia, defined as a serum phos-
phorus level higher than 1.45 mmol/dL,
was found in ? (4%) of the patients, and a
combination of hyperuricaemia and hyper-

Table 1 Age and sex distribution of the 52
patients with urolithiasis

Age Males
group

{years) No. % No. % No. %

Females Total

10-15 1 3 e ¢ 1 2
1629 6 16 5 33 1A 21
3049 18 51 6 40 25 48
250 " 30 27 15 29
Total 37 100 15 100 52 100

Table 2 Distribution of the 52 patients
according to history of previous urinary
stone disease

Previous Males Females Total
history No. % No. % No. %

Present 6 16 3 2 ] 17
Absent k) 84 12 ao 43 a3
Total 37 100 15 100 52 100

phosphataemia was found in 3 (6%) of the
patients.

Qualitative chemical analysis of urinary
stones revealed the presence of mixed cal-
cium oxalate, calcium phosphate and mag-
nesium phosphate (53} in 10 (19%)
patients; mixed uric acid, calcium phos-
phate and magnesium phosphate (S6) in 8
{15%) patients; mixed caleium phosphate
and magnesium ammonium phosphate (89)
in 8 (15%) patients; mixed calcium oxalate,
calcium magnesium phosphate and caleium
carbonate (S2) in 7 (13%) patients; pure
caleium oxalate (S1) in 5 (10%) patients;
and purc uric acid (S3) in 4 (8%) patients
(Table 3).

The serum uric acid was higher than
normal in 7 patients who had calculi where
uric acid was one of the components (S5,
$6 and S7). The serum calcium level was
also raised in 3 patients with caleuli con-
taining calcium as one of the components
(S] and S4). Serum phosphorus was ele-
vated in 2 patients with calculi containing
phosphorus as one of the components (S8
and $9), and elevated serum levels of both
uri¢ acid and phosphorus were found in 3
patients with calculi containing uric acid
and phosphorus (86 and 87) {Table 3).

Nineteen (37%) patients, 12 females
and 7 males, had an associated UTI, 14
(73%) of them symptomatic. Of these 19
patients, 15 (79%) had pyuria, 11 (58%)
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Table 3 Normal and abnormal serum level of calclum, phosphorus and uric acid in relation to
various chemical types of urinary stones

Urinary Increased serum level of: Normal Total
stone Uric Calcium Phosphorus Calcium+  Calcium Phosphorus

type acid phosphorus +uricacid + uric acid

S1 o i 0 o o 0 4 5
82 o 0 0 o 0 0 7
S3 0 o} 0 0 U 0 10 10
54 0 2 0 0 0 0 1 3
S5 4 0 o 0 0 0 0 4
S6 2 0 0 0 o] 2 4 8
S7 1 0 0 0 ¢ 1 0 2
S8 0 0 1 0 0] 0 2 3
59 0 0 1 0 0 0 7 8
510 0 0 ) 1 0 0 1 2
Towl (%) 7{13) 3(8) 2{4) 1(2) 0(0) 3(8) 36 (69) 52 (100)

81 = calcium oxalate. 52 = calcium oxaiate + calcium phosphate + magnesium phosphate + calcium
carbonate. 83 = calcium oxalale + calcium phosphale + magnesium phosphate. 84 = calcium oxalate +
uric acid. S5 = pure uric acid. 56 = uric acid + calcium phosphate + magnesium phosphate. 87 = uric acid
+ ammonium urate + ammonium phosphate. 88 = caicium phosphate. S9 = calcium phosphate + magnesium
phosphate + ammonium phosphate. S10 = calciumn phosphata + rmagnesium phosphate + calcium
carbonate.

had epithelial cells in the urine and 13 tical with those isolated from the pre-oper-
(68%) had proteinuria. The most common  ative urine specimens, while 6 isolates (1
microorganisms isolated from 52 pre-oper-  Psendomonas aeriginosa and 5 Staphylo-
ative urine specimens were E. coli and P coceus spp.) were isolated from calculi but
mirabilis with 5 isolates each. The same  not from urine specimens.
type of microorganisms were found in both Urease-producing microorganisms (i.e.
pre-operative and intra-operative urine P mirabilis, Enterobacter aerogenes and K.
specimens except in 5 patients where the  prewmoniae) were detected in 8 (42%) of
intra-operative urine was sterile. In con- 19 pre-operative urine specimens and 7
trast, the bacterial species isolated from the (50%) of 14 intra-operative urine speci-
calculi of the patients were dominated by 2 mens. They could therefore be responsible
mirabilis and Staphylococcus spp., with 5 for UTI in these patients. Furthermore,
isolates each. Of the 6 Sraphylococcus spe-  58% of the 19 urinary calculi specimens
cies isolated (1 from pre-operative urine  were positive for urease-producing micro-
and 5 from calculi), 1 was identified as §. organisms (5 P. mirabilis, 2 S. aureus and 1
saprophyticus (from pre-operative urine), 3 S. epidermidis, 2 K. pneumoniae and 1 En-
were S, aureus and 2 were S. epidermidis terobacter aerogencs).
(all from calculi) (Table 4). Interestingly, E. coli was found to be
Of the 19 urinary calculi associated  associated with stone types S1, S2 and S3,
with a UTIL, 12 bacterial isolates were iden-  in which calcium oxalate is one of the com-
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Table 4 Bacterial species isolated from pre-operative urine, intra-operative urine

and renal calculi of the 52 patients

Bacterial species

Urinary isolates

Catculi isolates

isolated Pre-operative urine intra-operative urine
No. % No. %, No. %

Préteus mirabilis 5 96 4 7.7 5 98
Escherichia coli 5 9.6 4 77 3 5.7
Enterobacter asrogenes 1 19 1 18 1 19
Kiebsiélla pneumoniae 2 38 2 38 2 38
Citrobacter freundii 1 19 1 18 0 0.0
Pseudomonas aeruginosa 1 19 1 19 2 38
Staphylococeus spp? 1 1.9 1 19 5 9.6
Streptococcus faecalis 1 19 0 0.0 o] 0.0
Mixed growth 2 3.8 0 0.0 1 1.8
No growth 33 63.4 38 73.0 3 634
Total 52 10.0 52 100.0 52 100.0

aStaphylococcus spp. = S. aureus and S. epidermidis (from calculi} and S. saprophyticus {from

urine).

ponents in addition to phosphate. However,
P mirabilis isolates were associated with
stone types S2 and S9, where phosphate is
the major component. Types S5 and 86, in
which uric acid is the main component,
were not associated with microbial growth
(Table 5).

There were differences between uri-
nary isolates and calculi isolates in the anti-
microbial susceptibility patterns. The
calculi isolates were less sensitive than uri-
nary isolates to most of the antibiotics test-
ed (Table 6).

Discussion

In our study, male patients were affected
with urolithiasis more often than female pa-
lients, with a malc to female ratio of 2:1.
This result is in agreement with other stud-
ies, which show that urinary tract stone
discase affects men more frequently than

women; the reported ratio of male to fe-
male stone disease is 3:1 [6—8]. From our
study, it also appears that renal stone dis-
ease develops more frequently in the age
group of 30-49 years. This result is in
agreement with other studies from Saudi
Arabia, which show urolithiasis occurs
more frequently in the third decade of life
[1,9-11].

Sixteen patients had abnormal serum
levels of uric acid, calcium or phosphotus.
Hyperuricaemia was observed in some pa-
tients whose calculi contained uric acid as
one of their components. These types of
stones (i.e. S35, 86 and S7) together consti-
tuted 27% of the total. Only one patient
{7%) with uric acid-containing stones had
an infection of the urinary tract; the re-
maining (93%) presented without UTL
This could indicate that metabolic disorders
are greater risk factors than urinary tract
infection. However, the small number of
patients involved should be borne in mind.
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Table 5 Frequency of occurrence of renal stones in relation to urinary tract infection in

study patients

Urinary Frequency of occurrence of renal stones Total
stone in relation to urinary infections [No. (%)]

type Prot. Esch. Ent Kleh. Cit. Pseud. Staph. Strep. MG NG

S1 1 (20%) 1 {20%) 3 (60%)

82  2(29%) 1 (14%) 1 (14%) 3 (43%)

83 2 (209%) 1 (10%;) 7(70%) 10
54 1 (33%) 2(867%) 3
S5 4(100%) 4
Se 8(100%) 8
57 1 {50%) 1(50%) 2
S8 1 (33%) 1 (33%) 1(33%) 3
89 3(37%) 1{13%) 4(50%) 8
510 2 {100%) 0(0%) 2
Total 5(10%) 5 (10%) 1{2%) 2(4%) 1(2%) 1(2%) 1{2%) 1(2%) 2(4%) 33{(63%) 52

S1 = caleium oxalate. 82 = calcium oxalate + calcium phosphate + magnesium phosphate + calcium
carbonate. 83 = calcium oxatate + calcium phosphate + magnesium phosphate. S4 = calcium oxalate +
uric acid. 55 = pure uric auid, 86 = uric acld + caicium phrosphate + magnesium phosphate. 57 = uric acid
+ ammonium urate + ammonium phosphate. S8 = caleium phosphate. S8 = calzium phosphate + magnesium
phosphate + ammonium phosphate. S§10 = calcium phosphate + magrniesium phosphate + calcium

carbonate.

FProt. = Proteus mirabilis, Esulr. = Escherichla coll, En, = Enterobacter aerogenas,
Kieb. = Klebsiella pneumonias, Cit. = Citrobacter freundii, Pseud. = Pseudomenas aeruginosa
Staph. = Staphylococcus spp., Strep. = Streptococeus faecalis, MG = Mixed growth, NG = No growth.

Gad et al. have shown that UTI was con-
sidered a high risk factor in Libyan patients
with uric acid stones associated with UTI,
rather than metabolic disorders [12]. Hy-
percalcaemia was observed in 6% of our
patients. This may be due to some predis-
posing condition, such as hyperparathy-
roidism, which causes an increase in
calcium tumover in bone and is considered
to be an important cause of hypercalciuria.
These patients with hypercalcaemia had
calculi of types S1 and S4 and no UTI. Hy-
percalcaecmia may therefore predispose to
their formation.

It is important to elucidate whether a
UTI associated with calculi is related to the
stone forialion. It is understood that in the

presence of accelerated ureolysis, the alka-
linity and concentrations of ammonia, bi-
carbonate and carbonate in the urine are
sufficient for crystallization of struvite and
carbonate apatite [/3]. Holmgren reported
that of 796 consecutive patients at a stone
clinic over a 10-year period, 52 (7%) had
recurrent or chronic UTI that was consid-
ered to be of pathogenic importance in the
stone formation [/4]. Our study shows
that 37% of patients had UTT associated
with urinary calculi. E. coli and P mirabilis
were the most commonly isolated microor-
ganisms.

Urease-producing microorganisms
were detected in 42% of 19 patients with
UT], and they may therefore play a role in
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Table 6 Susceptibility of Gram-negative
bacteria isolated from urine specimens
and calculi to antimicrobial agents

Antibiotic Sensitivity (%)
Urinary Caleculi
isolates isolates
(rr=28) {n=13)

Ampicilin (10 mg) 36 12

Augmentin (30mg) 68 48

Carbenicillin (100 mg) 43 24

Cephalexin (30mg) 24 20

Cefamandole (30 mg) 75 72

Cefataxime (30 mg) 100 100

Ceftazidime (3¢ mg) 100 100

Chloramphenicol (10 mg) 50 18

Gentamicin (10 mg) 92 75

Oxytetracycline (30 mg) 50 27

Norfloxacin (10 mg) 100 100

Co-trimoxazole {25 mg) 47 30

Nalidixic acid (30 mg) 76 56

Nitrefurantoin (30 mg) 66 30

Colistin sulfate 100 100

stone formation in these patients. The en-
zyme urease hydrolyses urea to ammonium
and carbon dioxide, which leads to the
crystallization of magnesium ammonium
phosphate and cerbonate apatite. In our
study, 60% of P mirabilis isolates were
associated with S9 type stones, which are
struvite mixed with calcium phosphate,
while 40% were associated with S2 type
stones, which are struvite mixed with cal-
cium carbonate, calcium phosphate and
calcium oxalate. This could be explained if
urease-positive P. mirabilis isolates led to
the formation of struvite. These struvite
stones may be formed first following UTI
by P mirabilis. Subsequently, other types
of salts, such as calcium phosphate, may

be precipitated on them as in S9 type
stones, or may be formed secondary to
metabolic stones such as calcium oxalate
stones after infection with P mirabilis, as
in 82 type stones [3]. E. coli isolates were
associated with 20% of S1 type stones
(calcium oxalate), 14% of S2 type stones
(calcium oxalate, calcium phosphate and
magnesium ammonijum phosphaie) and
20% of S3 type stones (calcium oxalate
mixed with calcium phosphate). E. coliis a
non-urease-producing microorganisi and
may have led to secondary infection in
these cases [3].

We observed thal caleuli isolates were
meore resistant than urinary isolates to most
of the antimicrobial agents tested. This can
be explained by the presence of bacteria
below the surface of the stone, which are
not treached by antibiotics although the
urine and stone surface were cleared with
appropriate antibiotic therapy [/5]. If the
antibiotic therapy is stopped while the in-
fected swne fragment is still present, the
original infection will tecur [/6].

In conclusion, urine culture of patients
with infections associated with urolithiasis
can identify the infecting organisms associ-
ated with stone formation and the organ-
isms residing within urinary calculi in more
than 50% of patients. Bacteria present
within the calculi may not be detected by
urine culture, and may act as foci of persis-
tent infection of the urinary tract. As ob-
served clinically, when these stones are
treated by any method that leads to their
disruption, the bacteria will be released and
may cause bacteraemia or endotoxaemia.
To prevent such complications, prophylac-
tic antibiotic therapy should be given to the
patients in the pre-operative period. As the
calculi isolatcs were more resistant than
urinary isolates to most antibacterial agents
tested, broad spectrum antibiotic therapy
should be used prophylactically before the
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operation. Finally, chemical analysis of the  the management and prevention of stone

wrinary stones, to elucidate any factors pre-  recurrence.
disposing to stonc formation, will help in
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