at 32 weeks of gestation. In this case, the neonate’ s
HPA-5b alloimmunization had substantially less severe
manifestations than other HPA-antigen alloimmunizations;
the reported incidence of intracranial hemorrhage due
to HPA-5b alloimmunization is 0-8% [7]. However, due to
the risk of occurrence of NAIT, cordocentesis was
performed at 34 weeks of gestation in order to decide
the mode of delivery. The platelet count was sufficient
for vaginal delivery. The fetus was delivered by
vaginal birth, and there were no bleeding complications.
The fetal platelet count transiently decreased, but
subsequently increased without any treatment.

There must be a 50% risk of feto-maternal
incompatibility of HPA-5b about next pregnancy
because the patient has anti-HPA-5b antibody and her
husband has a HPA-5 (at+b+) antigen. Recently,
maternally administrated intravenous immunoglobulin
has been the most successful therapy [6] however
health insurance adaptation cannot be accepted in our
country. In any case, a sufficient counseling about a
recurrence of NAIT is important.
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Abstract

It became evident that tenofovir DF (TDF) causes a modest and gradual decline in GFR, however, the impact of
long-term use of TDF on tubular function has not been fully evaluated. In 40 patients treated with TDF and 23
patients treated with other NRTIs, urine ff,-microglobulin (U-BMG), percentage tubular reabsorption of phos-
phate (%TRP), alkaline phosphatase (ALP), serum creatinine, and calculated GFR were prospectively measured
for 96 weeks. In patients receiving TDF, median U-BMG rose from 188 ug/liter at baseline to 555 ug/liter at week
96 (p=0.02), median %TRP declined from 94% at baseline to 90% at week 96 (p =0.002), median ALP ratio
compared with baseline persistently increased from 1 to 1.278 at week 96 (p=0.001), and serum creatinine
showed significant but minimal change from 0.64mg/dl to 0.74mg/dl at week 96 (p=0.02). The GFR level
declined minimally but significantly in TDF-receiving patients (-17 ml/min/1.73 m?), whereas it did not change
in other NRTI-receiving patients [ +3 ml/min/1.73 m?; mixed models analysis of variance (MMANOVA) p = 0.03
for overall change from baseline to week 96]. U-BMG, %TRP, ALP, or serum creatinine did not change signif-
icantly in other NRTI-receiving patients during the observation period. In five patients with marked changes in
U-BMG (>10,000 ug/liter) and %TRP (<80%), both U-BMG and %TRP immediately recovered in all patients after
discontinuing TDF, whereas GFR levels did not fully recover for 6 months in three patients. Prolonged treatment
with TDF caused progressive renal tubular dysfunction as well as a modest decline in GFR. If U-BMG levels
>10,000 pug/liter and %TRP values <80% are observed, discontinuing TDF may be beneficial.

Introduction

ENOFOVIR DISOPROXIL FUMARATE (TDF), a nucleotide

analogue of adenosine 5-monophosphate, is one of the
most widely used antiretroviral agents for HIV-l-infected
patients. Although clinical trials have concluded that TDF-
associated renal toxicity is rare and reversible,' it is evi-
dent that long-term administration of TDF causes a gradual
decrease in glomerular filtration rate (GFR).*” Purthermore,
a growing number of case reports suggested that TDE-
associated renal toxicity is mainly caused by proximal tubular
injury.®** TDF is excreted via renal proximal tubular trans-
porters.’>*® Adefovir and cidofovir, both nucleotide ana-
logues, have been reported to cause human renal toxicity via
mitochondrial injury in renal tubular epithelial cells."
Nevertheless, the impact of the long-term use of TDF on
proximal tubular function has not been fully evaluated.

Materials and Methods

This study was conducted prospectively from May 2004 to
May 2007. Among 164 HIV-l-infected patients who were

registered in Ogikubo Hospital, 110 patients were treated
with antiretroviral drugs. Of 110 treated patients, 63 patients
who could come to Ogikubo Hospital regularly to have reg-
ular blood and urine sampling with informed consents were
enrolled in this study. Exclusion criteria were a moderately
low level of calculated GFR (<80 ml/min/1.73 m?). Of 63 en-
rolled patients, 40 patients were treated with a TDF-based
regimen and 23 patients were treated with another NRTI-
based regimen. The characteristics of the sample population
are shown in Table 1. Of the 40 patients who received TDF, 32
ART-experienced patients simply switched from d4T to TDF
to avoid future risk of lipodystrophy or other d4T-related
adverse effects. In TDF-receiving patients (n =40), combined
NRTIs were as follows: 34 patients with lamivudine (3TC) or
emtricitabine (FTC), 4 patients with abacavir (ABC), and
2 patients with didanosine (ddI). In other NRTI-receiving
patients (p =23), combinations of two NRTIs were as follows:
10 patients with zidovudine (ZDV)+3TC, 10 patients with
stavudine (d4T) + 3TC, 2 patients with d4T +ddl, and 1 pa-
tient with d4T + ABC. Informed consent was obtained from
all enrolled patients.

Department of Hematology, Ogikubo Hospital, Tokyo, Japan 167-8515.
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TasLE 1. CHARACTERISTICS OF SAMPLE POPULATION

TDF Other NRTI
Number of patients 40 23
Sex male 40 (100%) 23 (100%)
Median of age (range) 35 (27-66) 32 (22-68)

Median of CD4 (cell/mm?®)
Median of HIV RNA (copies/ml)
History of HAART
Underlying
antiretrovirals
Efavirenz
Nevirapine
Atazanavir/ritonavir
Lopinavir/ritonavir
Nelfinavir
Dual therapy
Route of HIV-1 infection
Contaminated blood products
Sexual transmission
Underlying disease
Diabetes mellitus
Indinavir-associated renal atrophy
Pretreatment with indinavir

376 (69-1243)
33 («<50-100,000)
Naive 8 Experienced 32

224 (12-748)
18,000 (<50~100,000)
Naive 9 Experienced 14

14 (35% 6 (26%)
3 (8%) 0 (0%)
16 (40%) 6 (26%)
5 (13%) 3 (13%)
2 (5%) 6 (26%)
0 (0%) 2 (9%)
36 (90%) 17 (74%)
4 (10%) 6 (26%)
6 (15%) 2 (9%)
2 (5%) 0 (0%)
7 (18%) 7 (0%)

Laboratory testing

Urine fr-microglobulin (U-BMG), %TRP, alkaline phos-
phatase (ALP), serum phosphorus, serum uric acid, serum
creatinine, and GFR were prospectively measured along with
a urinalysis performed every 4-12 weeks, from baseline to 96
weeks, in 40 patients treated with TDF. In 23 patients treated
with other NRTIs, serum creatinine, GFR, and ALP were
prospectively measured every 3 months, while U-BMG and
%TRP were measured every 12 months for 2 years in 17 pa-
tients during the same period. U-BMG was determined using
a spot urine sample. %TRP was calculated using the following
formula: %TRP = [1- (urine phosphorus/serum phosphorus x
serum creatinine/urine creatinine)}x100. Urine phosphorus
and urine creatinine were measured on the spot urine sample
and serum creatinine and serum phosphorus levels were ob-
tained from blood samples on the same day. GFR was cal-
culated based on the simplified modification of diet in renal
disease (MDRD) equation, which is described in the National
Kidney Foundation’s Kidney Disease Outcomes Quality In-
itiative.® In urinalysis, urine glucose and urine protein were
evaluated in accordance with the color chart of the dipsticks
(Labsticks; Bayer Medical Corp., CA). Renal tubular epithelial
cells were counted with high-power fields (HPF; 400 x objec-
tive), and granular casts were counted with low-power fields
(LPF; 100x objective) from urine sediments.

Statistical analyses

Changes over time within groups were assessed using the
Wilcoxon signed rank test, and levels of renal parameters
between two groups at week 96 were compared using the
Mann-Whitney U test. Moreover, mixed models analysis of
variance (MMANOVA) was used to assess the overall pattern
of changes in GFR from baseline to week 96 in the total sam-
ple population.'® MMANOVA allowing for the influence of
TDF/other NRTI assignment, naive/experienced assignment,

baseline U-BMG level, and a potential interaction between
TDF/other NRTI assignment and naive/experienced assign-
ment was applied to adjust the significance level for the
change on GFR. All analyses were performed using SAS re-
lease 8.02 (SAS Institute, Cary, NC).

Results
Renal parameters

In TDF-receiving patients, 3/40 (8%) patients discontinued
TDF before week 96 due to a progressive decline of GFR and
tubular dysfunction, whereas there was no patient who dis-
continued antiretrovirals in other NRTlI-receiving patients.

The median [interquartile range (IQR)] of U-BMG was
significantly elevated from 188 (134-359) ug/liter at baseline to
555 (229-1425) ug/liter at week 96 ( p = 0.02) in TDF-receiving
patients (Fig. 1a). Highly elevated U-BMG (>>10,000 pg/liter)
was observed in 3 of 40 (8%) patients by week 96, and mod-
erately elevated U-BMG (1000-10,000 ug/liter) was observed
in 15 of 40 (38%) patients by week 96. In contrast, in other
NRTI-receiving patients (1 = 17), U-BMG did not change sig-
nificantly during the study period [from 170 (96-217) ug/liter
at the initial point of the study to 150 (81-307) ug/liter at the
end of the study; p =0.37], and there was no patient with a
moderate or marked elevation of U-BMG (>1000 pg/liter).

The median (IQR) of %TRP showed a significant decline
from 94 (92-96)% at baseline to 90 (89-95)% at week 96 in TDF-
receiving patients (p =0.04; Fig. 1a), whereas there was no
significant decline of %TRP in the other NRTI group [# =17;
from 96 (95-97)% at the initial point to 94 (91-96)% at week 96
(p=0.33)]. A marked decline in %TRP (<80%) was observed
in 3/40 (8%) patients, and a moderate decline (80-90%) was
observed in 18/40 (45%) patients at week 96, whereas there
was no patient with a moderate or marked decline (%TRP
<90%) in the other NRTI group. Comparing the patients who
had mildly decreased %TRP (%TRP <90% on two occasions)
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with those with normal %TRP (%TRP >90%), the former had
significantly higher levels of median serum creatinine [0.79
(0.74-0.91)mg/dl vs. 0.63 (0.56-0.70)mg/dl, p=0.002] and
significantly lower levels of median GFR [118 (106-136)
ml/min/1.73 m? vs. 160 (139-177) ml/min/1.73 m?, p =0.001]
at week 96.

The median (IQR) of MDRD-GFR declined gradually
from 150 (126-165) ml/min/1.73 m? at baseline to 136 (116~
157) ml/min/1.73 m” at week 96 (p = 0.02) in TDF-receiving
patients, whereas it did not change in other NRTI-receiving
patients (n=23) [from 129 (112-138) ml/min/1.73 m? at
baseline to 136 (124-145) ml/min/1.73m? at week 96
(p=0.39); Fig. 1b]. In using the Cockcroft-Gault equation,
the median (IQR) of GFR also declined from 138 (112-155)
ml/min/1.73m? at baseline to 127 (105-148) ml/min/
1.73 m? at week 96 (p = 0.02), whereas it did not significantly
change in other NRTI-receiving patients [from 129 (117-143)
ml/min/1.73m* at baseline to 135 (116-155) ml/min/
1.73m? at week 96 (p=0.65)]. The change in MDRD-GFR
over time was reassessed using MMANOVA. In using
MMANOVA, GFR declined significantly in TDF-receiving
patients (-17 ml/min/1.73m? p = 0.04), whereas it did not
change in other NRTI-receiving patients (+3 ml/min/1.73 m?,
p=0.43). The overall difference between the two treatment
group was statistically significant (MMANOVA, p=0.03).
GFR change was not significantly influenced by previous
administration of HAART (MMANOVA, p=0.07) or base-
line U-BMG levels (MMANOVA, p=0.28). There was no
significant interaction between TDF/other NRTI assignment
and naive/experience assignment (MMAOVA, p =0.73). The
median (IQR) of serum creatinine increased from 0.64 (0.59—
0.75)mg/dl at baseline to 0.74 (0.64-0.80)mg/dl at week 96
(p=0.02), whereas it did not change in other NRTI-receiving
patients [ = 23; from 0.73 (0.68-0.83) mg/dl at baseline to 0.70
(0.66-0.78) mg/dl at week 96 (p =0.14), respectively].

The median (IQR) of ALP persistently and significantly
rose during the study period in the TDE group [from 289 (261—
382) IU/liter at baseline to 355 (280-421) IU/liter at week 96
(p=0.001)], whereas it did not change significantly in other
NRTI groups [from 172 (138-250) IU/liter at baseline to 180
(148-247) 1U/liter at week 96 (p=0.98)]. In comparing the
ALP ratio (relative to baseline), the median (IQR) ALP ratio in
patients receiving TDF was significantly higher than in pa-
tients receiving other NRTIs [1.278 (1.059-1.354) vs. 1.003
(0.876-1.098) (p=0.02); Fig. 1c]. Even in patients receiving
TDF, serum phosphorus and serum uric acid were not sig-
nificantly decreased during the study period. The median
(IQR) serum phosphorus level was 3.4 (2.9-3.6)mg/dl at
baseline and 3.0 (2.7-3.4) mg/dl at week 96 (p=0.20), and
serum uric acid was 6.1 (5.0-7.0)mg/dl at baseline and 5.5
(4.9-6.6) mg/dl at week 96 (p=0.08).

In TDF-receiving patients, a reduction in GFR level was
associated with U-BMG levels. GFR significantly decreased in
patients with higher U-BMG (>1000 ug/liter) in two or more
occasions from 132 (124-159) ml/min/1.73m? at baseline to
118 (104-151) ml/min/1.73 m* at week 96 (p = 0.01), whereas
it did not decrease in the other patients [from 155 (134-
172) mg/dl at baseline to 143 (133-164) mg/dl (p=0.59)]. In
comparing GFR levels at week 96 between the patients with
higher U-BMG (>1000 pg/liter) on two or more occasions and
those with lower U-BMG (<1000 ug/liter), the former level
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was significantly lower than the latter [118 (104-151) ml/
min/1.73 m? vs. 143 (133-164) ml/min/1.73 m? (p = 0.04)].

In urinalysis, the ratio of the patients with positive urine
protein did not significantly increase in both TDF-receiving
patients and other NRTI-receiving patients [19% at baseline
and 26% at week 96 (p =0.84) in TDF-receiving patients and
5% at baseline and 5% at week 96 in other NRTI-receiving
patients (p = 0.86), respectively]. There was no statistical dif-
ference in the ratio of positive urine protein at week 96 be-
tween the two groups. A ratio of the patients with positive
wrine glucose did not significantly change in both TDE-
receiving patients and other NRTI-receiving patients [19%
at baseline and 26% at week 96 in TDF-receiving patients
(p=0.84) and 5% at baseline and 5% at week 96 in other
NRTlI-receiving patients, respectively]. Granular cast was
observed in 5% at baseline and 6% at week 96 in TDF-
receiving patients, and 0% at baseline and 0% at week 96 in
other NRTI-receiving patients. There was no significant dif-
ference between the two groups at baseline or week 96
(p=0.77 and 0.85, respectively). Renal tubular epithelial cells
were observed in 17% at baseline and 8% at week 96 in TDE-
receiving patients (p=0.46), and 5% at baseline and 9% at
week 96 in other NRTI-receiving patients. There was no sig-
nificant difference between the two groups at baseline or
week 96 (p=029 and 0.43, respectively). Among the five
TDF-receiving patients with rapid deterioration of U-BMG
and %TRP, granular casts were observed in only two patients
and renal tubular epithelial cells were observed in three pa-
tients.

Severe TDF-associated renal toxicity and its recovery
after discontinuation of TDF

In this study, severe renal toxicity was observed in five
TDF-receiving patients (Table 2), whereas neither reduction of
GFR nor tubular dysfunction was observed in other NRTI-
receiving patients. Among these five patients, three patients
(Patients 1-3 in Table 2) showed TDF-associated renal toxicity
during the study period, and they discontinued TDF. The
other two patients had acute renal failure after the study pe-
riod (Patients 4 and 5). An extremely abnormal value of
U-BMG (>10,000 pg/liter) and %TRP (<80%) were observed
in all five patients, but both of them recovered to baseline
levels immediately after TDF was discontinued in all cases. In
three of five patients, GFR levels rapidly declined from a
normal level (>90 ml/min/1.73m?) to a mildly decreased le-
vel (60-89 ml/min/1.73m?), and in the other two patients, it
declined from normal to a moderately decreased level (30—
59 ml/min/1.73 m%). In three patients (Patient 1, 2, and 4), the
GEFR level did not fully recover for 6 months after discontin-
uation of TDF (Table 2).

No association between TDF-associated renal toxicity
and low CD4 cell count

- Among TDF-receiving patients, urine-f,-microglobulin,
%TRP, ALP, GFR, and serum creatinine were compared be-
tween patients with low CD4 cell counts at baseline (<200/ul;
n=11) and patients with normal CD4 cell counts at base-
line (>200/pl; n=29). In the 11 patients with low CD4
cell count <200, U-BMG at baseline and week 96 was 307
(235-455) ug/liter and 411 (262-711) ug/liter; %TRP was 94
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(92-95)% and 90 (88-93)%; GFR was 159 (146-174) ml/min/
1.73m? and 147 (134-163) ml/min/1.73 m? and serum creati-
nine was 0.62 (0.57-0.66) mg/dl and 0,67 (0.62-0.74) mg/dl In
contrast, in the 29 patients with normal CD4 cell count >200,
U-BMG at baseline and week 96 was 154 (113-194) ug/liter
and 499 (208-1790) ug/liter; %TRP was 94 (92-96)% and 91
(85-93)%; GFR was 151 (130-163)mlmin/1.73m® and 130
(116-157) ml/min/1.73m% and serum creatinine was 0.64
(0.59-0.75)mg/dl and 0.74 (0.64-0.80) mg/dL.

Discussion

Several large clinical studies revealed that long-term use of
TDF caused a gradual reduction of GFR, whereas tubular
dysfunction has not been fully evaluated. Although increased
urinary loss of BMG has already been observed in the patients
treated with TDF both in adults'” and children,'®'? it has not
been determined whether long-term use of TDF causes tu-
bular dysfunction, or whether TDF-associated tubular dys-
function is persistent/progressive or transient. This study first
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showed that long-term use of TDF caused progressive tubular
dysfunction, whereas a decline in GFR was significant but
minimal. Three of five patients with severe proximal tubular
dysfunction (U-BMG > 10,000 pg/liter and %TRP < 80%) did
not show a marked low level of estimated GFR (<60 ml/
min/1.73 m%), although they presented with a rapid reduction
of estimated GFR. Also, in a previously reported case with
typical Fanconi’s syndrome,® maximum serum creatinine
was 1.06 mg/dl and minimum calculated GFR was 82ml/
min/1.73m". Measuring tubular function is useful to detect
progressive tubular dysfunction, which causes Fanconi’s syn-
drome.

Some analyses suggested a potential association of pro-
gressive tubular dysfunction and a gradual decline of GFR in
TDF-associated renal impairment. In TDF-receiving patients,
GFR levels in patients with high U-BMG (>1000 pg/liter) on
two or more occasion were significantly lower than that in
patients with lower U-BMG (<1000 ug/liter). In analyses
using MMANOVA for the total sample population, maxi-
mum U-BMG levels were significantly associated with the
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FIG. 1. Urine f>-microglobulin (U-BMG) and percentage tubular reabsorption of phosphate (%TRP), calculated glomerular
filtration rate (GFR), and alkaline phosphatase. (a) The U-BMG level in patients receiving TDF (@) and %TRP in patients
receiving TDF (O). (b) The glomerular filtration rate (GFR) in patients receiving TDF () and in patients receiving other
NRTIs (O). GFR was calculated using the simplified modification of diet in renal disease (MDRD) formula. (c) The ratio of
alkaline phosphatase compared with baseline in patients receiving TDF (B) and patients receiving other NRTIs (Q). Data are
shown as median (IQR). *p < 0.05, **p < 0.001 using the Wilcoxon signed rank test.
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TasLe 2. ComparisoN OF GFR, SEruM CREATININE, URINE-,MG, AND TRP(%) AT BASELINE, WoRsT LEVEL DURING TDF-
RECEIVING, AND RECOVERY LEVEL AFTER DiSCONTINUATION oF TDF IN Five PATIENTS wiTH SEVERE RENAL Toxicrty?

TDF

GFR (ml/min/1.73 m* Urine-B,MG (ug/liter 9
Patient  Key  duration Risk (i in] ) e (rg/lter) IR %)
No. drug  (weeks) factors BL Minimum Recovery BL Maximum Recovery BL Minimum Recovery
1 NNRTI 12 DM 101 62 82 406 55,100 329 87 42 91
2 NNRTI 12 DM 92 45 65 354 79,900 1150 78 19 79
3 Pl 1 IDV-related 124 108 102 86 49,900 110 99 74 89
renal atroph
4 PI 106 DM, IDV-related 126 48 68 260 22,800 537 96 50 85
renal atrophy,
VCM, NSAIDs
5 NNRII 194  TMP-S5MX 159 70 109 711 11500 984 93 52 82

“BL, baseline; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; DM, diabetes mellitus; IDV, indinavir; TMP-
SMX, trimethoprim-sulfamethoxazole; VCM; vancomycin; NSAIDs: nonsteroidal anti-inflarumatory drugs.

GFR level at week 96 (MMANOVA, p = 0.0002). Additionally,
in 12/40 (30%) TDF-receiving patients with a moderate de-
crease in GFR (<70% of baseline) by week 96, a significantly
higher level of U-BMG [2750 (2050-12800) ug/liter vs. 263
(185-578) ug/liter at week 96, p = 0.008] and a relatively lower
%TRP {88 (84-91)% vs. 91 (86-95)% at week 96, p = 0.15] were
observed. Of interest, among these 12 patients, elevated
U-BMG (maximum U-BMG >1000 ug/liter) was observed in
56% by week 12, in 67% by week 24, and in 100% at week 48,
whereas the decrease in GFR (minimum GFR <70% of base-
line) was observed in only 18% of patients by week 12, in 36%
by week 24, and in 55% by week 48. Early elevation of U-BMG
(>1000 pg/liter) seemed to be one of the useful predictors of a
modest decline in GFR. However, it could not be statistically
determined which level of U-BMG and which week of mea-
surement would be the best predictors of a decline in GFR.
It has not been determined yet whether TDF-associated
renal dysfunction is reversible. Some case reports also sug-
gested that rapidly deteriorating renal function can result in
irreversible or fatal renal failure.5'! In this study, the GFR did
not fully recover for 6 months in three of five patients. In a
case with severe renal dysfunction, a longer observation pe-
riod (>6 months) may be required to determine whether the
GFR truly recovers. Moreover, all of the above five patients
had some risk factors for renal impairment, such as diabetes
mellitus or IDV-associated renal atrophy, although their GFR
levels at baseline were above 90 ml/min/1.73 m®. Therefore,
it is still uncertain whether the GFR level will recover in the
patients without risk factors after discontinuing TDF. In con-
trast, and importantly, quite severe tubular dysfunction im-
mediately recovered to the baseline level after discontinuing
TDF in all of the five cases and in the previously reported one
case™ with severe renal toxicity, regardless of any risk factors.
It may be safer to decide to continue or discontinue TDF in
accordance with the U-BMG level or %TRP level, if possible.
This study was conducted prospectively and available
patients at Ogikubo Hospital were enrolled without any se-
lection. Although the number of patients in each sample
group was small and different (12 =40 in TDF-receiving pa-
tients vs. n=23 in other NRTI-receiving patients) due to a
small available sample population, there was no significant
difference in patient characteristics between TDF-receiving
patients and NRTI-receiving patients. Moreover, there were

more risk factors for renal impairment in those receiving other
NRTIs—the median CD4 cell count was lower, the median
HIV RNA was higher, and the percentage of the patients
pretreated with IDV was higher.

Despite these findings, none of the other NRTI-receiving
patients showed deterioration of any renal parameters. Ad-
ditionally, characteristics of the sample population did not
greatly deviate from those of the general population, since
the change of renal function of TDF-receiving patients in this
study was consistent with other large observational studies.
The ratio of the elevation in the serum creatinine level is
comparable to other observational studies.’*

On the other hand, it is uncertain whether the observed
overall change in GFR in this study was applicable to general
populations. The absolute decline in GFR by ~17ml/min/
1.73m* in and the proportion of 12/40 (30%) patients with a
modest decrease in GFR (<70% of baseline) in TDF-receiving
patients after 2 years was comparable to large observational
studies.*” However, another observational study showed a
lower ratio of the decline in GFR.° This may provide a limi-
tation to the generalization of this conclusion.

There are some limitations to the use of U-BMG testing
in the routine monitoring of TDF-treated patients. Although
the U-BMG level is a specific marker of proximal tubular
dysfunction, it sometimes becomes elevated in progres-
sive HIV infection and often varies according to serum f»-
microglobulin level* However, because markedly elevated
U-BMG (>10,000 ug/liter) is quite rare even in progressive
HIV infection,® the criterion of discontinuing TDF (10,000
ug/liter) may be reasonable.

The percentage TRP, which directly reflects the urinary loss
of phosphorus, has been shown to be quite sensitive in de-
tecting tubular dysfunction. ALP, a marker of osteoblastic
activity, showed persistent increases in patients receiving
TDF, whereas the serum phosphorus level did not decrease.
Tubular dysfunction does not cause an immediate decrease in
serum phosphorus levels because the level is maintained by
bone mineralization.® An indicator of urinary loss of phos-
phorus is not the serum phosphorus level but %TRP and ALP
level. However, the ALP level can be affected by other factors
including liver disease, therefore, an increased ALP ratio
compared with baseline is a better measure of bone mineral-
ization.



LONG-TERM USE OF TDF AND TUBULAR DYSFUNCTION

Urinalysis is not only a simple and low-cost test but is
also useful for detecting severe renal injury; therefore the
Infectious Diseases Society of America recommended urinal-
ysis as a screening test for HIV-related renal disease.'® How-
ever, urinalysis using a dipstick cannot detect urinary loss of
low-molecular-weight protein, which is a typical finding in
TDF-related tubular toxicity.”> Although glucosuria can be
observed in severe Fanconi’s syndrome, it was not detected in
mild tubular dysfunction. Renal tubular epithelial cells and
granular casts are generally considered as a sensitive and
specific marker for acute tubular necrosis. However, in this
study, they were observed only three of five of the patients
with severe TDF-associated renal toxicity. Additionally, they
were sometimes observed nonspecifically in patients without
acute or chronic renal dysfunction.

Progression of HIV infection causes chronic renal dysfunc-
tion, and a very low CD4 cell count (<50/pul) was reported to
be a risk factor for TDF-associated renal toxicity.* However,
this study suggested that a low CD4 cell count was not a risk
factor for acute nephrotoxicity. A very low CD4 cell count
(<50/ul) may be more frequently associated with renal dam-
age than a moderately low CD4 cell count (<200/al) **%7; in
addition, nephrotoxic agents are frequently used in patients
with very low CD4 cell counts, for example, NSAIDs, TMP-
SMX, and amphotericin B.

In conclusion, prolonged treatment with TDF caused pro-
gressive proximal tubular dysfunction as well as a modest
decline in GFR. A critical threshold of U-BMG or %TRP for
discontinuing TDF was not determined, because this study
was not designed to determine criteria guiding either the use
of tenofovir or its discontinuation. However, if apparently
abnormal tubular dysfunction, such as a persistent elevation
of U-BMG >10,000 ug/liter or a decline of %TRP (<80%), is
observed, closer monitoring of GFR is necessary, and if pos-
sible, discontinuing TDF may be beneficial.
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Antibody responses to Porphyromonas gingivalis outer membrane
protein in the first trimester

Jun SASAHARA,' Akira KIKUCHI,' Koichi TAKAKUWA,' Noriko SUGITA,? Yoshimitsu ABIKO,?
Hiromasa YOSHIE? and Kenichi TANAKA'
'Department of Obstetrics and Gynecology, Niigata University Graduate School of Medical and Dental Sciences, Niigata, *Division of

Periodontology, Depariment of Oral Biological Science, Nugata Unmiversity Graduate School of Medical and Denial Sciences, Niigaia, and
3Department of Biochemistry and Research Institute of Oral Science, Nihon University School of Dentistry, Matsudo, Chiba, Japan

Background: Porphyromonas gingivalis (Pg) is one of the most harmful periodontal pathogens and it has been reported that
Pg is associated with preterm birth (PTB), intrauterine growth retardation (IUGR) and pregnancy-induced hypertension
(PIH), discovered by animal experiments and clinical research. The relationship between adverse pregnancy outcomes and
maternal antbody response to Pg is controversial. On the other hand, the serum C-reactive protein (CRP) has been recognised
as a reliable serum marker of periodontal disease.

Aims: To determine the significance of antibody responses to Pg affecting pregnancy outcomes in the first trimester.
Methods: A case—control study was carried out on women with PTB (n = 58), IUGR (z = 91), PIH (» = 32) and without
any complications (control, n = 98). The serum level of the CRP and IgG1 against 40-kDa outer membrane protein of Pg
(anti-40-kDa OMP Pg-IgG1) in the first trimester was measured.

Results: The TUGR group, and PTB patients whose placentas were diagnosed as chorioamnionitis or whose vaginal flora
included Lactobacilli, showed a lower level of anti-40-kDa OMP Pg-IgG1 than the control group. There was no difference in
the serum CRP level between each case group and control group.

Conclusions: These results suggest that a lack of humoral immunity against Pg in early pregnancy is associated with IUGR

and some PTB.

Key words: intrauterine fetal growth retardation, periodontal disease, Porphyromonas gingivalis, pregnancy-induced

hypertension, preterm birth.

Introduction

Periodontal disease is chronic infection of tooth-supporting
tissues, which is caused by oral bacteria. For decades, many
studies have indicated that periodontal disease is not only a
problem of the oral cavity but also is very much related to
systemic diseases, such as cardiovascular disease, type 2
diabetes mellitus, osteoporosis and so on.' In the obstetrical
field, it is suggested that preterm birth (PTB), low birthweight,
intrauterine growth retardation (IUGR), pre-eclampsia and
miscarriage are associated with periodontal disease, and the
mechanisms may be host-immune responses against oral
bacterial infection or a direct bacterial assault on the placenta
and fetus."™ Porphyromonas gingivalis (Pg) is one of the most
important periodontal pathogens and it is strongly suggested
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that Pg could cause adverse pregnancy outcomes, discovered
by animal experiments and clinical research.*” The outer
membrane protein (OMP) of Pg is a major virulence factor
associated with bacteria colonisation in the gingival crevice.
Chronic periodontitis patients showed a significantly higher
serum level of IgG, especially the IgG1 subclass, against
40-kDa OMP of Pg (anti-40-kDa OMP Pg-IgG1).® The
purpose of this study was to determine the relation between
pregnancy outcomes and the serum level of anti-40-kDa
OMP Pg -IgG1 in the first trimester.

Methods

The subjects were selected from Japanese pregnant women
who underwent blood sampling during the first trimester
between January 1994 and May 2002 and delivered at
Niigata University Medical and Dental Hospital. The Ethics
Committee of Niigata University approved this study. One
hundred and eighty-one women with adverse pregnancy
outcomes and 98 control women were enrolled in this study.

The adverse pregnancy outcomes indicated the causes to
be PTB, TUGR and pregnancy-induced hypertension (PIH).
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Table 1 Clinical characteristics of each group

Maternal age, years
median (IQR)

Primipara, %

Gestational age, weeks
median (IQR)

Birthweight, grams
median (IQR)

PTB (n= 58) 33.0 (29.3, 36.8) 448
TUGR (n=91) 33.0 (29.0, 36.0)t 54.1
PIH (n=32) 33.0 (29.8, 36.0)t 37.5
Control (n = 98) 31.5 (28.0, 34.0) 57.1

35.9 (34.6, 36.4)*
39.4 (38.6, 40.2)F
39.0 (36.4, 40.5)t
39.9 (39.0, 40.4)

2230 (1828, 2542)*
2504 (2376, 2639)*
2729 (2043, 3156)*
3068 (2911, 3352)

P-values were determined by Mann—Whitney U-test or Fisher exact test. *, P< 0.01; +, P< 0.05.
CRP, C-reactive protein; IQR, interquartile range; IUGR, intrauterine growth retardation; PIH, pregnancy-induced hypertension;

PTB, preterm birth.

PTB is defined as delivery at less than 37 weeks of gestation,
as a result of either preterm labour or premature rupture of
the membranes (PROM). TUGR is defined as delivery of an
infant whose birthweight is less than the 10th percentile of
Japanese standards. According to the criteria of the Japanese
Society of Obstetrics and Gynecology (2005), PIH is defined
as hypertension with or without proteinuria occurring after
the 20th week of gestation but being resolved by the 12th
post-partum week. It encompasses pre-eclampsia (hypertension
plus proteinuria), gestational hypertension (hypertension without
proteinuria) and superimposed pre-eclampsia. Superimposed
pre-eclampsia is defined as the new onset of proteinuria
after the 20th week of gestation in a woman with chronic
hypertension and no proteinuria before the 20th week of
gestation, or a sudden increase in blood pressure and/or
proteinuria afrer the 20th week of gestation in a woman with
both hypertension and proteinuira before the 20th week of
gestaton, or the new onset of hypertension after the 20th
week of gestation in a woman with proteinuria and no
hypertension before the 20th week of gestation. Mild PIH
was diagnosed where there was systolic blood pressure
higher than 140 mmHg but not exceeding 160 mmHg and/
or diastolic blood pressure higher than 90 mmHg but not
exceeding 110 mmHg, as well as daily proteinuria higher
than 300 mg but not exceeding 2 g. Severe PIH was
diagnosed where there was systolic blood pressure exceeding
160 mmHg and/or diastolic blood pressure exceeding
110 mmHg, as well as daily proteinuria exceeding 2 g. PTH
with an onset earlier than the 32nd week of gestation is
defined as being early onset, and PIH with an onset after the
32nd week is defined as being late onset. Patients who
experienced PTH and delivered ITUGR infants, were classified
in the PIH group, and those who delivered TUGR infants as
a result of preterm labour or PROM, were classified in the
PTB group. The control group consisted of women who
delivered appropriate birthweight infants after 37 weeks of
gestation without pregnancy-induced hypertension (PTH) or
other medical problems.

In the case of PTB patients, vaginal swabs were obtained
for bacterial culture tests when they were admitted with
preterm labour or PROM, and their placentas were examined
for histological chorioamnionitis (CAM) after delivery.
CAM was diagnosed if there was acute inflammation with
polymorphonuclear leucocytes infiltrating the chorionic
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membrane. Exclusion criteria included muldple birth,
congenital fetal abnormalities and incompetent cervix.

Peripheral venous blood samples were obtained from first
trimester women. Serum was collected by centrifugation at
1500 g for 20 min and stored at — 20°C until use. Recombinant
40-kDa OMP of Pg was purified by the method of Kawamoto
etal. and anti-40-kDa OMP Pg-IgGl was determined by
enzyme-linked immunosorbent assay, as previously described.®?
Antibody levels were expressed as percentages of the control
serum. The control serum was derived from a patient with
periodontitis and with Pg detected in her periodontal pockets
by polymerase chain reaction (PCR). A CRP assay was
performed by Latex Photometric Immunoassay on QUICK
TURBO C (SHINO-TEST, Tokyo, Japan).

The statistical differences from the control group were
determined by the Mann—Whitney U-test or Fisher exact
test. All analyses were performed using the R version 2.6.1.
and R Commander version 1.3-9.

Results

A total of 279 subjects (58 PTB, 91 TUGR, 32 PIH and 98
controls) were enrolled in the study. The clinical characteristics
of each group are shown in Table 1. There were no
differences in the percentage of primipara between cach case
group and the control group. The maternal ages of those in
TUGR and PIH groups were significantly higher than those
of the control group. As expected, the PTB, IUGR and
PIH groups had significantly lower gestational ages and
birthweights than the control group. Anti-40-kDa OMP
Pg-1gG1 of the IUGR group was significantly lower than that
of the control group and no differences were observed among
the PTB, PIH and conwol groups (Table 2). However, PTB
patients whose placentas were diagnosed as CAM showed a
lower tendency (P = 0.055), and those who were Lactobacillus-
positive in vaginal flora showed significantly lower levels than
the control group (Table 3). Although there were eight PTB
patients who suffered from CAM despite the presence of
Lactobacilli, they showed very low serum levels of anti-
40-kDa OMP Pg-IgGl (median 14.5%, interquatile range:
6.7~37.4%). As shown in Table 4, there were no differences
in ant-40-kDa OMPPg-IgG1 between the control group and
cach subclass of PIH (gestational hypertension, pre-cclampsia,
superimposed pre-eclampsia, early onset, late onset, mild

© 2009 The Authors
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Table 2 Serum level of anti 40-kDa Pg-IgG1 and CRP in the first trimester

Anti 40-kDa Pg-IgG1, % CRP, mg/dL
Median (IQR) P-value Median (IQR) P-value
PTB (n=58) 20.4 (35.0, 166.5) 0.226 0.12 (0.03, 0.28) 0.115
IUGR (n=91) 57.3 (29.4, 151.4) < 0.01 0.06 (0.02, 0.18) 0.684
PIH (n =32) 82.8 (48.1, 90.7) 0.118 0.06 (0.20, 0.19) 0.315

Control (n = 98) 100.3 (54.6, 177.6)

0.06 (0.03, 0.19)

P-values were determined by Mann-Whitmey U-test.

CRP, C-reactive protein; IQR, interquartile range; TUGR, intrauterine growth retardation; PTH, pregnancy-induced hypertension;

PTB, preterm birth.

Table 3 Relation of CAM and Lactobacilli with anti-40-kDa Pg-IgG1 and CRP in preterm birth group

Anti-40-kDa Pg-IgG1, % CRP, mg/dL
n Median (IQR) P-value Median (IQR) P-value

CAM

Positive 24 52.6 (22.1, 143.3) 0.055 0.11 (0.05, 0.27) 0.098

Negative 21 136.7 (63.2, 210.0) 0.334 0.18 (0.02, 0.44) 0.109

(unknown 13)
Lactobacilli in vaginal flora

Positive 22 38.1 (8.5, 127.7) < 0.01 0.08 (0.02, 0.24) 0.849

Negative 16 144.8 (66.7, 226.3) 0.114 0.20 (0.05, 0.35) 0.077

(unknown 20)
Control 98 100.3 (54.6, 177.6) 0.06 (0.03, 0.19)
P-values were determined using Mann—Whitney U-test.
CAM; histological chorioamnionitis; CRP; C-reactive protein; IQR, interquatile range.
Table 4 Anti-40-kDa Pg-IgG1, CRP and subclasses of pregnancy-induced hypertension

Anti-40-kDa Pg-IgG1, % CRP, mg/dL.
n Median (IQR) P-value Median (IQR) P-value

Gestational hypertension 9 71.1 (37.3,85.2) 0.146 0.05 (0.00, 0.08) 0.194
Pre-eclampsia 15 83.6 (67.9, 88.1) 0.206 0.03 (0.02, 0.14) 0.308
Superimposed pre-eclampsia 8 90.4 (67.4, 161.6) 0.910 0.14 (0.04, 0.26) 0.549
Early onset type 11 81.6 (54.6, 120.7) 0.590 0.08 (0.03, 0.22) 0.661
Late onset type 21 83.6 (49.8, 88.9) 0.101 0.03 (0.00, 0.08) 0.108
Mild 18 83.1 (44.7, 90.1) 0.104 0.04 (0.00, 0.08) 0.106
Severe 14 82.6 (73.7, 90.7) 0.507 0.07 (0.02, 0.24) 0.826
Control 98 100.3 (54.6, 177.6) 0.06 (0.03, 0.19)

P-values were determined using Mann—-Whitney U-test.
CRP, C-reactive protein; IQR, interquatile range.

and severe PIH). There was also no difference in the serum
CRP level between the control group and each case group
(Tables 2—4)..

Discussion

Periodontal disease is a chronic infection of periodontal
tissue by anaerobic Gram-negative rods, which has recendy

© 2009 The Authors

been recognised as a risk factor for PTB, IUGR, pre-eclampsia
and so on.? Pg is one of the most harmful periodontal
pathogens and induced TUGR in rodent models. It has been
detected in the placenta of patients with pre-eclampsia and
in the amniotic fluid of those with preterm labour.*”

There are several studies about secrum antibody levels
against Pg during pregnancy, but the significance has been
controversial. Dasanayake et al. stated that higher antibody
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levels against Pg were associated with low birthweight
deliveries.”” On the other hand, Lin ez al. reported that low
maternal IgG antibody response to Pg was associated with an
increased risk of PTB." In our results, lower antibody
response was observed in the TUGR group and some PTB
patients, and these agree with Lin’s data. In the previous
reports described above, antibody levels were measured by
the immunological method using sonicated whole bacteria as
the antigen, whereas recombinant 40-kDa OMP was used in
this study. 40-kDa OMP plays a role in the progression of
periodontal disease caused by Pg and it has been suggested
that 40-kDa OMP should be the antigen of a vaccination for
periodontal disease.'™'® Patients with chronic periodontitis
showed significantly higher serum levels of antibody against
40-kDa OMP, especially the IgG1 subclass, than periodontally
healthy controls, however, the antibody level did not have a
significant association with the mean probing depth, which is
one of the most reliable clinical measurements of periodontal
disease.® Furthermore, we measured the serum level of
anti-40-kDa OMP Pg-IgG1 of 14 non-pregnant young
individuals who were periodontally healthy and Pg could not
detected in their periodontal pockets by PCR. The median
antibody level was 69.3% (IQR: 44.7~151.8%) and the
highest antibody level was 195.2%, which is about twice as
high as that of the control serum. Our control serum was
derived from a patdent with periodontids and Pg was
detected in her periodontal pockets by PCR. The positive
rate of Pg by PCR in periodontal pockets was more than
50% in Japanese pregnant women in the first trimester (our
unpublished data). Pg is the common oral bacteria in young
Japanese women and most of them must have obtained
humoral immunity before pregnancy. Serum CRP levels are
strongly associated with periodontal status. Meta-analyses
have suggested that serum CRP levels in periodontitis
patients are clevated, compared with controls, and lowered
by periodontal treatment." Tn early pregnancy, compatible
results were also reported.' Although periodontal examinations
were not performed in this study, there may be no significant
differences in the periodontal status between each case group
and the control group because the serum CRP levels were
similar in each group. These may mean that the risk factor
for adverse pregnancy outcome is not periodontal disease
itself but the lack of humoral immunity against Pg (and other
oral bacteria?) in early pregnancy.

There are two hypotheses about the mechanism of
periodontal disease worsening pregnancy outcomes. One
explanation is intrauterine infection of oral bacteria through
maternal circulation.*” Maternal immunoglobulins against
periodontal pathogens should protect the mother and fetus
from bacterial dissemination into the uterus.'!* The other
hypothesis is inflammatory cytokine or prostaglandin production
in the oral cavity. Cytokines, like tumour necrosis factor-o.
and prostaglandin, will reach the uterus through maternal
circulation and induce uterine contractions or worsen the
condition of the fetus and placenta.>® Boggess et al. reported
that maternal periodontal disease in early pregnancy was
associated with delivery of a small-for-gestational-age infant
and hypothesised that it presents an oral microbial challenge

140

that results in a systemic inflammatory response in a subset
of women and ultimately results in abnormal placental or
fetal development that impacts fetal growth.!” In our results,
it is difficult to speculate on the mechanism suppressing fetal
growth, however, it is possible to do so in the case of PTB.
In the PTB group, the serum levels of anti-40-kDa OMP
Pg-IgG1 were low in patients with CAM or without Lactobacilli
in vaginal flora. Intrauterine infection, which is called CAM
pathologically, is one of the most prevalent causes of PTB
and it has been suggested that the origin is often ascending
infection with bacteria from the vagina and cervix.'®
Lactobacilli prevent pathogenic bacteria from growing in the
vagina and from invading the uterus, therefore the presence
of Lactobacilli in vaginal flora is a negative risk factor for
PTB.” These suggested that haematogenous infection by
oral bacteria may be one of the origins of intrauterine
infections and occur more commonly in PTB patients who
suffer from CAM despite the presence of Lactobacills.

Conclusion

These results suggest that a lack of humoral immunity
against Pg itself in early pregnancy is associated with JTUGR
and some PTB.
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Abscess formation due to Mycoplasma hominis infection

after cesarean section
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Abstract

A 27-year-old female patient underwent cesarean section and a postoperative hematoma occurred at the site
of the uterine incision. The patient underwent relaparotomy to remove the hematoma. Four days later she
developed a fever of over 39°C and an abscess had formed at the site. Despite therapy with several antimi-
crobial agents, her fever persisted. Consequently, she underwent transvaginal abscess drainage, after which she
promptly became afebrile. Mycoplasma hominis was considered to be the primary causative organism. There are
two reasons that could explain why the wound infection became serious: (i) M. hominis is resistant to several
antimicrobial agents that are usually used to treat obstetric infections; and (ii) a long time is required to identify
the pathogen. In conclusion, M. hominis should be considered as a causative organism if an antimicrobial-
resistant infection occurs at the surgical site after a cesarean section.

Key words: cesarean section, Mycoplasma hominis, postpartum infection.

Introduction

Mycoplasma hominis usually colonizes the lower uro-
genital tract. In the context of gynecologic and obstetric
infections, there are reports of an association between
M. hominis and pelvic inflammatory disease, postpar-
tum fever, and preterm labor. Usually, the pathogenic-
ity of M. hominis is considered to be relatively low.
Although infections caused by the bacteria are often
mild, occasionally, they may be serious. We report a
case of abscess formation at the uterine incision site
after cesarean section, which was caused by M. hominis
infection.

Case Report

A 27-year-old woman, para 2, underwent emergency
cesarean section at a local hospital because of arrest of
labor at 38 weeks of gestation. A transverse incision

was made at the lower uterine segment. The patient
presented with hematuria 5h after the cesarean
section, and ultrasound examination revealed a 5-cm
hematoma between the lower uterine segment and
the bladder. Subsequently, she was transported to our
hospital for further evaluation and treatment of the
hematoma.

On admission, the patient’s general condition was
maintained, and her clinical and laboratory data were
as follows: body temperature, 37°C; blood pressure,
103/63 mmHg; heart rate, 137 bpm; white blood cell
count, 31200 cells/mm® hemoglobin, 10.8 g/dL; and
C-reactive protein (CRP), 2.3 mg/dL. The hematoma
measured 8 X 6 cm and had spread into the retroperi-
toneal space (Fig. 1). Therefore, the patient underwent
relaparotomy for hemostasis. The bleeding was identi-
fied and stemmed, and the hematoma was removed. A
Penrose drain was placed at the site of the hematoma
for 2 days.
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Figure 1 Ultrasonogram on admission. A hematoma
was detected between the lower uterine segment
and bladder (arrow). The bladder is indicated by
arrowheads.

Figure 2 Computed tomography scan obtained on the
fourth day. An abscess was detected at the site where
the hematoma had formed (arrows).

On the second day after relaparotomy, the patient’s
leukocytosis and elevated CRP level showed no
improvement, and on the fourth day, her body tem-
perature rose to over 39°C. A computed tomography
(CT) scan revealed a 9x4.5-cm abscess at the site
where the hematoma had formed (Fig. 2). Although we
administered cephalosporin, carbapenem, clindamy-
cin, and aminoglycoside, the patient’s high fever per-
sisted. On the seventh day, an abdominal incisional
abscess was also apparent. The removed drain and
abdominal incisional abscess were plated onto blood
agar and chocolate agar, and incubated at 37°C in a 5%
COy-containing atmosphere. After 72 h of incubation,
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pinpoint and translucent colonies were observed on all
of the plates, but repeated Gram stains of the colonies
were negative. It was difficult to identify the bacterial
species and perform antimicrobial sensitivity tests
because the bacterial growth was very slow. However,
the laboratory personnel of our department suggested
that the bacteria might be M. hominis on the basis of the
features of the colonies.

On the tenth day, the pelvic abscess was drained
using the transvaginal approach. A transverse incision
was made at the junction of the anterior vaginal mucosa
and cervical portion of the uterus, and the bladder was
dissected in order to reach the abscess wall. The abscess
wall was hard, so it was punctured with a Kelly clamp
under the guidance of transabdominal ultrasonogra-
phy. A Penrose drain was placed in the abscess.

Fluoroquinolone (pazufloxacin mesilate) was admin-
istered, and the next day, the patient promptly became
afebrile. Pazufloxacin mesilate was administered for a
week, and the patient was discharged 14 days after the
pelvic abscess was drained.

The Gram-negative bacteria that had been detected
in the specimen obtained from the Penrose drain, the
abdominal incisional abscess, and the pelvic abscess
were later identified as M. hominis by a polymerase
chain reaction (PCR) assay as described previously.'
Briefly, bacterial cells were suspended in 300 uL of
sterile water and boiled for 5 min; they were then cen-
trifuged and the supernatant was used as the DNA
template for the PCR reaction. PCR primers were used
to amplify a 334-bp fragment of the M. hominis 165
rRNA gene as described previously.! A 334-bp ampli-
con was produced by the species-specific PCR assay.
Sequencing of the amplicon demonstrated 100% base-
pair identity to those of the M. hominis strain.

Discussion

M. hominis is a pathogenic bacterium that usually colo-
nizes the lower urogenital tract, in which colonization is
approximately 20-50%.>* In the context of obstetric and
gynecologic infections, M. hominis has been associated
with pelvic inflammatory disease,® postpartum fever,®
and preterm labor.” Furthermore, M. hominis causes
various extragenital infections, such as septicemia,®
septic arthritis,” endocarditis,”® and brain abscess.!*
Usually, infections caused by M. hominis are self-
limiting and cause mild symptoms.*" However, occa-
sionally, the infection becomes serious in patients with
risk factors, such as compromised immunity. In serious
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cases, therapy with appropriate antibacterial agents
and surgery are strongly recommended.

Mycoplasma species do not have a cell wall, which is
the target for beta-lactam antimicrobials that are com-
monly used as prophylaxis agents for post-surgical
infections. Furthermore, they do not synthesize folic
acid and are resistant to antimicrobials that interfere
with folic acid synthesis, such as sulfonamides.’® Tet-
racyclines, erythromycin, clindamycin, chlorampheni-
col, aminoglycosides, and fluoroquinolones have been
shown to have activity against one or more mycoplas-
mal species; however, there are some reports that
M. hominis is generally resistant to erythromycins and
amynoglycosides.”'*" Tetracycline has been consid-
ered to be the drug of choice for treating M. hominis
infections.” However, there is an increase in the emer-
gence of tetracycline-resistant strains of M. hominis,'**
and clindamycin is often used when tetracycline is not
effective.'>152

In the context of wound infection after cesarean
section, Gram staining is considered a helpful method
for predicting subsequent culture results.> However,
because they lack a cell wall, mycoplasmas cannot be
identified using Gram staining of clinical specimens.!¢
In addition, M. hominis is a slow-growing bacterium,
and its identification and antimicrobial sensitivity test
with routine cultural methods are difficult. Therefore,
appropriate antibacterial therapy is generally started
late in cases of M. hominis infection. As noted above,
a number of cases have been reported wherein
M. hominis could not be detected by Gram staining and
administration of effective antimicrobials as they were
initiated late.'®* Furthermore, specific media were
required for identification of M. hominis in those cases.

Recently, it was reported that compared to culture
methods, PCR assay is a simple, rapid, and more sen-
sitive method for the identification of this pathogen.®
Therefore, a PCR assay should be performed if an
M. hominis infection is suspected.

There are some reports on the use of surgical proce-
dures to treat M. hominis infection.'"”*** In these
reports, the patients underwent drainage and aspira-
tion and received local wound care because antimicro-
bial therapy with beta-lactam antibiotics, such as
penicillin derivatives and cephalosporins was ineffec-
tive. Surgery is considered to be a promising treatment
for M. hominis infection if antimicrobial therapy is inef-
fective. In our case, antimicrobial sensitivity tests could
not be performed, and it was not clear as to which
antimicrobials were actually effective. Although clinda-
mycin, which is typically considered to be effective

© 2009 The Authors
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against M. hominis, was administered after abscess for-
mation, it showed no clinical effects. Once an abscess
develops, antimicrobial therapies only have a limited
effect even if the drug shows high in vitro activity; in
such cases, surgery should be performed promptly®

In conclusion, we present a case of severe wound
infection that was caused by M. hominis infection after
cesarean section. Resistance to beta-lactam antibiotics,
which are regarded as the first-line treatment agents
for antimicrobial prophylaxis, and difficulty in identi-
fication with conventional bacterial culture methods
may have made the infection worse.
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Pulmonary agenesis is a very rare developmental mal-
formation of the lung, in which there is a complete
absence or severe hypoplasia of one or both lungs
(Bianchi et al., 2000). Prognosis of pulmonary agene-
sis varies from stillbirth, to neonatal death, to survival
without any symptoms (Booth et al., 1967; Maltz et al.,
1968; Engellenner et al., 1989). We describe the prenatal
diagnosis of unilateral pulmonary agenesis in a woman
with chronic renal faiture (CRF) treated with hemodial-
ysis.

A 32-ycar-old woman, para 0, had undergone hemo-
dialysis for 6 months because of CRF, the cause of
which was unknown. She conceived spontaneously and
was relerred to our hospital at 22 weeks’ gestation
for the management of pregnancy and delivery. She
had no family history of any malformation. At sono-
graphic scan, the fetal cardiothoracic area ratio (CTAR)
was increased to 38%. No structural cardiac anomalies
were observed. The total cardiac dimension was normal
(19 mm) and the thoracic circumference/abdominal cir-
cumference ratio was low (0.65), which suggested not
a cardiomegaly but a small thorax. A mediastinal shift
to the right side was present without abnormal intratho-
racic mass lesions. The left lung appeared normal, how-
ever, the right lung could not be detected (Figure 1a).
Therefore, we diagnosed the fetus as having right pul-
monary agenesis. Magnetic resonance imaging (MRI)
cxaminations at 26 and 35 wecks’ gestation confirmed
the absence of the right fetal lung without abnormal
intrathoracic masses (Figure la and b). Her pregnancy
course was uneventful, and preterm labor and polyhy-
droamnios were not observed. She underwent hemodial-
ysis four times a weck and after 24 weeks’ gestation,
hemodialysis was performed five times a week. Mater-
nal renal function was stable during the pregnant period.
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Gynecology, Niigata University Graduate School of Medical and
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Her fetus was healthy and fetal growth was appropri-
ate. At 35 weeks’ gestation, MRT was performed again
for reevaluation of fetal lungs, and the lack of the right
lung was confirmed, as suspected from the MRI exam-
ination performed at 26 weeks’ gestation (Figure 1b).
At 40 weeks’ gestation, she delivered a male infant
(2834 g) vaginally. The apgar score at 1 min was 4
points, so mask ventilation was performed and the apgar
score improved to 8 points at 5 min. A plain chest radio-
gram showed hyperinflation of the left lung, a mediasti-
nal shift toward the right side, and radiopacity of the
right hemithorax. Administration of oxygen and nasal
directional positive airway pressure were required for a
few days due to cyanosis, retraction, and low oxygen
saturation of pulsc oximetry, after which no treatment
was necessary. Computed tomography (CT) was per-
formed on the fourth day after birth and the results again
confirmed the infant’s right pulmonary agenesis. No
associated anomalies were detected by physical exam,
CT, or ultrasound examination of the brain, heart, and
abdomen. Mother and child were discharged from our
hospital, 14 days after delivery. At pediatric follow-up
after 1 year, the child was doing well.

Pulmonary agenesis is defined as the complete
absence or severe hypoplasia of one or both lungs
(Bianchi et al., 2000). Pulmonary agenesis is consid-
ered to be a rare malformation. Schechter et al. (1968)
estimated an incidence of 1 in 15000 based on autop-
sies. There have been some reports on prenatal diagnosis
of unilateral pulmonary agenesis (Bianchi et al., 2000;
Viora et al., 2002). There has been only one reported
case that was diagnosed prenatally during the second
trimester at 23 weeks’ gestation (Viora et al., 2002). The
unilateral pulmonary agenesis of our case was prenatally
diagnosed at 22 weeks and may be the earliest such case
in the literature. We suspect that prenatal diagnosis of
unilateral lung agenesis should be possible even before
22 weeks’ gestation. The most important sonographic
finding is usually the mediastinal shift to the affected
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Figure 1—(a) Coronal section of fetal thorax (4-chamber view) at 22 weeks’ gestation by ultrasound. The right lung could not be detected and
the heart (solid arrow) was shifted to the right side. The cardiothoracic area ratio was increased 1o 38%. (b) MRI (half Fourier single-shot Turbo
spin echo) performed at 35 weeks’ gestation. Right fung was absent and the mediastinum (solid arrow) was shifted toward the right side. Dotted

arrow indicates left lung

side. Therefore, differential diagnoses have been consid-
ered, that is, an abnormal intrathoracic mass lesion, such
as a congenital diaphragmatic hernia or a congenital cys-
tic adenomatoid malformation of the lung (Bianchi et al.,
2000). In this case, at first we noticed an increase in
CTAR, but not a mediastinal shift. If increased CTAR is
observed, which was induced by the lack of a unilateral
lung in this case, the fetal condition causing increased
CTAR, such as a congenital cardiac disease, should be
considered as a differential diagnosis. MRI is more use-
ful than ultrasound in identifying fetal thoracic organs.
Indeed, MRI, which clearly demonstrated the absence of
the right lung and abnormal mass lesions, was helpful
in confirming the diagnosis of pulmonary agenesis.

Bilateral agenesis of the lung is incompatible with
life. Unlike bilateral lung agenesis, unilateral pulmonary
agenesis is not lethal. Some patients may die in the
neonatal period because of respiratory failure or pul-
monary hypoplasia, others have only modest and tran-
sient respiratory distress at birth like our case, or signs
of illness may be absent in the newborn. However, even
these infants remain at risk for recurrent bronchopul-
monary infection, which can be a cause of death (Bianchi
et al., 2000; Hansen et al., 2005). About half of the cases
have been associated with other malformations, includ-
ing those of the cardiovascular, gastrointestinal, geni-
tourinary, ocular, and skeletal systems. Another common
cause of death is related to associated malformations,
primarily cardiac in cause. Without major malformations
and problems of the respiratory system, long-term sur-
vival is possible (Berkenstadt et al., 1999; Bianchi et al.,
2000).

In our case, fetal pulmonary agenesis occurred in a
pregnant woman undergoing hemodialysis due to CRF.
CRF requiring hemodialysis can be associated with fetal
growth restriction (Chao ef al., 2002) and with high risk
of fetal congenital anomalies (Okundaye et al., 1998).
A careful ultrasound examination for evaluating fetal
growth and malformations, including pulmonary agen-
esis, is recommended for pregnant women undergoing
hemodialysis.

Copyright © 2009 John Wiley & Sons, Lid.

Unilateral pulmonary agenesis occurs approximately
25 times more commonly than bilateral cases (Booth
et al., 1967; Maltz et al., 1968). It is more difficult to
diagnose prenatally the absence of one lung compared to
that of both lungs by ultrasound. Unilateral pulmonary
agenesis presents the possibility of several associated
diseases, which need to be distinguished. Neonates with
unilateral pulmonary agenesis often have some prob-
lems in regard to respiration and associated anomalies
(Bianchi er al., 2000). In unilateral pulmonary agenesis,
prenatal evaluation of the associated anomalies and early
treatment immediately after birth by a neonatologist can
improve the prognosis. If prenatal diagnosis is madc,
management of pregnancy and delivery should be done
in a tertiary care center.

In conclusion, we reported here a case of unilateral
pulmonary agenesis in a pregnant woman receiving
hemodialysis. Prenatal diagnosis is important to improve
the prognosis of unilateral pulmonary agenesis.
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